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PEEFACE 


It wob discovered when the last pages of the Third Volnmo of this 
Dictionary wore printed, in 1875, that several of the articles in the 
earlier portions of the work required some additions, owing to the 
advances which had been made in the nsofnl applicatipns of science, 
and that now articles were necehsary to record the progress of several 
examples of inventive ingenuity. 

To moot this necessity it was determined to produce a Snpple- 
m(>ntary Volume/ in which all the required additions should Xm made, 
and all improvements, and new applications of vidue, carefully 
recorded. 

^ It is hoped this has been completed in a satis&ctory manner. It 
is believed that this Supplement will be found to include everything 
relating to Arts, Manufactures, and Mines which has claimed atten- 
tion since the publication of the previous volumes, and to represent 
faithfully the state of these divisions of human industry np to the 
commeilSement of the present year. 

S^vonUjBi^ arti^es have been introduced. The following name^ 
Vill tliat these have been writvon by reliable authorities 
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1 am also under considerable obligations for inforination famished 
— in many cases at considerable personal labour — and for the eontribn- 
iion of matter giving the results of original onqnirie^i conifeotion 
with sundry other articles — to those men of seienoe, manu’febturers 
and others, named in the list below, whoso valued assistance I 
respectfully acknowledge. 
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Sir JOHN G. W. ALLEYNE, Bart. 
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It 18 right that I should also express my obligations to sucb journals 
as the Eingmeer, Engineering^ Iron^ the EngUah Mechanic, the Chemical 
News, &c. ; and to the Transactions of the American Institute of Mining 
Engineers, tho Journal of the Franklin Institute, the Aiherican Journal 
of Sci&nce and Art, the Engineering and Mining Jowmal of New York, 
and others. It is boliovod, however, that sufficient references have 
^een made, throughout the volume, to the sources from which in- 
formation has been derived. 

• • 

From th^ readinoss with which assistance has been given, and 
rentable information supplied, it is believed that this Supplementary 
Volume will maintain the high character for nsefulness which this 
Dictionary has seoured. 

EOBBET Hl^T, F.E.S. 

Keeper of Mmmg Jteeords. 


Marok 12, 1878. 
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* AAOKBir nrBZM/ Reimakn statei that thii dye BtoiF, which has lately 
come into the market, is identical with ^indulin,* * artificial indigo/ and 'benaalin 
eiibfltancoB produced by the action of nitrite of potassium on hycuochloride of aniline 
—aem Cmtr. 1876. 

ASZaTlO AOZII. (‘ Abietbnb and Anisrur/ yol. i. p. 2.) (J, ahikique, Fr. ; 
Jhe Tannenharzs, Qer.) This add is formed by digesting colophony in alornol for a 
rnnsiderable period. A mixture of concentrated alcoholic abietic acid and glycerin 
d^sit, after standing fur fourteen da^, small white crystals of Ahlstin, mating at 

126°, and having the composition C“H’‘0*-80*H*0*+0**H*H)*— 6H*0. 

Ann. Ch. Pharm. cxlix. 244. See Colophont. ~ 

ABBOMA. A genus of the Bterculiaceous family, growing ia India, Java, Ac. 
From the bark a very useful fibre is separated by maceiauon in stagnant water. The 
cord made from it is exceedingly strong. 

ABBW. A leguminous plant ; a native of the East and West Indies and the 
Mauritius. It produces small scarlet coloured seeds, nearly globular, with a bl ack 
scar. They are employed in India for weights, under the name of Bati. 

AOAOZA. ^ol. 1 . p. 8.) The ash of the seeds of the Aoacia niloHea have been 
examined b}»0. Fofp, and shown to be similar in composition to beans and peas, and 
might pro^bly be us^ for fo od. 

ACIBnLTB^r AmCOBmriC. {Aeitate d^ammonigus, Fr. ; Dos eaaifftamt 
Anmomakt (^er.) This salt, as obtained in Commerce, is an acid salt, and contains 
acetamide iAit has been prepared by heat. It may be obtained pure by evaporating 
the solution of the commercial salt with an excess of ammonia, completing the evapo- 
ration at a low temperature. It is then allowed to cool in ammonia vapour, then 
broken up, aifli permitted to remain for several months in a jar filled with ammonia. 
— M. B skthelot, B utl, Boo. Chm* • 

AOBTYUmi. (Vol. i. p. 16.) Detection of, in coal gas. See Coax. Gas. 

ACfinTTBOBBYBAlSVi One of the hydrocarbons obtained from a mixture of 
solid hydrooarbons, Ahich have a higher boiling point thifo anthraoan, by treating 
this mixture with oold sulphide of carbon. Bee Ohrtsenb and Aoxttl, Watts's 
JHetio mfy gf C k emUtry , 

AOMUbaBIVB. inopz.) A new molybdo-arsenate of lead foom 

Mgxico, so wmed firom the circumstance that Professor Mallet, of the University ot 
Virginia, received the specimen ss an ore of silver, though practically it contains non& 

Ae following is the result of an analysis made by the Professor. The miBS^ 
baying been previously dried at 70° C. 

Voi.. IV. B 

V 
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• 

Ab*0» 


16*90 

16*26 

16*76 

P*0», 


•02 

•08 . 

•02 

M^O* . . * ... 


4*58 

4*40 

4*1« 

01 


1*89 

1-8S 

1*88 

F ..... . 



traces 


Fb (carculated for Cl as above) 


6*61 

6-48 

6*48 

Pb 0 (remaining) 


60*36 

68*32 

66*77 

Ou 



traces 


Ag 



traces 


Fe*0» 


0*98 

8*63 

i3*08 

H*0 (driven ofif at low heat) 


1*63 

1*38 

2*27 



99 81 

100-27 

00-44 


ACmTUC Sirica of Aoida. 0*11*“— *0*. Acid* occurring in the vegetable or 
animal organiama, or obtained from natural pnxluctB bv the saponification ^ natural 
fUts. See Olbix and Oleic Acid. Consult WAirfa’s Dietionary of CAswiM/ry— Sup- 
plement — for Oroanic Acids. ^ 

ABAMBUOOAAlflTB. A ferro-magnesia-mica, found in the Adamello group 
in the Tyrol. It is a variety of granite allied to Lbpidomulanb, and to the magnesia- 
mica firom the sircon-syenite of I^orway. (Schbbbbr.) 

ABAMin. A mineral obtained from Ghanarcillo, in Chili. Some crystals are 
rose red, others are green and grey, and occasionally white. Damodb gives its com- 


position as— 

As*0» , 


. 89-24 


ZnO . 

• • 

. . 49-11 


CuO . 


. 1-76 


H>0 . 

^ ywT 1 * 

. . 4-26 


ABASTBOKA BXOZTATA. *(Vol. i. p. 28.) See Baohad. 

ABAITBOIVXA rXBWi. The fibre of the Baobab used for paper-making. Sos 
Baobab. 

ABXFXO Series of Acids, C"H'"0*«C* — — 1C0*H. These fatty acids are 
distinguished W a high degree of stability. Even some of the highest members of 
the series — as l^mitic, Stearic, and Cerotic acids — may be distilled without alteration, 
and they all, with the exception of Formic acid, offer considerable assistance to the 
action of oxidising agents. See Faitt Acids, and the organic acids under their re- 
spective names. 

ABBOVUV or l|/iCinbXXr. A fluorescent substance, obtained from the vrhite 
inner bark of the horse chestnut {Arsculus hip^astanuir,'). The aqueouh solution is 
highly fluorescent. An infusion of the horse-chestnut bark exhibits the same phe- 
nomenon. The oompositioB of aesculin is usually given as C“'H'*0*. See Watfs's 
DkHonary &f Chemistry, 

AOABXOf AMAIIOU. {Der Bavmschwcimm, Ger.) (Bee Aoaricub, vol. i. 
p. 82.) Hecent researches have shown that some agarics contain mannite, others 
mycoee ; others contain peculiar kinds of sugar, amongst oth^ one the character of 
which has not been determined. Species very closely allied, growing on the same soil, 
contain sometimes mannite and swnetimes trehalose. < 

The Agarieus fatens, according to Taci, contains mannite, water, pectic ^cid, fibrin, 
bassorin, ligneous and colouring matter. • " c 

The Boletus Larioia (Larch agaric) contains a^ric resin— a red-broyrn substance, 
soluble in alcohol, wo(^ spirit, dec. — and agaricic acid, which ciystallises in tufts of 
needles. 

AOAXOVXIiTIFAA& BXaCBAjrXCB. The development of machinery in agri- 
culture has been very marked daring the last quarter of a century. Thdre are several 
causes for this. Thaibpeal of the Corn Laws rend^sd it necessary that every ap- 
pliance should he made use of for cheapening production. (The same cause increased 
the demand for labourers in our towns, and gradually agricultural labour, before 
abundant, became scarce. Considerable emigration also tended towards tha same 
direction, until at the present time machinery is a necessitgr, and without mechanical 
aid work could not be dune. It ha.<i been said, we think unjustly, that England is not 
an inventive so much as an improving country, that whilst we are very £dy to take 
up desim of others and increase their practical value, we are not origmoioand design 
but little. That this was true as relati^ to agricultural mechanica — or rather ap- 
peared to be BO — ure do not deny. Previous to the time we have named very little 
was done. It is true that a correct form had been given to the mould-board of the 
plough. The drill and horse-hoe had been invented, and fixed engines and threshing 
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maohiiiM were beginning to be In Snetlanil h«d been greater. The 

threshing machine was a reality there when eqmparatiTely nnknown with lu. Now 
we are oouTinced that inrentire aetirity depends npen demand. The reason why we 
were renrded as deficient in inrention is to be found in the fimt that labour was 
plentifin, consequently there was no pressing demand. In Sootliwd, the pomlation 
being much smwer than with us. and agricultural labour being consequent lyjcamer, 
the emplo^ent of machine^ was more meralr Now, howeyir. the tables are 
turned. ^ ^glish n^hinery is snperior to uiat of Scotland, and, indeed, we hold a 
world-wide reputation. Not half^ or even a quarter, of the machineiy made in this 
country is rw^uired for the home market. Many of our leading firms have agents all 
over the Contment, and a large portion of their manufiictares go abroad. Indeed, not 
the least remarkable feature of the activity we have alluded to is the extraordinary 
foreign trade which has sprung up. 

The most prominent fact li^ been the practical application of steam-power to the 
cultivation of the soil : and the enthusiast in former times was right who felt that 
the power which can drive the ship through the waves, and sends the train t4)aring 
along the rails, must be applicable to the slower operations of breaking up the soil. 
To the late John Fowlbs is due the merit of first bringing the subject into a practical 
form. Mr. Willioh Smith, oi Woolston, was an early inventor, but it is quite certain 
that the first set Cf machinery he possessed was made by Fowlhb. Both are deserving 
of groat credit for their ezerdons. In the year 1809 Mr. John Alokhmon Clihkb, 
the able editor of the Chamber of J^rieuliure Joumalt reviewed, in a prize essay of 
the Koyal Agricultural Society, the histoiy of steam culture to that date. Up to 
that period two distinct opinions prevailed as to the correct principle. One pasty 
held that the po^^ should travel on the surface, being connected with the implement ; 
and an offshoot from this theory was the carrying of the machinery on pfsmaneut 
rails. The other and more practicable view was, conveying the power from a fixed 
point or from a movable point on the headland by means of a wire rope. Under one 
or other of these heads are included all the hundreds of invenrions which have been 
registered or patented. With regard to the tracdon view, it soon became evident 
that the weight of the machinery acting on a more or less softened surface would not 
only press into the soil, but would require a gMCt portion of thd power to cause 
locomotion, and but little would remain for efficient oiridvation. As long as the 
surface was hard and dry — as on stubbles in a dry autamn>-a traction engine might 
travel with comparative ease, and propel a cultivadng implement which might so 
comminute the surface as to prepare a seed-bed at one operation. 

The first man who brought out a machine capable of aofenal work was a Mr. Jambs 
Usher, of Edinburgh. His invention comprised a portable Eteam-engine, mounted on 
a framework, mainly snpported by a pair of broad fellow^Wls behind, and a front 
pair of wheels turning in a transom for steerage. On a 4uiBverM shaft behind, 
driven by toothed gearing*, and capable of being raised loweredr-wen fixed four or 
more discs or plates, each carrying three ploughs of a entuid ftn™! >0 anangSd that 
no two shares should strike the ground at the same mpmSBI. ^e resSstanoe of the 
soil was to form the motive power, all the power of the engine being epnoantrated on 
the revolution of the shaft. Mr. Ocarxx states that the maomne 1»llt by Hr. 
Slight, of Leith Walk, Edinburgh, was successfully tried du^ng the autumn of 1861 
and spring of 1862, and says it is certain that the propelUng a^ion of the rotatoiy 
tillers not only enabled it to mount inclinations which it could not oope with by the 
mere adhesion of the brood roller upon which it travelled, but that no part of the 
motive peiMer engaged in effecting the onward motion. Professor WxLstm spoke 
favpufably of the trials at Niddxy Main, near Edinburgh, in February 1862, Fiumer 
improvemegjbs were afterwards made, r^uciifg the weight from 6^ to 6^ tons, and a 
company wm formed to carryout the scheme, which in practical work doubtless 
proved unsuccessfiil. The travelling over land already disturbed would be a difficult 
and laborion^ process, and it is probable that wear and tear and breakage were ex- 
cessive. At any rate, the scheme wHs abandoned, 

A Canadian, Mr. B. BoMfiNiB, patented a steam cumvotor in 1858, which 
was tried by Mr. MscHf, and not successfully. Here horses were associated with 
steam ; the former drew the apparatus, whilst the power was employed to rotate the 
diggers* 

importance of thorough pulverisation of the soil induced Mr. W. C. Wrbm 
Hosxyx8,MJP., to patent his idea of a steam rasp. In all these schemes the assistance 
tlmt couldSbe rendered by Nature was forgotten, and, in attempting to antieiMte her 
work, tbe^ naturally failed. Reducing a solid wedge of clay to a condition of powder 
might bsspoBsible if the clay were thoroughly dry, although the power r^uired wcitld 
be enormous ; but when the clay was moist, such oper^ons would be impraeticable* 
And so, one after another, such schemes came to an untimely end. 

B 9 
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In the jeiir 1868 M. T. Riokmtt’s steam cultivator was tried at the Royal Meeting 
at Chester, and, operating on a sandstone soil in a dry condition, made a euocesefal 
trial. This oonsistod of a rovnlving digger attached to the tail of a locomotive engine. 
The tiller revolving in the opposite direction to that in Mr. Ushar’s inventimi, absorbs 
more power, but ns the soil was raised up in front of the axle and carried over by the 
tines, more thorough pulverisation resulted. There wore several ingenious arrange- 
ments, bub like its predecessors, this machine was never available for practical pur- 
poses. All those inventions combined the power and the implement in one frame. 
The next application we notice is Botdbix’s traction engine with endless rails. The 
principle was that the wheel, instead of resting on the ground, formed a broad cause- 
way, caused by the rail-pieces being upon the circumference of the wheel, which forms 
a continuous lino of rails, over which the wheel revolved. Ploughs or cultivators 
could be attached behind. The Government made use of this engine to move ortillery 
over boggy ground, and for a time auccessfiiliy, but the injury resulting from wear 
and tear was excessive. Nor must we omit a short notice of liieutenant Haikutt’s 
guide way system of cultivation, which consisted in laying down light rails at 30 ft. 
gauge, and carrying the cultivating implements on a frame, which supported the 
motive power communicated tlirough a number of wheels, thus distributing weiglt 
over space. In our young days wo had frequent opportunities of seeing the attempts 
to bring this system into a practical shape. Lieutenant Uaucrtt hired some land 
near London, and constructiri his maclnnexy; ns far as we remember, the wheels 
supporting the frame were either 16 or 32. Those were driven from a fixed engine, 
which occupied one side of tho frame, and the implements of husbandry were arranged 
underneath. As it would have been impossible to work so great a width at once, save 
for some very light operation, the ploughs were mtido not only turprest, so as to work 
in any direction, but also to slide across the frame, and so take consecutive bouts. 
Hoes were in like manner attached, and the workman was enabled to sit at his work, 
which was a curious arrangement, Imt nevertheless poesible to carry out. ^ 

It was proposed to carry water in a dry time, and by pipes and hose distribute it 
on the surface. 'When a stretch of land had been dulv worked, the vast machine 
was to be shifted by means of transverse rails on the headliind. There was much 
ingenuity in the scheme, but cost and complication condemned it. It was utterly 
beyond the roach of the tenant, and no landlord or company could be found sufficiently 
sanguine to take it up. Lieutenant Haukstt'b principle minus the fixed rails, was 
adopted by Mr. Grantham, C.E., who carried tha rails attached to the wheels, hut like 
the original this invention did not succeeii. It soon became evident to the iiien st 
tyro in steam culture that the weight of tho engine, and tho consequent power 
absorbed in its locomotion over soft ground, were insuperable objections to any 
scheme in which the engine drew the implomonts over the land. Botdhjj. Collin- 
soN Hall, Ushbb and Romatnr, are now almost forgotten, and the steam rasp of Mr. 
WrrnHosxtnb never took form. For many years the principle of hauling the imple- 
ments to and fro by a wire rope has been adopted. Originally the engine was stationary, 
the rope beii^ wound upon or unwound from windlasses, set in motion either by straps, 
or universal jixnt. This system, which is still practised, is known as tho roundahout. 
because the wire rope is carried round tho headland. The implement commences to 
work at the furthest point, movable anchors on opposite headlands conduct the rope 
by travelling round a fluted wheel or sheave in the proper direction. This was the 
original form in which Fowlbr*8 invention ^peared. Mr. W. Smith, whose apparatus 
was afterwards improved upon by Messrs. Rowabdb of Bedford, used claw anchors, 
which were shiftea as required by manual labour. Messrs. Fow^^ and» Co. soon 
made a material improvement in their machinery, vis. combining the engine and 
windlass, and making the combinatioir draw itself along one headland^ whilst *tho 
anchor travelled in a similar direction on the other. ^ 

As this plan is still employed occasionally, it may bo shortly described. The main 
feature consists in the clip drum windlass,* placed under tho boiler ima horisontal 
pontion. Instead of coiling on a barrel, the rope is gripped by a series of pairs of 
gripping pieces or cli|iB, which are eelf-acting : the force with which they hold the 
rope being in proportion to the tension or strain upon it.* The adyantoj^ of this 
arrangement are manifest. The implomont is drawn to and fro by an endless rope 
Travelling round the clip drum ana the anchor sheave ; less rope is required, tne 
strain on the rope is steady and equal, and we get our power employed with the 
minimum waste. This was tested at the trials in 1804, when a prise war offered for 
the best windlass and applieation thereto. We are indebted to Mr. Oxarxb’s report 
of Wolverhampton trinls for tho following illustration {jig, 2166),%howing a 
section of the elip drum, and the mode in which the jnws or clips operate omthe rope. 

A and B are one pair of the clips which surround the entire circnmferenco of .the 
drum ; the upper clip, a, hinged or eentred upon I he mnin flanoe, o a, and the lower 
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clip, B, upon A ring, d, which ii ticrewod upon the flange or body of the drum by a 
thread chaeed round its periphery. Thus, by slipping the ring, i>( part of a levulii. 
tion upon the drum, it is gradually shifted a slight distance higher or lower, with tJie 
effect of diminishing or iu- 
crensing the space between the 
centres of all the upper and 
lower clips simultaneously. 

The ring, n, is held in a re- 
quired place upon the drum, 
by means of bolts, b. By this 
power of regulation, the dis- 
tance between the centres of 
each peir of clips admits of 
regulation according to the 


regulation according to the 
diameter of the rope, a most 
imjiortant adjustment to suit 
a wearing rope. It will be 
Been that u^n the ropo leaving 
the jaws, tile pieces open out- 
wards, the lower clip, ii, being 
formed with a weight^ lip 
for tho purpose falling 
open, and at the same time 
raising the upp(^ clip, A, by 
nieann of tho tongue, f. The 
extent of opening is limited by 

tho stop, H, coming ajfpiinst the drum flange. Not only was this adjustment to regulate 
the opening of the jaws necessary on account of the wearing of the rope, but also 
owing to the gradual wearing away of tho clips themselves, which is considerable. 

It has never been actually proved as to the comparative friction pf the clip drum, 
or a windlass with the best coiling gear. On the whole, we are inclined to thi^ tliat 





rope lasts longer when coiled. The hug of the clip drum must be very trying. In 
the clip drum system we have an endless ropo, tlie two ends being attached to tlie 
implement. Were there no provision for lengthening or shortening the rope, only 
one size of fleld could bo worked ; consequently, in the frame of the implement ere 
two small drums, each capable of canying the necessary additional amount of rope that 
may be required. But this is not all. In order that the clip drum may work properly, 
that no undue friction occura, it is necessary that the tail rope should be kept at a 
certain tautness. Slack rope is very ob;|ectionable. To meet tms diffieulW a taking-up 
gear is attached to these drams, which is both ingenious and effective. The drums are 


connected with each other by pitch chains, spike wheels, and ratchet clutches in such 
a manner, that the pulley rope, uncoiling from one barrel, causes the other barrel to 
rotate, and to wind in tail rope at five times the speed. The smaller spike whe^s 
are thrown in and out of gear with their respective barrels by levers and rods con 
nected with the ploughman’s two seats at the opposite ends of the implement ; so 
that the act of the man’s seating himself reverses the gear of tho banels, and pre 
vents the strain on the pulley rope, to wind in the sla^ or following rope until the 
tension of uie latter becomes one-flfth that of tho former. We do not think an 


illustratiwn necgpsary, because ingenious and effbetive as this mechanism is, it is now 
se^ofb used, both it and the clip drum being to a great degree superseded by the 
double endues which, first shown by MIbsrs. Fowlbr at Worcester in 18fl3, 
have been greatly improved, and At present comprise by far the most important 
feature of their extensive trade. This firm was not the first to adopt the double- 
engine system. At the same show Messrs. Savory and Sow of Gloucester exhibited 
engines, in ^ich the boilers were encased by revolving drums, the latter supported 
by three pairs of friction roll As fixed in brack,ets on the TOiler; motion was given 
by a long crank shaft iffside the dram by pinions and internal gear. The coiling 
of the rope on the drum was regulated by means of ^ide rollers travelling along a 
rotating threaded shaft, which acted perfectly, the wire rope never getting lapped oi 
iqjurea 

The Bueeessfhl trial of these engines brought them into favourable notice both at 
WoreesteiMnd Newcastle, where they appeared for the second and last time. We 
conclude fhat, practically, they did not answer, as shown at Worcester, a higher speed 
was necessaiy for economical running than would be prudent without reducing gear. 
They appearM to work steadily, but more time was lost in slackening and starting 
than with Fowlbr’s engines, in which a horizontal dram ravolves under the boiler, 
the rope being regularly coiled by the action of self-acting guide pulleys, which 
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muHt be explninod ftirther on, Meesn,, Fowlbb made some extraordinary wurk, 
digging low at loiiet tw^lre inches deep. 

About this period activity exhibited by manufhcturers. The Royal 
Agricnltural Society feeling the importance of the iulnect, made steam eultivatioo 
the principal feature of theur highly successful show at NewQaetle-on-Tyne^ and it was 
generally considered that those trials took rank as the most valuable and important 
held up to that time. Great pains were taken to get satisfactory results, a large 
area of land was cultivated, systeipa were tested by having to execute a ^ven 
quantity of work. Draft and power were calculated, and yet the prize machineiy 
was abandoned in two or three years, being found unsuitable for any but highly 
trained workmen. The idea qdiich was thrown out at Worcester that both enmnes 
should work simultaneously, was seized upon by FowLnn, who produced hie New- 
castle seven-horse power engines, fitted with clip drums, and so arranged that they 
worked together. We reproduce an extract from the Judges’ Report : — 

* On Lot 2, Fowlsb worked two'seven-horse cylinder engines, acting simultaneously 
on opposite headlands. The engines are fitted with clfp drums, reversing gear, &c. 
ThU arrangement of pettier woe the novelty of the ehow. At Worcester double engines 
were first exhibited alternately in action. It was suggested that a great improve- 
ment would result if the engines tsould be made to work together. This was then 
considered impracticable, and yet in one short year we have the idea matured. A 
great step has been taken in the way of steam cultivation, which may fully be 
claimed as the result of that prize system which has been in some quarters so rashly 
and sweepingly condemned. AM now has this been brought about ? By a simple 
and apparently insignificant alteration in details : formerly the joints which connect 
the different lengths of rope could not travel round the clip dram. The fnction 
pulleys (which hold the rope up to the dips) being fixed in a certain position would 
cause w obstruction and consequenb^fti^re. Tlie four-hundred yard rope worked 
round rae clip drum ; the joints travqlnm round the anchor sheave, and tl^-' length of 
fuiT 09 »qpuld not exceed about 8A0 yards. These puUeys are now hung upon an 
uprij^i axis, and have a free motion which allows them to give way when a joint 
^passsff.^^ They are brought back to their position by the action of an india-rubber 
spring which connects them together, and which is strong enough to keep the 
pulleys properly pressing on the rope. This arrangement worked admirably ; and 
during Uic two days’ trials to which thofi engines were subjected, we never found 
that the rope exhibited any tendency to ’dip, so |^rfoct was the grip of the clip 
drum.’ w 

ti)uch was the deliberate opinion of the judges after a careful trial, fully endorsed 
by the public who witnessed the splendid and automatic-like work of these two 
engines, as they drew the col^valor to and fro at great speed. So satisfied was one 
of the sts^vards that hs forthwith order«d the Newcastle set. Why thon was it a 
failure ? Simply baeause it was found impossible to get drivers equal to the work, 
the utmost exactitude bshg roguived. "If one engine started or stopped before the 
other, the other would pull not the implement only, but the opposite engine also. 
What looked easy enough by the aid of aimals, was practically impossible, and so 
the Newcastle engines were relegated Cd lln^, where so many more bright designs 
have been oonsi^ed. Mr. David GbiM, one of the active partners in the Leeds 
works, turned his attention to perfeeiing the double engines, and his success has 
been great and deserved. Although clip drums and anchors are still nffade, most of 
the work both for home and foreign trade consists of double set|. It^would be 
beyond the limits of this article to detaib the various improvements made from time 
to time, by substituting steal for iroif whenever it was practicable, ^ improved 
driving gear, and more perfect coiling and slack rope arrangements. *The single 
cylinder engines ara veiV admirable. Wo propose to describe the windlass and 
coiling gear, and the mode by which locomotion is efifected. It is needless to say, 
that strength with lightness has been studied throughout, and that flo pains have 
been spared to secure areally efficient and durable apparatus. The horizontal ^um 
is placed under the boiler and turns upon a central stud.* It comprises a reel and 
two flanges, above the upper of which is cast the teeth gearing, through which a 
pinion on the upright ahedt communicates motion, the shaft being itself wiven by a 
pair of Imvel wheels from the crank shaft. When the windlass is out of gear, the 
slack rope is kept from paying out too fast, and thus causing extra work|)}y means of 
a simple friction strap, which is pressed upon by a ratchet, as shown ai^ described 
below. * 

We are amln indebted to Mr. Alobbstoit Ct.abxe’8 excellent report of t]|B Wolver- 
hamptem trials for our illustration {fig. 2166) and description of Uie rojpe drum and 
cdiling gear : — * The stud, b, which carries the rope drum, is connected by six bolts, 
A A, Bith a plate riveted to the outer shell of the boiler. The lever, c, carrying the 
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S lide palleyi, ie atUcM by a joini dr hiOffBi b» to ft irhidi*ewiTde round 

6 dram etnd or oentro, b» ID aft to allowor tbn win iqM bdte rib off and on with- 
out bend at reiyeoDeiderftble aiigloi with toe dtreetom traifilllaa by the engine on the 
headland. The oorreot ooiUig <tf the rope— a vexyimpoitoBt point as regards iu 
durability— is eilhotod by the guide puH^, o, h&Ting a How, yertical, reciprocating 
motion iiuparted to it hy a pin 
or die, B, trayening in the 


niously worked by atraid^of 
differential wheels. The spur 
wheel, J, which is fast upon the 
earn and the spur wheel, K, 
which LB fixed upon the stud, 
n, am of equal magnitude, 
with the same number of teeth, 
and engagihg with them are 
two pinions, o and i, cast in 
one piece, but the upper one 
having one tooth more than 
the lower one. These pinions 
are hung upon a stud pm attached to and carried round ly the rotation of the rope 
drum, so that the pinions are continually rollinglNiround the. spur wheels ; and the 
result of the vsmation iu cogging is that, as the spur wheel, K, is a fixture, every time 
the pinions perlorm one circuit they cause the spur wheel, J fand therefore the cam to 
which it is attached), to turn to the extent of ^ne tooth. This slow motion of the cam 
gradually raises the die or pin of the levHij^lD the inclined groove or thread — this 
groove raising the lever during one semi-reiSIto^n of the cam and depressing^lt during 
the other. The dotted linos indicate the lowest mvUution of the lever. Ths, movement 
is so timed that the cam lifts or sinks the guide rollers, three-ft^urths oi%n inch, 
or whatever may be the one thickness of the rope, for revolution ofjike 
drum, and the range and direction of the ^ide pollers thus coincide at all times with 
the progress either of coiling or unwinding. The rope when mnniug out is kept 
partially taut, and the revolution of th'^tout-of-gear drum restricted by means of a 
simple friction strap, l, and ratchet pall, w, which oealDs to act upon the strap when 
the drum rotates in the opposita direction for winding up the rope.* 

Wo offer no apology for this long extract because it would be iinpossible to explain 
tins ingenious and complicated motion in more fitting language, rormerly, the gear- 
ing wheel of the windlass was a portion the rope dRim^QftStlng i cansequqp^ly, when 
the teeth were broken either from accident being wom out, a nAe'drom was 

required at a cost of from 18^. to latterly, the toothed whtoT hat'been made sepa- 
rately, and bolted on, and in case of rengwid the oumf^ls touto *9^110141 ft rim 
costing under 6i. This is a great improvement, and witlf Dthtotoi&Ctt Ute^ons, we 
have Q very perfect engine, nov^ties may be noticed. The first has reference to 
the road gear. In steam-plough eogyjtor^nd ordtoary agricultural locomotives the 
driving wheels are generally made loose oia|te axle.'* Immediately inside each is a disc 
keyed on to the axle, in which are seven or etobt holes, snd one corresponding hole in 
the boss df each whe^ A pin is slipped into toe wheel, and passes through anyone of 
the holift in fj^fe disc, by which arrangement the relative movement of the driving 
wh^ls and shaft are the same. On turning a sharp comer the pin of toe inside wberi 
i8 removed, consequently all the driving is done by the exterior wheel, and the engine 
turns qufekly round, toe loosened whm being almost stationaiy. For toe ftb^e- 
mentioned engines this plan, though dumsy, is simple and the b^ ; but for engines 
that have much road work, and consequently are required to steer handily, an arrftnye- 
ment, invented by Mr. Bobbbts, and used in spinning machinery, called the Jack-m- 
the-boz, or differential motiot, has been most sncoessfhlly ftppli^, to compensate for 
the difference of modoirreqnired between the driving wheels. It is a beautiful though 
most pussliqg traw of wheel work, and many a good mechanic has foiled to under- 
stand It at once. 

Our illustration (JSgr. 2107) and description, from the pen of Mr.'BoBntt Nsvilus, 
will, we i|ope, make toe matter oompreheosible : — A is the oountershaft of a traction 
engine^ ^ving a spur wheel, b, which is loose on toe main axle, o. b has in it two 
bevel pihioDB, n d, in which gear two bevel wheels, b and r. a is keyed into toe shafts 
c, as is also the dnving wheel, o ; hence the relative motion of ■ a^ o are the same. 
The other bevel wheel, f, is rigidly connected with the driving wheel, Bi which Is 
loose on the shaft, o. When the strains on the wheels, o ands* ars sqBft)|Flift. dit* 


revdving'^mm* wheri^ plac^ 
under the drum, and Inge- 
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ferential motion takes place, and both wheels drire equally ; but immediately such is 
not the case, the bevel pinions, n d, come into play, and the motion required is at once 
set up. At times in practice it is convenient to dispense with this motion, and make 

both drawing wheels act toffether. A pin, 
therefore, is used, which slips into a hole 
in the boss of h, and passes through b and 
B, lliuB locking all togkher. Mr. Nbvillh 
has also fiivoured ns with a sket(di and de- 
scription of Messrs. Atulino'b improyement 
in the method of canying the crank, inter- 
mediate shafts, and driving axles of road 
locomotives (J^. 2168). This consists pri n- 


cipally in the elongation of the side plates 
of the flre-boxend of the boiler, thus aistri- 
buting the strain, diminishing the weight, 
and avoiding leaks and breakages so common 
in the old typo of engines with cast-iron 
brackets. The centres of the shafts being 
all in one plate, they cannot alter thoir 

Oonip.iw.tlng OOM. ^ho Bppor part of oaoh 

Side plate is stiffened laterally by curved 
plates fixed to the top of the boiler, between which and the outside plate Lbo crank 
shaft plummer blocks are bolted. 


Oompenmtlng Gkinr. 
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Elevation End \ ivw 

Bood LocomoUve Boiler with Wrought-lron Brookots. 


Double engines are constructed from 6- to 20-homo power. The former, which 
oonstituto a cheap set, were introduced three or four years since for light land, in 
order to meet and compete against the improvements efl^ted in roundabont systems, 
which will be shortly described. These small engines are marvels of power, and wo 
can imagine them a great success for light land, and highly suitable for large occu- 
pations, where there is plenty of work— threshing and hauling — during the winter. 
For these engines, by removing the drums and reversing the fore carriag&S, become 
traction engines, suitable for all sorts of form work. The most gonerallp useful 
engines, especially for the objects of hire, are the single cylinder li-horse pdwer 
nominal, capable of working to nearly double that pressure. Occasionallv 20-horio 
power engines are made, but, except forms are spec ml ly laid out with g%d roads, 
the weight is too great for headlands, and they are unable to travel when the lana 
becomes at all sticky. 

Although MeMTB. Fowlbb make if required foundabowt taokU^ and ^ave lately 
introdneed a horieontal iufkidlaBs, with coiling gear, an^ a semi-automatic anchor, it 
cannot bo said that they make such a speciality as is the casenrith Messrs. J. and F. 
Howabd, BiRFonn and Fbrxiks, and the Company recently established to manufacture 
Fisxbn’s patents. It is only iustico to the energetic tenant of Woolston, Mr. William 
Smith, to state that, although not the originator, he has been the promoter and un- 
tiring advocate of roundabout cultivation, ms own admirable operations being the best 
possible testimonial to the value of such systems properly carried out. Th^Bedford 
firm got their first initiation into the work by being employed to manufooture^SMiTH’s 
tackle. Barpoju) and Fbbxims for a long time, and poaaihly even now, fiimiah the 
Woolston Grubber with their machinery ; and the Fisxbit system, toough very dif- 
ferent in detail!^ starts with a fixed power and movable anchors, which so far agrees 
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iritli the original principle. Menre. Howabd have tried their haadi at double enginea 
and traction engines, -with windlass attached and separate ; but their success in con- 
nection with steam culture has hitherto been principally associated with a fixed engine 
driving a separate windlass, and working an Implement formerly throi^ the medium 
of a double snatch block and claw anchors, and latterly by automatic anchors of a 
highly ingenious description. ^ 

We propose shortly to describe their most modera improvements. The original 
apparatus required five men, in addition to porter-boys. Now an engine-driver and 
man on the implement complete the necessai^ labour, which is of great importance 
when it is remembered that steam culture is often most valuable at those seasons 
when manual labour is most in demand, os at hay time, harvest, or the hoeing season. 
The engine, whether fitted with traction gearing or only portable, is stationary, and 
drives the windlasses by a universal joint, the latter being so placed in relation to the 
fire box that the engine-driver can reverse the drums by means of a lever rod without 
leaving his position on the engine. The clutch gearing is so arranged that it is im- 
possible for both drums to be at work at the same timb. The winding drums are 
hung vertically on a horizontal axis, and are made to traverse a prescribed distance 
backwards and forwards by means of a double helix or cam cut in the shaft, a pin 
attached to the drums, and working in the helix, and differential wheels. This is very 
simple and efiScieut, the rope winding wiUi great regularity. A break working in a 
clutch on the side of the windlass prevents the too rapid (UHcharge of tail-rope, and 
the rope is guided both in drawing in and paying out two grooved iriotion pulleys 
fixed to the frame. The anchors, which are placed on opposite headlands, are moved 
forwards by the pressure of the hauling rope, and are perfectly automatic. The 
anchor consists of a rectangular iron frame, supported on four itiong disc wheels. In 
the centre of the off-side of the frame, and midway before the fore and hind wheels, 
and just opposite the rope sheaf, is a small vertical drum, capable of carrying 100 
yards of rope, the end of which is fixed to a dead anchor behind the macniue. A 
pitched chain gear is fixed on the inner side of the vertical drum, and carries a pitch 
chain, which runs over a small, smooth, and adjustable pulley fixed at the hind part 
of the frame. A hook is attached to this pitch chain, and this hook, edming in contact 
with a stop bar, at once arrests tlie traverse of the pitch chain, and looks the drum. 
It will be evident that if the bar is drawn back so that the hook is released, the strain 
of the ploughing rope on the anchor sheave will cause a quantity of headl^d rope to 
be unwound, and the forward motion of the anchor will ensue, provided the pres- 
sure of the ploughing rope is sufficient to overcome the resistance of the soil. The 
pitch chain is allowed to make one revolution, until the aforesaid hook comes once 
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more in contact with the bolt stop, and consequently the distwee traversed at each bout 
of the implement depends upon the length of the pitch chain, which can be increaeed 
or diminiw^ by altering the position of the small pulley round which H runs, and 


w 


AOBIOITLTIJRAL MECHANICS 


taldng up Of letting out liske. Thng the traTorae of the anchor ii regulated accoiding 
to the of implement that ie used. 

All that remaine to explain ia how the stop-bolt ie drawn back and replaced. This can 
but be done bj the aid of the diagram (^. 2169), whi^ ehows a plan of thesheaf wheel, 
etop bar, headland rope, pulley, &c. l^e pitch chain ie repreeented ae looked. The 
implement hae just reached the headland, and is about to commence its return journey. 
The first efibct of the straining rape, by causing the sheaf 4o rsTolve in the direction 
indicated, brings the friction pulley, a, into contact with the lever fork, 6, attadbed to 
bar, which is consequently drawn back, liberating the pitch chain, and the 
tension of the dead anchor rope causes the drum to let out sufficient rope to ^ow the 
anchor to traverse the neeeasai 7 distance. The first effect of the strain of the hauling 
rope, when the implement is being drawn towards the anchor, is to replace the lock 
bar in position. The anchor commences to travel, being actuated by the pressure of 
the haiding rope on the sheave, and no longer held back by the dead anchor, until 
further motion is prevented by the hook on the pitch chain meeting with and closing 
on the stop bar. The spring pulley, passing over the lever fork, causes a little click, 
the friction being too slighf to have any wearing effect. Of course, this depends on 
the tension of &a springs, shown at a, which should be ve^ light. The anchor is 
thus perfectly automatic ; all that the ploughman has to do is to adjust the steerage 
from time to time according to inequalities in the headland. The objection to this, 
and all other anchors dependent for progrewion upon the strain of the hauling. rope, 
arises from the fact that when the land is light and the obstruction, therefore, to the 
movement of implement at the minimum, it occasionally happens that the pressure 
of the rope is^^ sufficient to overcome ^e weight of the ancW and the resistance 
from friction MthWisc wheels, and the implement travels whilst the anchor remains 
stationary. ‘We da not think this difficulty is of frequent occurrence. When it occurs, 
the anchor must be unloaded and made as light as possible, and something can be 
done ill Ike way of assisting by cutting trenches for the disc wheels to tr^el in. 

Messrs. Barfouo and PaaxiMs of Peterborough occupy a prominent poeilion as 
manufacturers of cheap roundabout tackle, which may be considered their speciality, 
as they have never attempted double engines. Their idea in devoting attention to 
the subject was, that however admirable the action of double engines might be, tlie 
heavy outlay and the absence ef sufficient area to render such outlay profitable, would 
prevent their adoption by the majority of occupiers, whereas if a cheap system could 
be devised which could be worked % an ordinary portable engine, steam culture 
might be open to all. The result is a very practical application, comprising a 
single cylinder engine of the ordinary type, and of eight- or ten-horse power. The 
last time we carefolly studied details, viz. at the Chester show of the Manchester and 
Liverpool Society in the autumn of 1673, an eight-horse power engine of Messrs. 
CLavTOX and Shuttlbwobth's was employed. The windlasses which are placed in 
foont are driven by pitch chain gearing, which when properly made and working 
with considerable play, is found veiy superioz to a strap, ana mere at^justable than a 
shaft or universal joint. The speed is regulated according to the nature of the loud, 
by the proportionate dimensions of the pulleys on the engine and windlass. Thus, 
for strong land where a slow speed is desirable, the driving pulley attached to the 
crank shaft on the opposite side to the fly wheel is 12 in. in diameter, whereas the 
pulley on the shaft of the windlass frame is 18 in. ; whereas for light soils uniform 
pulleys of the larger size are adopted. It was at first thought tha^ considerable 
loss of power would result from the use of the pitch chain, but experience has proved 
that when kept sufficiently loose this is not so ; possibly there may be addlliomil wear 
on the shaft bearings, owing to the weight of the chain. But this is not a serious 
matter, and we have reason to believe that this application is satisfactory. 

In order to economise labour, and allow of one man attending to both the windlaaa 
and engine, a light endleaa hempen rope passes round the engine and windlass, carried 
on friction pulleya, and terminating at the valve handle of the boilfr, ao that the 
attendant, by pulling rope either to right or lejt» can abut off or turn on steam 
without leaving the windlass, where his presence is required to throw either windlass 
in or out of gear. This ingenious oontnvance will be more clearly and re^ily under- 
stood by reference to the subjoined plan (^. 2170) : — 

aaaaaa represents the rope attach^ to the steam valve handle. The wind- 
lass frame of iron is carried on four wheels. The brocket, carrying the drum spindle, 
consists of a stro^ easting fitted with gun-metal bushes. The drums a^ buug verti- 
cally. The friction brake to check the delivery of slack is simple anA efidcacions, 
comprisiiig a lever acting on a flange 8 in. wide. The brake is formed out of eight 
blocks of wood iSuitenea to a strong iron hoop, and acting on about one-third of the 
under surfoce of the drum flange. The drawing (J^. 2170) will give an idea of this 
truly simple and efficient apparatus, a is the lever handle, d the weight, which can 
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b« ^lifted alonff the handle according to the amount of preuuM rMiiired. e it the 
break bfuid. When preMure is required, the lever handle ii nleaflea bj jramoving a 

2170 



supporting pin, shown at d ; the weight causes it to descend, thereby bringing up the 
blocks against the flange, and thus any amount of pressure is secured. In practice 
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this simple arrangement works admirably ; all that the attendant has to do is to take 
up the lever handle and fix it at tho proper point when the drum is hauling, and to 
set the lever free to act upon the drum, which is paying out. 

Messrs. Babfobd and Pbbkims manufacture and employ an improved form of 
Campains anchors, of which the following illustration, by Mr. J. A. Claekb. will 
explain the principle (Jig. 2172) : — 

The anchor consists of a strong wooden borisontal frame, mounted on four ordinaiy 
anchor discs and rollers, aqd carrying tho rope pulley, a, in tho^ front ps^ which, .as 
will bo seen directly, lias an important effect in Inland ng the weight, hind axle, 
e, is a strong shaft carrying two sets of diamond-pointed tines, four in each set, no 
arranged that two tines shall bo in the ground at once. The axle carries the hind 
dibc wheels, and also a ratchet, marked <£, into which drops a catch on the, under side 
of the long lever handle, e. When this handle is raised so that the catch* is above the 
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teeth of ratchet, the strain of the hauling rope tends to draw the anchor along the 
headlandi 'The tinee being embedded in the soil cause the axle to revolve, and^ the 
motion continues until the lever catch drops into the ratchet, placing & oi 
bolt in oe^in holes, the lever can be made to pass over one or more teeth, and so a 
greatw or lees distance can be traversed according to the width of implement that is 
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boing used. When the implement reaches the anchor, either tlie plonghman or the 
porter-bojr, if porters are employed, raises the lever handle, and alters the itosition of 
the pins. The anchor, thougn now released, remains stationary until the implement 
commences the return journey from the opposite headland : then the strain of the 
hauling rope effects the operations we have described. The anchors are provided with 
a weight Imz in the frame (not shown in the illustration), to be loaded or not accord- 
ing to the resistance of the soil and the proportionate strain on the rope. Such was 
the anchor up to the spring of 1876 ; all but automatic, yet not entirely satisfactory, 
the strain of the rope acting on one side only of the rope pulley, having a tendency to 
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Jl Tlio rope. B. Wooden ball. 0. Position of lever oonnooted with mtohot hind oxic. D. Altered 
position of levor when oifeoted by the ball, B. 

draw the anchor in one direction. Moreover, in light land there was a difficulty in 
always making the anchor travel. The oltmratiou consists in the introduction of a 

wooden ball attached to the rope at a 
2174 certain point. This ball not being able 

to pass round the sheave, causos the 
rope to bo hold fast, and the result is 
a direct pull on the anchor, which 
must travel. Moreover, by making 
the rope pass through a movable guide 
in front the anchor, a most powerful 
means of steerage is obtained, the 
anchor being able to follow the angles 
of a zigzag fence if necessary. The ball 
effects another important object : it 
actuates a lever, which raises the clutch 
of the ratchet and liberates the tines 
by which the anchor is Imld in posi- 
tion when stationary. 'The accom- 
panying plan {fig. 2178) will explain 
the action of the ball. A silver n^al 
was awarded at the Taunton Show of 
the Eoyal Agricultural SMiety. 

In working the machinery a frame 
containing a pair of Rouble snatch 
blodu is fixed about 20 yards in front 
of theVindlasB. The frame is of two 
portions. The inner one, to which the 
pulleys axe attached, is movable by 
mrans of a traversing screw. The 
object of this is to assist in the coil- 
ing of tlif rope on the drums, and pre- 
vent the rope leaving the drums at 
an angle. The annexed figure (2174) 
gives an idea of this simple and inge- 
nious arrangement, a is the traversin ^ 
■crew, actuating the inner frame, bbbb, which carries the pulleys, dd ; < 
frame. The two bheaves are 2 fu 7^ in. in diameter, aud the small puUty between 
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th«in, which prevents the ropei leaving the grooves, if 8 in. in diameter. One rope 
turns at right angles towards the anchor on the near headland ; the other is carried 
across the field on porters, or not, according to circumstiinoes, to the opposite tinchor. 

Messrs. Babfobd and Pubkins recommend that the engine should be fitted both 
fore and aft with a traversins screw, which 
allows of the body being shitred within cer- 2175 

taiu limits either to right or left, wiUiout 
altering the position of the wheels, an appli- 
cation which facilitates the fixing of the engine 
for work. The accompanying sketch (jUff. 2176) 
ehows the front traversing screw. Emough has 
been described to give our readers a general 
idea of the simplicity aud elficiency of the in- 
ventions of the Peterborough firm, and to show 
that they have attained their object, v\z. to 
bring steam cultivation in a practical and 
ecunumical form within rearh of the farmer 
who employs a portable engine. 

Our notice of steam cultivation maebinery 
in u<ie at the present time would be incom- 
plete, if we omitted to describe what is 
commonly known from the name of its in- 
ventor, 08 the ‘ FisKKy ’ system. A name, by 
the way, that was previously familinr to us 
as the author of the balance frame, for ploughs 
and diggers, adopted by Messrs. Fowi br and 
Co. The principle of the ‘ Fisbun ’ system 
is the oonveyanco of the power from the 
engine by a light rope travelling at a high 
speed, its transinissiou to the implement by a reduction of fast to slow speed, through 
travelling windlasses, and the ordinary wire ropes. This necessitates some com- 
plicated arrangements of the windlass. Thus we have the light rope taking a turn 
round large pulleys, and then again communicating the force so received by gearing 
wheels, and converting it into a slow motion of the windlasses which draw the im- 
plement to and fro between them. The machinery of the windlass is highly in- 
genious, and capable of be ng sot in motion or arrested, ^uito independently of the 
engine which drives the light rope continuously. This is held to be a meritorious 
feature, as the system is capable of being applied to a fixed engine, or the engine 
can 1)0 sot down anywhere that is most convenient, near a pond for instance. And it 
is quite immaterial whether it is within sight of the work. The windlasses travel 
forward on the headland as required by the winding in of a headland drum — ^preeiselpr 
m the same manner as Fowlbb’b original anchors. The merits or demerits of this 
system depends upon three points : the durability of the Mwiilla rope, which travels 
at from 28 to 85 miles an hour ; the comparative loss from friction owing to thii 
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mat speed; and the proportion of manual Inboiir employed. That it is higlily 
iDgoniouB requires no argument : that it i<i capable of doing willi the same implumi uts 
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^ually good work m any other ^atem ia also abundantly proved, and that the pzloo 
ia not unreaaonalite. In order to arrive at some concluaion, it will bo neceasAy veiy 
briefly to deaoribe the principal featurea. 

The plan of working will be beat understood by reference to the foregoing 
plan (Jig. 2176). A 10- or 12-hor8e engine, either portable or traction, is usually em- 
ployed— fitted with a grooved fly wheel, suitable for reception of a rope | or { in. 
in ^ame«er. The rope is led a^ree-qnarter turn round the fly whpel by means of a 
small ^uide pulley which is attached to the fore carrioge of the ennpe, or if the fly 
wheel IS at the reverse end, i.e. over the fire box, it can be ottachoa below. Behind 
the engine and securely fixed is a tension anchor by 
which the rope can be tightened or slackened acnord- 
ing to weather, &c. The rope is supported on fric- 
tion pulleys and carried about 3 fb. 0 in. above the 
ground. These pullies are attached to strong stakes 
driven into the ground ; they are of two forms os 
shown (Jig. 2177). 

The angles are turned over large pulleys mounted 
upon light two-wheel carriages, which are secured by 
two chain8*to bars or pegs driven into the ground. 
As shown in the plan, the endless hemp rope 
always running in one direction, then takes one turn 
round the riggers, k and f, of the travelling wind- 
lass, o, thence round the corner anchors, at the ex- 
tremity of the fiidd, and so on to the second windlass, 
1 ., whore it in like manner takes one turn round the 
riggers, k and j, and round the comer arches, m, it 
reaches the fly wheel. The pace is, as has been 
said, from 28 to 35 miles an hour ; so ^ong as the 
pulleys are properly set and koptw^ lubricated, the 
friction is not excessive, as the rope is light ; but 
one could easily imagine serious results both to the 
rope, and the ^afb, if the pulley got out of order. 
The strain upon the rope is very unequal. Thus, 
whilst the windlass, l, in a gear drawing the imple- 
ment towards itself by means of a wire rope which is 
being wound on to a drum, the portion of rope run- 
ning between the windlass and the engine has nearly 
all the strain, t e tension in the rest of the rope 
being slight When the other windlass is at work the 
strain is distributed over a much larger surface. Whether ibis inequality would lead 
to fracture when the rope begins to wear we cannot tell, but it seems probable. As 
we have said, the windlasses are complicated machines. 

The following admirable drawing [fig. 2178) is extracted from Mr, Claiuu'r report 
of the Wolverhampton trials 
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It will be seen that the framework is trian^lar, carried on 4 wheels, which, 
however, are not disc shaped, but have ribbed tires. The resistance to side droit is 
secured by means of a spade fixed in a strong bracket and let down between the 
liind wheels. The rope dmm, a, 4 ft. diameter, is placed under the fram£ Motion is 
communicated ftom the driving rigger, n, to an intermediate shaft by means of a 
friction belt acting on a cone, thence to the rope drum by gearing : the intermediate 
shaft carries two pinions, one of which drives the small drum on which Uie headland 
ropo is wound. The rope drum, a, is hung upon a stud or shaft which can be turned 
eccentrically, and thus by means of the lever, v, the drum spur wheel can be 
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thrown in and out of gear with the pinion 
Its moaon when paying out rom, howerer, 
round the upper floi^ of the uum ; this 
strap being caught and held by a pall and 
ratchet which cause the break to operate 
only when the drum is paying out rope. 

.'The action is thus described by Mr. 
Clabkb : — * Upon the implement arriving 
nearly at the windlass, the anchor man in- 
stantaneously releases the dutch, e. by the 
hand-wheel, x, and then ivithdraws the 
drum out of gear by the lever, l. The other 
anchor man, at the opposite end of the field, 
immediately upon finding the roM cease 
to pass off his windlass, sets the ^um in 
gear and screws his friction clutch tight, 
and the implement begins its return jour- 
ney without any delay. The windlass can 
be moved at any time, being put into motfon 


on the axis of the intermediate motion 
is restricted by means of a friction strap 
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Flan of ipade. BocUon. 

from the intermediate shaft.’ The atten< 


dants at the windlasses must be active, intelligent men, and we have four bands 
employed as gainst two in Howard's or Baufoud's systems. Within the last two 
years — that is, in 1865, a company was formed to work Mr. Fibxbn’s patents, of 
which he was made managing director. We have no information as to results. It 
must be borne in mind that a considerable time is occupied in shifting from one piece 
of work to another, principally owing to ^e necessity of care as to the fixing of the 
friction pulleys and side anchors. 

Having thus described some of the more prominent modes of applying the power, a 
word or two as to the relative advantages. Where farms are extensTve, and fields 
large, and either entirely on the farm or partly by hiring ont, something like 1,600 
to 2,000 acres of cultivation once over can be effected, the double engines will prove 
most Advantageous. The work will not necessarily cost more to do — and great value 
should be attached to the saving of time, owing to greater power and effldenoy. 
Where farmers who are on a smaller scale do not care to keep their own tackle, bnt 
employ steam tackle on hire, the double-engine system has immense advantages, both 
in the rapidity with which they can be moved from place to place, the sl^ri time 
required to got to work, and the rnpidity with which work can be performed, uuch 
has been said for and a^inst the hiring-out system. It has already been largely tried 
with varying success : given large fields, tolerably level countiy, plenty of work, and, 
above all, good management, sufficient money can be earned to pay a good percentage. 
Wet seasons are, of course, unfavourable. The great weight of the englnee reodere 
them unwieldy on soft headlands. It is a great convenience to the public to have the 
moans of really effective cultivation within reach without the heavy capital required 
to purchase. An objection is often urged about the difficulty of suiting customers’ 
convenience. We have not found this at all serious. If each double-engine set, 
say with H-horse power engine, can average 7601. per annum gross eaminga it 
will pay, with proper management, 15 per cent, on the original cost, of which 10 per 
cent, should be put by to meet depredation, which is a heavy item. However benefi- 
cial steam cultivation by hire may prove, a large does of farmers will prefer to have 
their own todde, so that they can make use of it at the right moment. 

The in^raductionof traction engines, suitable for threimiDg, grinding, and dra'wing 
loadealong good farm roads, renders the possession of cultivating machinery still more 
desirable thiaa when so much time was occupied and so many horses employed to effect 
a shift. The former who occupies 400 acres of arable land requiring deep cultivation 
should well consider the comparative coet and efficiency of horse- and steam-power ; 
we are quite satisfied that if a wise man the result of nis deliberation would be in- 
vestment in steam under one or^ther of the forms we have described. We have a 
word or two to say as to the nature of steam-driven implements. In early days more 
attention was paid to ploughs and nloughing than at present. The balance plough of 
Fowxbe, with one set of breasts always in the air whilst the others were at work, 
made and makes excellent work ; and if the breasts are removed and open forks 
substituted, we have a still more efiioient digger, with which strong land can be 
advantageoiMly dealt with in the autumn. Expmence has long proved that it ie not 
always or often necessary to invert the surface. The breaking up of the soil to a 
depth of nine or ten inches by means of a cultivator effects all that is desirable for 
cleaning operations, and on all soilsof a medium or light nature this plan is genenlly 
followed. Balance frames are found objectionable in some respects. The 'weight of 
the portion suspended tends to equilibrium ; and hence we have a jerky motion and 
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unerea depth, which !■ especially noticeable in crossing ridffe and furrow. Mi. 
WiixiaM Smith was the first to invent a cultivator frame which could be turned 
round at the headland like a horee-driven implement : this was effected by his oele- * 
brated turning bow, a very simple arrangement, which he patented and allowed the 
use of only for a heavy licence. In the year 1868, at the Leicester Show, Messrs. 
Fuwlbr and Co. received the prize given for an implement best suited for steam culture 
or a new cultivator, which was Afterwards much improved upon, and hu long ranked 
as the most perfect cultivator we have. The principle of this most efficient implement 
consists in the main axle being cranked and so connected with the xtme-attachment in 
front that when about to turn by the tightening of the hauling rope from the opposite 
engine, the first effect is to depress the travelling wheels, or in otner words raise the 
cultivator upon the axle, and thereby lift the tines out of the ground by a half turn of 
the crank. A lever handle within reach of the attendant is at this point brought into 
connection with the nitchut teeth upon a segment on the axle, and the position of the 
teeth clear of the ground is secured until the lever is removed, t.e. until the implement 
is fairly turned round and ready for its journey. 

The following drawing (^. 2180) and short description is taken from Mr. Ciarkk's 
report of the Wolverhampton Show : — 
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The hpokes of the travelling wheels are omitted, as well as the driver’s seat. 
•Strenng is offoeted by locking the front wheel, b, either to right or loft. This wheel 
is attached to the frame by moans of a ring, fore*carriage turning upon friction balls ; 
it is actuated for steering purposes by means of two chains, c, and a pinion, short 
upright shaft and hand-wheel, d. The draught ropes are hooked to a large Y-shaped 
lever, 0, connected with the main frame a strong stud or pivot, h. It may be men- 
tioned that since the Wolverhampton trials it has been found necessary to much 
strengthen this lover and the portion of the frame on which it plays. The ibrk, o, is 
free to move horizontally upon this stud aa upon a centre. Whilst th# pulling rope 
holds one end straight, the other arm stands out sideways, leading the taarope clear 
of the implement. The short end of the fork behind the foot, h, is attached by a short 
chain, i, to the segment, 9, * On arriving at the headland the rope, f, begins to\)u11, 

producing four snooessive effects. The fork, o, in being turned at right fihgles to the 
implement, first tightens the piece of chain, i ; the segment and axle are^us turned 
part of a revolution, the cultivator is raised upon the axle, and the tines lifted clear 
out of the ground. Hatchet teeth upon the segment being hold by a* catch on tlie 
lever handle, x, retainJJie cultivator suspended out ^ work until the attendant (who 
has a seat on the back part of the implement, not shown in the drawing) pleases. In 
the next place the short piece of chain, l, which connects a link slioitig along the 
cross-bar of the fork, o, with the transverse ring of the steering wheel, is ughtencMl, so 
that the steering wheel is turned in a sideway direction, in readiness for running round 
the semicircle requisite for turning the implement. The continued pull of the rope, f, 
then hauls the emtivator end for end, at the same time (owing to thf position in 
advance of the hauling engine) wheeHng it round upon fresh ground. Ani, lastly, the 
rope, F, having brought the fork piece again to its place over the fore-carriage, mm 
tiie implement along its new journey, the rope, a, becoming the toil rope hmd out by 
the fork arm in the line of the encoding course. The return of the fork to its front 
pOHition loosens the chain, i, leaving the segment free to turn, and to lower the 
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ottlttv&Utf when the attendant looeea the oateh, whieh he does by pulling the 
handle, k.* 

The whole prooeee oceupiee only a few eeoonde, and ie effected without the drirer 
leaving hie seat, or the miesing of land at the hhadland, whieh ie more or leaa nn- 
avoidi^le with balanoe implements. We have described this implement minutely, 
because it is undoubtedly at the present time that which is most suitable for steam 
cultivation. The tines can be fitted with different shaped feet, wide or narrow, ao* 
coring to the work, and it will be seen that they are so arranged as to oover the 
wheel traeks. 

Messrs. Howanns have recently introduced a very similar implement, differing 
slightly in some of its details. In the machine which was shown at Bedford the axle 
was str^ht ; it is now cranked, and 'on the inside of the wheel naves are strong 
ratchet teeth, a clutch being welded in the crank axle. When the implement reaches 
the land’s en^ and the strain from the opposite engine or anchor be^ns to operate, 
the first effect is to raise the teeth by drawing back the wheel and altering the posi- 
tion of the crank , the second to cause the clutch to fall into a tooth of the ratohet, 
and so lo(^ the wheel on the side nearest to the rope ; the third effect is to cause the 
cultivator to turn round, the locked wheel acting as a fulcrum. We have not seen 
this implement at work, and therefore cannot speak poeitiveW as to its efficiency. 

Heaping machinery was little known before the Great Inhibition of 1851, whan 
two American inventions by MdOonicox and HtrssBT were exhibited. The devekp- 
meut of an implement that now oceupiee thousands of hands in its manufiictare is 
an apt illustration of the infiuenee of demand. Although the Americans have sent us 
so many inventions ii this direction, to them belongs not the credit of origination. 
Years and yenre before the time mentioned the Highland and Anicnltum Society 
a'wurded a premium to the Bev. Mr. Bhll, of Oarmylie in Forforshire. This was in 
1829, and we believe this machine was working for many years on Mr. Baix’s fiunn, 
unnoticed by his neighbours, and unappreciated, because up to that time there was no 
groat necessity for either superseding or supplementing manual labour. We have no 
reliable information as to the question of priority of invention. It is, however, gene- 
rally supposed that both McCoamex ana Hussbt owed sometiiing to the SMtohman, 
whose brain alone was responsible for this veiy excellent invention, flip' excellent 
that, in after years, when the old machine was brought to light — taken out of a barn, 
we believe, where it had lain neglected and well-nigh forgotten — and put into compe- 
tition with the newer inventions, it beat them all ; and was so succesi^ that a well- 
known firm, Messrs. Crossxiix and Sons undertook the manufacture of the impgroved 
Boll reaper, which in their hands, and that of the Beverley Iron and Wagon is» 
we believe, continued to this day. If Scotland claims the credit of invenung, it was 
American enterprise that pushed the trade ; and we are certainly largely indebted to 
that enterprising country for the present advanced position <Kf both reaping and mowing 
machineiy. Those who saw the first American reaper in the Exhibition of 1861, and 
contrast it with the machinery turned out by such firms as Hornsby, Samvblson, 
Bubqxss and Ebt, Wood and Co., will understand how great has been the progress 
made. Amongst all the extensive range of ngricultural machines, we know of none 
that have proved so thoroughly successful as reaping and mowing implements. Not 
onl^ is there a direct saving of momy by their use, but the greater expedition with 
which the work can be done is of immense value : latterly, the scarcity ot labour has 
rendered it im|u»ative to adopt machinery. 

We shall v^ briefiy trace progress of invention to the present time, and then 
allude to some of the best known machines. Ths principle in all this etoss of 
machinary is that the cutting power, by whatever mechanism, should come originally 
from ths revolalion of the travelUug wheels, and the further motknis, which have for 
their object the direction of the com as it is cut and the removal from the platform 
to the ground, are derived from the same eouree. The peculiarities in Bull’s 
.machine consisted in ths euttiog apparatus comprising a dosen or more of large 
scissors. The upper blades being ^ed, the lower moving backwards and forwRias, 
and cutting the stems that eame in contact with them. The bolto by whieh they were 
attached to the main bar Ibrmed the centres in which they moved. The tails of these 
blades were fre<4y jointed to a movable bar, actuating badcwoids and forwards. 
This bar rsiHeived motion through a connecting link fixed to it at one end, and being 
attaebed by the other to a lever, at the opposite end of which were two rollers, 
rungiM betwe^ a revolving cam or oMioue w on a small roller, which was driven 
from ifis trovAling wheri. The action of the cam caused the reciprocating motion 
neoessaiT to work the scissors ; a strap from another pulle]r on the same shaft turned 
a cross raaft at some height tiom. the gronnd, on whim a rigger allowed a eross strap 
to drift ths arms or fans in front, which act an important p^ holding the heads of 
the eem whilst the tail is being cut, and then directing the severed product on to a 
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travelling ^tfbrm oovered with webbing, by which it wae deposited in a oontlnnont 
swathe on one side. Thus we have three distinct operations, motions for which are 
obtained from, the same source. The cam motion for producing the badnmrd and 
forward action of the sdseors has long given place to a cross sh^ and crank, which 
is much less liable to suffer from friction, and by which a much quicker stroke is 
obtained. In Bell’s machine the horses were harnessed to a pole foom behind the 
machine, consequently they appeared to push instead of pull, although of course in 
reali^ they drew from the collar. There is an advantage in this amngement which 
is still made use of in the Beverley machines. The reaper faces a crop without 
jmporation ; and as the delivery can take place from either side, there is a power of 
aealmg with partially-laid and tangled crops and facing the wind, which is special to 
this arrangement; where the fielde are large and the surface level. The improved 
Beverley reaper is still in favour, and may be yet seen on the Yorkshire wolds ; 
but the great weight, serious cost, and necessity lor the attendant, who caUnot ride 
as in tlie more m<^ern machines, having to walk hard all day behind his horses, are 
great objections. Moreover, in the larger machines the width cut is so great that a 
very heavy swathe results; and whore, as is often the case with oats and sometimes 
with wheat, the corn requires drying before it is tied up, the great mass is not so 
easily affected by the sun, and if rained upon takes longer to dry than when left in 
convenient-sized sheaves. We have said that neither of the original American 
inventions were found so efficient as Bell’s reaper. In McCobmick’s machine, 
which, with its large rake reel and obliquely fixed boards and rigid platform, created 
such H sensation at the Exhibition, the corn was assisted on to the platform by the 
sails, and from thence raked off by an attendant, who had a seat provided for the 
purpose. Thus two men were required, and so far the American invention was not 


so complete. The great advance was in the arrangements of gearing and the nature ot 
the knife, which consisted of a serrated blade, at first straight, but afterwards waved, 
and passing through pointed sheaths now called ' fln^rs.’ Wi^ regankto the gearing, 
we reproduce an illustration (Jig. 2181) given by Mr. J. 0. Mortoe in hia article on 

reaping machines in the 
2181 C^clopadta of A^ricul ture^ 

wheel, nMessary in o^r 
to secure the requisite 

speed, drives a fourth wheel, on the vertical shaft of which was the crank, e, which 
produced the necessary reciprocating motion to the knife. In theesam principle, 
which actuated Bill’s scissors, considerable friction was unavoidable; qpd, moreover, 
although it answered for the comparatively slow motion of scissors, would have been 
useleia for a rapidly moving blade. • 

MoOobiock’s knife was highly successful, and it was generally iflowed that the 
work was well done. The late Sir H. M. Thompsoe, in his report to the Boyal 
AgrioultnPal SocieW, speaks as follows : — 

*Id the report of ^e implements shown at the Great Exhibition* published in the^ 
Bogal JgrioidtmrU Bocutv** Journal for 1851, it iras pointed out that MoOobmicx.’b 
machine had a straight-edged cutter, which had a tendency to press down and psEs 
over the con instead of cutting it, unless it stood perfectly upright or leaned towards 
the machine. This was considerably aggravated % its not cutting near enough to 
the ground. In tke HoCbmiicK’s reapers which have come under the repi^r’s 
notice this year, the straight cutter has been replaced by one with a |eollopM edge, 
and the marlines are also set lower : hence a material improvement iSpObservable in 
their action-Hfftdsof, the ovtting principle leaves lUth to be desired The straight outter 


it to saw throngn straw ; but the scollop^-edged cutter now introduced consists, in 
fact of a series of knives, differing from Hussey’s in the very different angle at which 
they work, as well os in having a sickle edge.' 
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The pecsaliarity of HtJssBT'e rmer eonsieted ia the abeenoe of all meohaniBm for 
coUactiog the com on to the platrorm. It comprised only a frame for the outtiog 
Apporat!^ a seat fbr the workman, and a platform to receire the oom. The attendant, 
furnished with a long-handled rake, placed it in foont of the ears that were being cut, 
and unshed the grain on to and off the platform, leaving it in sheaves ^juhind the track 
of toe machine, these havinn to be removed previous to more work being done. The 
outtin^ arrangements demana a short description. The travelling-wheel had ribs on 
its pwpherv, giving a better bite ; it contained an inner spur wheel, cast separately, 
and screwed on to its rookes, which, by meant of a pinion and bevelled wheels, gave 
motion to a shaft which ran in the same direction as the machine ; a crank on this 
shaft gave the oecillating motion to the machine. The knifo consisted of sections, 
which met the guards tl^ough which they worked at a very acute angle. Hence their 
great liability to clog, especially when the corn was at all damp. The following 
drawing explains the nature of the knife, crank, axle, and ^aids 2182). When 
the corn was thoroughly dry, nothing could do better than Hussxvb machine. It was 
light of draught, having so little lumber ; cheap, from the absence of complicated parts, 
and therefore available for small occupiers. It took wonderfuUv in the north of Eng- 
land, and was the parent of many use^ machines which are to be seen at the present 
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day, but whicli are gradually giving way to self-deliverers, principally on account uf 
the labour difficulty. It is a serious evil to have to handle the sheaves twice, which 
is necessary if the oom is green and contains clover. IVe all know the advantage of 
early cutting. Manual-delivery reapers have a tendency to delay operations, in order 
that this extra work may be avoided. Nevertheless, on small farms where horses are 
few, and in hilly countries, a light serviceable machine of this kind is still very 
useful. 0 ^ 

Messrs. Btt^bsb and Co. of London adopted MoGormicx’s machine, and made a 
great improvement by the introduction of the screw platform. This comprised three 
rollers |llBC8d obliquely across the machine, with a raised screw on each, made to 
revolve m such A manner that the oom was delivered with great regularity at the side, 
and left so light and hollow, resting as it did upon the stubble, that the air had free 
vent under, and even moderate rain did not necessitate the swathe being turned. The 
^tion of the seAws was further assisted by a cone-shaped divider, also made to 
revolve. Far some years this moohino stood out os far superisr to any others ; the 
drawbacks were sice, which was too wide for ordinary gateways, and weight, necessi- 
tating three horses if the land was at all soft. In 1866 Mr. Thomas Fabbimotov, then 
residing at Losonby, Redcar, thus reports : — 

< 1 have Ckit with it some wheat varying in yield fh>m 32 to 40 bushels per acre 
some of it much lodged ; also a very heavy crop of oats, so much laid and twisted ia 
some parts thU X thought it impossible for any machine to ont them at all. One mir 
of botvee Worxed the ma<foine from day to day : they have to travel no faster 
the ordinary ploughing pace, and a boy of 16 managed them without any difficult;^. 
The machine is so oonstraoted that there is very little wear and tear going on : it 
delivot the cut cum in a beautiful swathe, laid so straight sad lightly on the graiaiA 
that the sheaves are quickly gathered up ; the swathe is evenly cut, and left jMrlisv* 
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Uurly clear, I found that the machine vill eut from to acre par hour; it ia 
alwajs cutting ita ftill width, viz. 6 ft. 8 in.* 

About the year 1860 Mesira. S^mjBLBoir and Co., of Banbury, who •ucoaeded 
Mr. GaaBiMn, whoue name waf ao long known in connection with turnip euttera^ 
turned their attention to reapii^ machinery, and prodnoed a noveltT from America, 
which waa, we believe, the orimnal of all the aheaflng maohinea which ere now aa 
generally uaed. The novelty Mnaiated in the action and position of the rakee ; to a 
vertical ahaft driven by gearings from the main axle, two lues are pivoted or hinged, 
the direction of these mes, that is, thrir orbit, is determined by an iron cam. Small 
friction rollers bracketed to the under aide of the rake shafts travri on this cam, which is 
so arranged that the rake enters the com gradually and inclines it towards the platform 
whilst it ia being cut. The platform is quadrant shaped, its radius being the length 
of the cutting bw, indeed, its sham and dimensions are regulated by the circle de- 
eribed by the rakes, ita centre ia the same point as that of the vertical shaft The 
modoB opcranM ia as follows : — ^As the reaper advances the revolving rakes dip alter- 
nately into the standing corn and first incline the grain towards the cutter, then 
sweep it round the quadrant-shaped platform, and leaves the sheaf on the ground 
some 6 ft. from the stunding grain : owing to the form of the rakes and the action of 
the cam, the butt end of the sheaf is somewhat fanned out ; indeed, when the corn 
stands well, nothing can be better than the delivery of the sheaves, which are laid at 
distances of 1 1 ft 6 in. from each other. To assist the operation of laying the grain 
towards tke cutters, and possibly to steady the revolution of the rakes, two reel 
arms, or dummies, are also pivoted to the vortical shaft at right angles to the rakes. 
These revolve with the rakes, but having no teeth pass clear of the platform, leaving 
the com to accumulate there. It is evident that if we substitute rakes fur dummies, 
sheaves will be delivered at half the distance, or if we remove thn teeth from our rake 
wo shall only make half the number of sheaves, a matter of detail to suit variet> 
of crops. From the side entry of the rakes and the somewhat rertii^l direction it 
follows, that with crops leaning from the machine the weight cS the heiuls has a 
tendency to cause the corn to fall over the top of the rake, in which oaso, instead of 
lieing left on the platform, it is tossed up in tne air, and scattered over the surface. 
This, however, is an exceptional efibct, and can be prevented to a great extent by 
widening tbe surface of the rake. A piece of No. 6 iron wire may be fastened on so 
OB to give 6 or 6 inches more width, and this answers well. 

Messrs. Saiiublson were also the first to introduce the ' double throw ' principle to 
the knife ; that is to say, the knife runs through two ftneors instead of one at each 
revolution of the crank, the object being simply to halve the speed of the shafts, and 
BO decrease wear and tear in the bearings. This firm manufoctures a manual de- 
livering machine known as the * Eclipse,’ which is largely used in some districts. 
The extreme labour in working such machines in heavy, tough crops led Messrs. 
Horksbt and Sows to patent an arrangement for assisting the deliverer. This wae 
firet exhibited in 1866 at Hereford, and afterwards at the Ifoyal Agricultural Society's 
trials at Plymouth, where, in a very heavy crop, the edvantage was so apparent, that 
the judges awarded it the first prize in the class. Having written the report of the 
said trials, we may be allowed to make a quotation, which will give the roader some 
idea of tiie nature of thie invention. It may beet be described ae a combination of 
the grated drop^heof platform (i.e. a hin^ platform held up by the workman's foot, 
whilst materials for a sheaf ore being ejected by him with his rake)i which, when 
dropped, leavee the corn to be carried oflf at the side by means of rerolving steel 
foik^ endless chains. The advantage claimed was the ^at saving S labour, and 
tlie increased attention that could be given by the attendant to collecting the corn. 
In tangled, heavy crops, whilst iiis attention in ordinary machines -fas occupied in 
removing the corn from the platform, the knife frequently domed, and drove the 
tabled ^ten-down corn before it. The draught was oonsidera^ increased, and the 
friction of the chains was so great, that n^r a very short ru^ the patent was^ 
abandonfHl, once agaih proring how deceptive awe short trials ; probaUy if this 
new machine had been worked for a week its weak points would nave been more 
apparent. 

It may be noticed that a swathing; machine made by Messrs. HoairaiiT, and having 
the same prindple of revolvim chaus which was awarded the first prize at the same 
show, has also been abandoned, fUrther experience having convinced this enterprieiag 
firm that the fotore of reaping machinery lay in the dti^ion of Selliide ddivaiy 
sheafors. Hence their ' Governor,’ * Progress,’ and * Advance ’ machinee-— sll exeellmt, 
and each a decided advance on its predecessor. In the last an arrangement has hron 
attempted by which the driver can alter the direction of the rakes during ths prqmesh 
of the mimhine, ao as to«eoure an even sheaf when the crop varies suddenly. This 
adaptibility is also attempted in several of the modern Ameriean inventione. As a 
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nli tlM olriaot gained ii not worth the oomplioation it neoeaeitatee, and we would 
niwfer eimpuoity even though we eaerifloed perfbcUon. The principle of the takee ie 
difbrent in HoBMaBT*a from SainraLeoM'a. The ends of Che rake enafte are attaohiHl 
to a pinion fixed at an angle, and driven by a epnr wheel at the top of the upright 
shaft. This, though probably not the moot economical as to power, eeoures a re- 
iparkablj st^y and pleasant action to the zakee ; indeed, the manner of laying the 
com learee nothing to be desired. 

As an illustration of a modem sweep rake reaper we present our readers with a 
drawing of Waltbe A. Wood's new reaper, shown at Philadelphia, in which the rake 
action is controllable by leverage from the driver's foot {fig, 2188). The direction of 
orbit of the rake headsi being altered by moving a cam latch connected by wire and 
cord with the foot leverage. It will be noticed that the rake standard is short and 
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A. Drive whool, with lotemsl spur gou. 

B. Bake staodard nar driven by A, by means 

of oroM and rake shafts, 
a Btatlonary earn for operating rakes. 

D. D‘,D*,D*. Bakee, 

B. Platform. . 

F. Ontterhar.* 

0. Pitman, oeprated by orank thaft, R. 

H. Clank shaft. 

1. Inalile divider. 

J. Outride dlvUir. 

E. Grain boarA^ 

L. Oninrod. 


If. Toolbox. 

B. TUting lever. 

O. Tilting lever arm. 


Q. Foot lever, which operatee oain tateh 
lever, B. 

B. Cam latch lever, operafing foot lever. Q, 
by means of a ooid and wire peering up 
tbroDgh the xake riandaid. 

B, 8^. OeeUDgs atteched to rake anne, to ralea 
B, so that rakee win be raised from n)at< 
form, B, when there is not grain enoo^ to 
foim a iheat. 


strong. OastiuA attached to the rake arms, and marked s tf, raise the cam latch, and 
thereby cause ^ rakes to rise fmm the platform, so ti^t until the toot lever, o, is 
pressed upward, the com is not mked off. Iv other words, each of the arms can be 
made to n^, or the whole kept clear of the table. It will be seen that tUh attsch- 
ment of the rake arms is very strong. 

Messrs. 3ubous6 and Emr, having abandoned their swather, after bringing out one 
of move manageable siee and superior construction, and having failed to make a suc- 
cess of Ho<^Binax*s automaton, owing to the want of balanoe in the rake arm, and 
the eoneequent jerkiim action, set to work on their own account, and produced 
excellent machine with their well-known ahovt connecting rod and knife bar in a line 
with the axle of the machine. The rake gear being outeide the travelling wheel, with 
the addition of the driving weight, balances the cutting gearing, and the result ii a 
hwhly efftotive*maehine with commeadably light draught. There are other makers 
wme machines ate eificient. 
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Tb« diffloalty of dealiog BncoMSfnlly with a laid and tangled erop^ oapedially whan 
the corn ia laid in the aame direction ae the trayene of the maehina, has led to the 
introdnetion of corn lifters, that is, projecting lifters attached to the knife bar frame, 
Ond raising tiie com in advance of the knife. Such appliances answer to a oertain 
extent, but in such cases it is best to cut across or in a direction meeting the laid 

For the last two or three years the scarcity of labour has <iireoted attention to the 
possibility of inventing a machine that will tie up the sheaves as well as cut and lay 
them out. Wo believe that Messrs. Hobxsbt and Sons have quite recently piuohased 
the invention of a Lincolnshire iarm^ who has hit upon a method by which this 
may be effected ^ * 

'^Hiilst we in this country are thinking, our American cousins have been acting. 
Automatic binders have been in existence for some years, and at the Exhibition of 
1876, four distinct inventions wore exhibited by Waltbb A. Wood, McCobmicx and 
Co., F. L. OsBOBKB and Co., and Mr. McPhxrson. The three first were successfully 
worked. The automatic binder was preceded by the harvester, a machine so arranged 
as to carry two or three binders, to whom the grain is presented in so handy a form, 
*that it is supposed they can make the sheaves. It need"* hardly be said that the 
crop must be very light, and the travel of the horses very slow, to allow of throe 
men doing the work tiiat would employ seven or eight hands, who had to pick up tlie 
corn and walk. Several of these harvesters were exhibited at Philadelphia, and two 
were brought to trial. The general construction of these machines is as follows ; — 
First, we have a revolving platform, an endless web either of linen or wood, with 
spiked projections travelling at right angles to the forward motion. From this 
platform and over the large wheel is an elevator, which receives the corn from the 
platform and delivers it on to the binding table, around which the tyers stand on a 
p^ecting foot board. The sheaves are either thrown down as made, or placed upon un 
ninged board, from which they are discharged by leverage from the driver's fbot. In 
this way clusters of sheaves are left ready for stacking. Now the automatic binding 
apparatus replaces the manual binders ; and the mechanism by which this is effected 
is simple and ingonious, varying in detail in the different inventions, but resulting in 
every instance in a tightly bound wire tied sheaf. Elaborate drawings would be 
requisite in order to convey a notion of the mechanism ; but we may state that a 
revolving lever carrying the wire enters the inflowing |prain, brings the mass tightly 
together, causes dimog the latter portion of its revolution that the ends of the wire 
should be twisted and cut off when the sheaf is complete. The bundles were in all 
cases well tied, the tension on the wire being admirably regulated. The size of the 
sheaf can be regulated by leverage from the driver’s foot, that is to say, the action of 
the binding lever is automatic, except it is interfered with, and the sheaves will vary 
according to the influx of grain from the elevator, but pressure of the foot arrests the 
lever arm at any of its course, and thus the bnnmes can be made any size that 
may be desired, we confess to having had a prejudice against the use of wire, 
believing that being non-elastic, the sinking of the straw in the drying process 
would cause the sheaf to become inconveniently loose ; also that the wire must be 
passed through the threshing machine with the straw, and there would be serious 
iisk of portions getting cut up with the diaff and causing injury to cattle, but we 
have g(^ authoritv for saying, that in practice no difficulty is experignc^. The 
atten<^t who supplies the sheaves to the feeder, has a pair of nippers so made that 
whilst the wire is cut, It is also retained. A box by his side receivA the wire, 
which though not available for use again, can be sold and worked up again. • The 
coet of wire is estimated at 1«. per acre. Whilst automatic harvestew may he well 
suited to a country where straw is of no value and a high cutting is desirable, we do 
not think th^ would answer here, as our crops m a rule are too bulky for such 
machinery. The tying amingements are excellent, and something of the same sort 
mi^ be applied to ma^nes ^apted for English crons. 

& is a curious fact and worthj^ of record that wnilst the automatic binders were 
attracting attention at Philadelphia, reaping by steam was attempted in this country. 
Messrs. Avblino and Pobtbb applied their crone traction engine to drive a large 
sized Orosskill reaper : on the level, and to a certain extent up a steep decline, the 
work was well done, and the possibility of the application frilly proved. We have an 
idea that in the friture we shall see automatic binders driven by traction dnsines, and 
that such maohiiie^ ma^ prove of service in the great grain growing dil^iote of the 
Western States. In this country frums are not sufficiently large to necessitate so 
powerful a motor. In Oalifornia at the present time a class of machines (Headers) 
totally unknown in this country, are largely used. The object is to secure the 
and leave a large portion of the straw ^hind. The machine coneists of a wide 
platform with a travelling web, and to this platform the material severed by the knifr, 
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vhldi U ufQAlly BO much raised from the ground as to leave qdite half the strair 
standing, is directed by the action of the reel, and oondnoCed to an elevator at the 
side, by which it is delivered into an attendant wagon or roUej. The driver of the 
wagon keeps his vehicle in such position as to receive the heads, which are carried 
away and stadced in heaps ready for threshing. Borne of these m^ines are as much 
as 12 to 16 ft. wide, and consequently clear a lar^ area daily. The horses, four 
abreast are yoked behind, and the driver has a seat at the end of thejxile, which 
helps to balance the machine. Only one such machine was shown at Philadel^ia, 
made by Waltbr A. Wood. 

Another TOculiarity of American manufacture which has not yet reached this 
country, is the table and chain rake reapers,* the former made by Aolthav, Mirrmt , 
and Co. of Akron, Ohio, the latter by W. A. Wood. In the table rake the collecting 
machinery consists of a light reel above and parallel with the knife, and a jointed rake 
head worldng on the table itself. The orbit of the rake is determined by a cam, and 
a jointed shield prevents the straw from choking up the machinery. The arm is 
driven by a shaft and universal joint, which can be instantly thrown in and out of 
gear by leverage from the driver's foot. The rake sweeps up the grain, compresses it 
together at the far comqr of the table, and then delivers it in a close neat bundle, 
which, according to the universal testimony of the binder, was more handy for tying 
than the bundles from any other machine. It must, however, be borne in mind that 
in the case of green cut corn exposure is desirable, and the sheaf cannot well be left 
to open, and if the crop were over ripe the squeeze at the comer of the platform 
might cause shedding. In Mr. Wood’s machine the jointed rake Is driven by endless 
thoiiiB all round a nearly square platform. We should fear too much wear and tear. 

It is very instructive to compare recent and early reports of the trials of imple- 
ments by the Koyal Agricultural Society. The latter, as far as they convey any mea 
of the nature of the machinery, might have been written by schoolboys, whereas 
some of the later reports, and we would especially indicate that on mowing machinery 
at Taunton, by Mr. John Hbuislet, are admirable. Mowing machines originated in 
America. We hear of them first in 1857 at the Salisbury show, and^wo have a dim 
recollection of seeing the trial in some water meadows. On that occasion Ciatton's 
American eagle machine did best, cutting low and clean with moderate draught. 
Motion was communicated from the interior of the travelling wheel periphery by a 
cam, just in the same way as the knife frame in Bill’s reaper was actuated by a 
cam in a smaller wheel. The cutting arrangement was also very similar in principle 
to that adopted by the Scotchman, viz. by two rows of blades, the upper ones being 
in motion, and the lower ones fixed, differing only in the relative position of the active 
and passive instruments. The judges say * they are easily replaced, and are less 
liable to clog or choke than the old plan ox cutters and guards. Great progress was 
visible at the Manchester show in 1869, when this class of machinery was tried, 
showing a considerable increase of entries over Plymouth in 1865, whilst that meeting 
was noticeable for genuine improvement over its predecessor. The chief performer at 
Plymouth was W. A. Wood, whose well-made machine, comprised portly of wood 
and iron, was so light in draught and so efficient in work, that it gainea the first prize. 
In this machine the knife bar was jointed to the frame, supported and cacriea by a 
strong spring and a slotted brace, running backwards and dasping the main axle of 
the machine. The knife was capable of being raised above the grass, or set upright 
for travellfhg. Another novelty is the small wheel outside the shoe, which can bo 
set so as regulate the distance of the knife bar from the mnnd. 

Messrs. Hobnsbt, who won the second prize at Plymou^ showed a strong heavy 
machine, whiph ran steadily and cut extremely well. The points of this machine, 
were that tne finger bar was connected with ue main frame by a universal joint, 
allowing the enttw to be carried np and down over undulations by a front castor 
wheel. The fitting was perfect, the draught ffital. The greatest novelty in this 
line was Bubobss and Kbt's new mower, which, inasmuch as the principle has been 
adopted ever since, demands a llw words. * 

In machines previously constructed, the connectinp^ rod, that is, the communication 
between the crank and the knife bar, was at a considerable angle, in order that the 
gearing night be clear of the cut grass, and the angular thmst in consequence was 
attended with some friction. The knife bar was necessarily placed considerably in 
front or behind the travelling wheel. By nmnff a short connecting rod| the knife bar 
b oapable if being placed in the eame line as oxle^ or nearly so, and all the gear- 
ing, packed np in a small compass, and placed ve^ near the ground, so as to traverse 
the narrow tzfM^ cleared by ue track board during the previous journey, ^e con* 
neiting rod is nearly in a line with the knifa. 

All previous trials sink into the shade wben cornered with that of Tannton in 
1666, both as regards the number of maebmes competing, the quality of work pen- 



24 


AGRICULTURAL MBCHAlSnCS 


fonntd, the excellMiee of oonitnietiun, and the elaborate modee of teetlng ad(^ited. 
Meenn. HoBNerr aud Som, who we hare seen were awarded a eeoood priee at Pip- 
mouth, and were first at Mancheeter, now carried all before them, taking all the 
prises, and being highly commended fbr a fifth machine. Messrs. Sabcuhlsows reapers 
were hig^y commended; and commoodations were bestowed on the machines shown 
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by fioBOBSs and Krt, Habbxbon and McGitKaon, and Walter A. Wood. In order (o 
effect tins eztraordinarT result, tlie Giuni'hau firm showod four distiiirt two-hurwo 
mowers, i.e. machines IMt differed iu cerl in points, and two single-horse mowers, 
one of which satisfied the requirements of the Society as to draught, and being the 
onlv machine that did so, it took the prize. 

it is not necessary to waste time over single-horse machines. They are of very 
little practical use. Possibly cases may occur in which the pr>portionof mowing 
grass being small and the horse-power limited, such may be employed, but generally 
speaking a small man can hire a mower, and got his work done for him, and except 
the knim be reduced very much, and the machine made too 1 ght to stand rough 
work, the hone labour is severe. 
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The following details of Hobnsbt's first prize, two-horse machines distiaguished u 
Paragon 0, will give some idea of this ezceilent machine. 2184 ^ows the plan, 
and {fig, 2185) the side elevation. 

a, the main axle, is of wrought iron, aud free to turn in bearings in the ftamc, 5, 
which is of cast iron. Ke^ed upon it is the ratchet-bos, /, with which the xoad wheel 
«, gears l>y means of a spring paul. At the other end is the road-wheel, d, biting in 
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th« tuna imy into a Tatohet which in formed in t^e ^ared ring, which ii aleo kejrod 
to fho mainaxlo. Thii ring carrica 100 teeth, working into pinion,^, with 13 
teeth. Thie pinion on the wrought iron spindle, h, ie thrown in and out of gear by 
the turnover lever, t, when acted upon by tne foot of the driver ; at the other end of 
A is a bevelled, jirheel and pinion, protected from the enk grass by a shield formed on 
the main frame. This bevelled wheel carries 4A teeth, gearing into 18 teeth upon the 
end of the spindle carrying the crank. Thus is acquit^ the second motion and tho 
requisite to drive the knife, which is 26'62 of the crank to one revolution of the 
road wheeT..i«. 2| inches to 1 foot of circumference, the crank having 2f inches’ throw. 
The cutter bar of steel is jointed to the main frame by the caps, % k ; consequently, 
however uneven the surface of the land, the crank is alwavs directly in a line with the 
cuttprs, and the knife will work equally well at any angle, even when turned up fur 
travelling. This is undoubtedly an important feature in the arrangements, j is the 
main shoe of malleable iron to which the caps are bolted, and the front of which forms 
the slade, p, for carrying the leading wheel, m, in dotted line, shows the position of the 
pole, and n is the draught-bar to which the whipple trees are attached by the draught 
rod ; its position on one side of the pole is for the purpose of counteracting side 
draught when the knife is cutting, and also the weight of the cutter bar upon the land is 
■t'gbUy reduced, so that it has a tendency on meeting obstructions to rise over 
theiki. The driver's seat fixes into a socket on the pole bracket ; his weight balances 
the pcl& The pole slides to any required position to suit tiie broadtli of the horses’ 
walk. 

There ai'^ two features in Messrs. Samuxi, son's machines that deserve notice, and 
ore illustraU.^ (Jig, 2186) and described in tlie report. 
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A is a part of the main frame ; b b, the shoe and finger bar ; c, a chain attached by 
a loose link to the extension bar, d, running under a half pulley attached to the frame, 
and contteetsd with a wood lever, ■ ; o is Uie draught-pole ; f, a pidley in connection 
with the draught chain. 'When the lever, b, is at r^ the chain is loose and the beam 
unaffected ; when pulled back the chain is tightened, the extension bar, d, is pulled 
down, the beam rendered ririd from end to end, at the same time lifting the beam and 
Icnifo over any obstacle. Ais is a simple and in^nious arrangement. 

Our next illustration {fig, 2187) shows a side view of SAmmuioN's peculiar arrange- 
ment of the draught oham, hv woich, in case of any undue draughty not abetdutelv 
necessary in the ordinary wornng of the machine ; the knife bar is raised by the pull 
of tho horses so as to allow it to ride over such obstacles. That this arrangement hae 
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bm found ptaetioally uaefiil tnaj be gathered from the fact, that it haa been nppUad 
to all mowers and combined machines made by Keesra. SaicnsLeoar and Oo. since 
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1 868. The draught being taken from the extreme end of the polo, the lever.igo has a 
tendency to lighten the pressure on the horses’ collars, o c is the draught chain, one 
end of which is attached to the whipple trees, and the othrr to the ti^l end of the 
pole bracket, «, furnished with 3 holes for adjustment. It runs under tne pulley, b, 
attached to the main frame, nnd over the pulley, d, attached to the front portion of 
the drawing frame. The pulley, b, is adjustable ; the pressure of the draught chain 
it causes the frame to be raised when any extraordinary obstacle intervenes. The 
attachment of the connecting rod with the knife bar is secured l^y a spring catch and 
a paul — a simple and clever arrangement, facilitating the removal of the knife when 
required. 

Messrs. SaxuxLSON adopt the long connecting rod. It is worthy of notice that 
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Messrs. Saxublson’b machine gave the best results in the dynamometer. Also 
Hohnsbv's machine, with a long connecting rod, was lighter than that which gained 
the first priee in which the connecting rod was short ; whereas Bunoaas and KnreiM- 
chine, with the shortest connecting rcA wae the heaviest in draught for actual work done 
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that app^r to be in favoar of the original arrangement. The preceding drawinga 
l/gs. 218B and 2189) show a plan of finger bar and a aection of dished finger. 

Messre. Bunoaes and Kmr, whoee machine, though only commended, made excellent 
work throughout the trials, demande notice for its simplicity and go^ construction. 
The position of the knife in reference to the main axle'*iriU be understood from the 
following plan (Jiff. 2190) , 
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A clover arrangement in this machine allows of the introduction of different sized 
pillions, by which three different speeds fur the knife are obtained. This is done by 
the driving wheels working on an eccentric bush, which, on being turned round on its 
own pivot, moves the driving wheel off from the wheel it gears into, and so allows of 
the alteriition of pinion. The speed can bo varied to the extent of 26 per cent. As 
the knife cannot be removed conveniently by sliding out in the usual way, the ordi- 
nary guide bar is exchanged for a movable one, and when this is taken off the knife 
18 free. 

Although not an English invention, we cannot avoid a short notice of the mowing 
machine of Waltkb A Wood, which is used to a considerable extent here; and so 
groat has been the trade m these machines that it is said that, at the works in 
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M toi^h AB ordinaxy Engluh cast iron. Thia ia a great admtage in favour of the 
American invention, l&ny of the machinea— Wou^a being an exception — are often 
aomewbat roughly conatructed, hut the material ia alwaya gm. The fbUowiog abort 
deacription of the principad points in the Wood mower will give an idea ^ oou- 
Btruction 

And first, as to material. The driving wheels, main ftrame, gearing wheels, shoe, 
and email wheel in the riioe,*are made of Pennsylvania cast iron, llie cross riiaft 
and crank shaft, axle, entter bar and knife bar, are of cold rolled iron, which is con- 
sidered Btiffer and harder than ordinary bar iron. The guard fingers and dividing 
shoe are of malleable iron, steel faced. The total weight of the maimine exhibited at 
Taunton, and which made such good cutting as to be commended, was 6 cwt. 2 qra. 
0 lb., one or two English machines only being lighter. Mr. Wood has devoted his 
sole attention to mowers and reapers ever since 1862. It is not, therefore, surprising 
to find much merit in his arrangements. The preceding plan {fig. 2101), with explaxw- 
tions which we take from Mr. Hhlkslb'ts excellent report of the Taunton trials, will 
show the nature of the mechanism. 

The spur pinions, x x, are fixed on the cross shaft ; each have twelve teeth, are 
both provided with ratchet and pauls, so that if either travelling wheels advance 
the cross sliafb rotates. On the shaft is placed the bevel wheel, <f, with 46 teeth, 
working into the bevel pinion, A, at one end of the 
crank shaft, which is 22 inches long, having strong 
bearers and oilers, shown at T t t t. The crank, i, drives 
the connecting r(ri, u, which makes 64 vibrations to 1 
revolution of the driving wheel, or 7‘4 to 1 foot. The 
inclination of the connecting rod is 64 in. /is the lever 
worked by tlie attendant’s foot, whicn throws the bevel 
wheel, d, in or out of gear l)y the eliitQ}i, e, supported 
in its place by the arm, g (fig. 2192). It w ill be seen that 
the outer surface of the wheel tires are provided witli 
transverse ribs, which are of use in causing a bite on 
the ground. The form of the fingers, knife holder, and 
thickness of steel fiudng will bo at once soon by reference to the following section, in 
which 0 is the holder, t the steel facing. 
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As an illustration of divergence from the recognised type, we may notice the Eureka 
direct drLUght mower (Towanda, P.A.), which was shown at Philadelphia, and was very 
favourably noticed by the judges. The knife works in front of and between the 
driving cr travelling wheels, wnich are of large sise. The pole is placed en the centre 
of the machine, equidistant between the wheels ; and the horses, 2 in number, are so 
attached by means Of a long nock yoke that whilst the near-side horse walks close to 
the standing grass on the land cleared by the track board, the off horse walks on the 
grass, but outside of the line of cut; consequently, his trendings are met by the machine 
on the return joarney, and cut clean. The groat advantage of thig arrangement is 
the economy of power, owing to the direct and uniform strain, the ability to deal 
with a crop in any diroKion, so that if laid in one*direction the whole can be cut 
aerobe, and the Act that, having two track clearers, the grass is laid up in a small 
windrow exposed to sun and wind, and in a position to hay without any further opera- 
tions, a point of great importance as regards clover. The results by the dynamometer 
were highly satisfactoxy, being considerably the lightest draught of the 20 machines 
tested, and two horaos worked a 6-ft. macnine with comparative ease. We believe 
that a still laiger rise is made, but we think the medium preferable. The toife bar 
is flexible. Vft think this machine worth trial in this country. 

The haymaker mower (Ottb Bbotuhbs, New York) attract^ much attention nt the 
Exhibition, on account of the novel means by which motion is conveyed to the knife. 
Instead of the ustuil arrangements of shafts and gearings, we find only a single pair 
sf bevel wheels. The axle which revolves carries a small bevel wheel with 46 teet^ 
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a timiiar whoel in all rrapeeta, only haring 2 more teerh genre into thie ; but owing 
to ita being hung on a gimble joint, like a ehip’s compuae. it doee -not revolve, but 
makes a eticoeseion of rapid serpentine vibrations, around the flue of the other wheel 
This motion at one end of a lever suffices to produce a rapid motion to the knife at 
the other, and thus we get all that is wanted with a piinimam of friction. The 
motion is exce^ingly smooth and pretty, and as 6 or 6 teetli are always engaged at 
bnce, the wear is more evenly distributed than in ordinhry gearing. The draught tested 
by the dynamometer was reasoimble, and the horses appeared to find easy work. 
Owing to the absence of gear, it is quite noiseless in running. Such a machine ought 
to command a large sale, on account of its simplicity. 

Enough has been illustrated to prove that mowing machinery has kept pace with 
other inventions during the past 26 years. The price is so moderate, firoro 20^. to 21/., 
that they ore within reach of all who have as much as 20 acres of grass or clover to 
cut, and the wants of small farmers are further met by the introduction of combined 
machines, which are equally effective either as mowers or reapers. Of course such a 
double purpose renders the machinery more complicated : thus, for example, in order 
to cut grass the throw of the knife must be faster than when required to cut corn ; 
hence we must have two speeds. This is effected in various ways — probably the 
simplest is that first adopted by Mr. Adam Bamutt of Thirsk, and consists in having 
bolted to the travelling wheel 2 toothed wheels, with internal and external geariug, 
and a sliding pinion on the cross shaft. The internal wheel, having the larger circum- 
ference, drives for mowing. A very similar plan is adopted by Messrs. Piokslbt, 
Sims and Oo., only the gearing wheels are placM one in each of the travelling wheels. 
There is, of course, some little time required to convert a mowing machine into a 
reaper ; and although in a few cases we find self-delivering reapers combined with 
mowers, it is generml^ only applied to the manual machines. Those who have suffi- 
ciently largo farms will find it better to use separate machines. Wo have said that 
with 20 ncres to cut it will psy to have a machine. The following calculation juslifles 


our Htatomont ; — 

Per annum. 
d. 

Intorest and wear and tear at 10 per cent.** 2Z. . . .20 

Borne labour and attondant 18 

Oil, &c 0 8 

3 6 


Mowing a heavy crop, especially of grass, would cost at least 6s., and often much 
more ; and however skilful the workman, the grass cannot be cut so close or evenly. 
There is a feeling in some districts that the action of the knife in cutting is prejudicial 
to the after grass— that the cut is not clean like the scythe, but somewhat jagg^. 
We believe this ia quite erroneous, and arises ftom the fact that the gnss^ing 
shaved so much nearer the ground, there is less cover from the drying efiSets of the 
sun ; consequently growth is slower, and naturally there is less show of grass for some 
time. Wore it true, the repeated use of the mowing machine for ao many yeare ahould 
have caused a marked deficiency in the crop and growth, which is certainly not the 
case. 

In reference to the harvesting of hay, we must notice a recent American invention, 
Faust's haploader ^Messrs. Stbatton and Cullum), which appears a most valuable 
labour savjpg machine. Hooked on behind any ordinaiy wagon or cart, it comprises 
H revolving spindle on high wheels with forked proiections, which catoh iip the hay 
out of windrow, throw it on to an elevator protected by a windg^iard, which delivers 
it into the wrfgon. We saw this thoroughly tested, and came to the conclusion that 
it saved the work of four men. Hay forks and conveyera facilitate the atoringof hay 
in mows and bame. 

With the introduction and practical perfecting of steam cultivating maehineiy, 
and with tiie degree of excellenge arrived at in liorse ploughs, it was thought that 
invention could not go much further in this direction. Yet it has been reoervea for our 
day to see an important addition to our appliances for light land culture in the form of 
the double plou^. To Mr. Firiu, a Scotsman, belonge the credit of resueeitating an 
old friend, and making it ibally available. The double plough was in ita wooden and 
somewhat primitive form known to and often used by our ancestors. The fimnera on 
tbo Ootiwo]|^ ydked their 4 or 6 oxen to such an implement, and worked the barley 
land after turnips with much advaritege. It bad wooden mould boards and a double 
beam, the one ^ough being eat in ndvance of the other, nearest resemblanoe to 
the original was a plough still made by Mr. Oooxb of Lincoln, with wooden beams. 
The or^nal Pun pbugh has, in the hands of Messrs. John Fowlur and Do,, been 
much improved upon, Messra. Hobnbbt and Sons adopting a very eimilar pattern ao 
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to fiAim-Hvbieh, tho way, oloaoly reaembles the fEaming of the balanoa ateaiii, 
plouffh, only Toy mnoh lighter, oooeiating of T-ahaped iron. Moaara. Howabo of 
Bedim, and Meaara. BaicaoiCBa and Siica Ipswich, exhibited doable farrow ploughs 
with parallel beams— a form which both firms retain — at the Leicester meeting in 
1868. In moat of these inventions exists some mechanical arran^ment for facilitating 
the carrying round of the frame, tomther with the raising of the shares clear of the 
work at the land's end. The complication varies, and the necessity for anything of 
the kind depends upon the weight of the frame, fluently this is effbcted by altering 
the position of the land side wheel, and of a corresponding wheal or skid which travels 
behind the first plongh, both bein^ suspended from a cross bar and actuated by a 
leverage, the handU'Of which is within reach of the ];>loughman. Another feature in 
the double plough consists in the substitution of a mction wheel set at an angle, in 
place of the sole and land side of an ordinary plough, securing a rolling insteim of a 
eliding friction. 

The advantages of the double plough for light and medium soils are the saving of at 
least 26 per cent, of horse labour ; thus the dynamometer proves that in good machines 
3 horses yoked abreast can execute a given work as well as 4 horses in two ordinary 
plough i in other words, the draught of 2 furrows attached to a double plough— is 
less than 26 per cent, than the combined draught of 2 separate ploughs doing similar 
work. One ploughman can do as much ploughing as 2 men with ordinary ploughs. 
This is a great advantage, and it is not surprising that a great trade has sprung up 
for doable ploughs. The only trial that has been conducted under the auspices of the 
Royal Agricultuial Society, and therefore we venture to say the only exhaustive one 
in this country at least, was at Hull in 1878. Unfortunately, the Vienna Exhibition 
was in progress at the time, and this iros urged as a reason why certain leading 
makers should be allowed to exhibit their goods without competing. The Society 
unfortunately, as we think, allowed this irregularity : notwithstanding the de&lcation 
of so many leading men, the entries were numerous, and many of t^c machines 
possessed considerable merit Younger firms got an opening, and Messrs. Q. W. 
Mubrat and Co. and J. D. Snowdbv of Doncaster were awarded the prizes for very 


good implements. 

When it is remembered tliat 25 years since more corn was threshed by the fl.ail 
than by any other eystem, that the usual kind of machinery consisted of a drum driven 
by horse gear, which simply threshed, out the com fed slowly mto it, the student 
who minutely studies one of our best combined machines will bo fain to admit that 
remarkable progress has been made. At the time of which we speak, Scotland was 
decidedly in advance of England ; indeed, to Mr. A. Mxiklb, of Houston Mill, near 
Haddington, is due the honour of having been the first to invent the threshing 
machine. This was in 1798. It comprised a rapidly revolving cylinder, wiUi raiseil 
edges or beaters, parallel to its axis, standing out from its surface. This cylinder 
was covered by a concave surface, placed 2 or 3 inches from the surface described by 
these revolving beaters. Feed rollers held the corn whilst being lieaten W the drum. 
This was a great advance upon an earlier scheme of revolving flails. In Mx. Mbiklis's 
invention the separation, or rather the detachment, of the grmn from the straw was all 
that was attempted ; the straw, chaff, and com fell together, and was separated by 
manual labour. The next great step was the introduction of straw shakers, which in 
the Scotch machines consisted of 2 wooden drums, the one next to the threshing drum 
beiug the largest. These were furnished with a number of forks or a|^es, which 
caught the straw and carried it round, the grain passing throi^h a conmve screen 
underneath the shakers, and falling with the chaff and pugs — ^i.e. unthresbed heads 
— into the hopper of a winnowing machine. After ^sing through this, it is ele- 
vated into a second winnower, whilst the pugs are delivered by othere elevators to 
the drum to lie again passed through the mamine. Such was and in many eases is 
the Scotch threshing machine, which is fixed in the barn, and worked nearly entirely 
by toothed gearing, and driven either by a fixed engine or by horse-poi^r. 

The great difference lietween such a machine snd^hose us^ in this country now 
coosisi-s in the action of tbe drum. It will be understood that the action of the 
dnfia dqiends upon the grain being slowly presented, and receiving a snecessioa of 
blows at right angles by the protru^xg beaters— a system which eveatnally separates 
the grain, but does so at a great expenditure of power, and frequently knocks off 
whole ears, as is proved by the neceesity for retbresning the polls or pugs, as they are 
called. In the Scotch drum the revolutions of the drum are apweurds, and the com, 
when liberated by the feed rollers, is carried between the upper concave. In the 
Fmglish drum the revolution is in the opposite direction ; the beatere are more nu- 
merous, and only raised about half an inch from the surface of the drum, and thp 
com is fed in nearly parallel to the axis of the drum. The grain is scutched or 
■tripped, and in paisiqg betweea the beaters and the lower concave is entiielj 
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■ffpanttod and lubbad ; lo that not only ia the min detached ftom the atiaw, hut the 
chaff if also almost ontir^ removed. This is ^ great difihrenee betweea the 8ootoh 
and Ww gHwh machines. We adopt the np^uid-down motion of <!rank>drlven shakers, 
which ooBTey the straw by a series of jern from the drum t6 the point at which it ia 
delivered, any loose grain carried along with the straw being thus separated and 
passing by an inclined plane back to the blower. The necessity for economy of space 
in our portable machines which are so commonly used has been studi^ with excellent 
effect, and the improved double dressing and finishing machine of to-day is a triumph 
of designing skill. 

We select for illustration the portable combined finishing machine of Messrs, 
Mjlbshall and 30 m, of Oainsborough, which was awarded the first prise of the Royal 
Agricultural Society at their Cardiff trials, and in doing so avail ourselves of the 
illustrations and descriptions by Mr. 0. J Roberts, the Society’s reporter In taking 
this particular machine, we do so simply from the fhct of its having gained the first 
prize. The machines made by Clattom, Suuttlbworth, and Ca. Ramsokbs and 
Siics, Bobtum Proctor, &o., and many others, are excellent in construction and 
efficiency. The following view (jfia. 2194), showing the back part and right side of 
the machine, will convey a ictea of the snugness and economy of arrangement of 
the various parts. All motion is communicated by bolt to the axle of the dmin, and 
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it will be seen that the position of the different parts driven from the drum axle are 
arranged with a view to counterbalance the strain or pnll ujpon the bearings of the 
drum spindle. Thus the cross strap, passing forwards, drives the crank shaft, shown at 
6', in the Longitudinal section (J^. 2196) ; another strap in the opposite direction drives 
the smutter, h ; whilst the third leads downwards to the pulley of the crank shaft, 
which works Uie caving riddles and the shoe board, c. This last strap is particularly 
well placed, m it tends to coimterbalanee the pressure, upwards and forwards, of the 
corn passin^between the drum and the under concave. On the oppoeito, or left hand, 
side of the machine onl^ one belt leads from the drum spindle ; this drives the shaft 
below the firaige, on which two sets of fans, r, are fixed. The other necessary mo- 
tions are derived from secondary souroee. Whether the arrangement and balance of 
these forces ore peculiarly favourable, or owing to some other cause, the different parts 
of this machineaivoik together with a minimum of vibration , we have not found any 
machine more steady. The drum, a skeleton cylinder of wrought iron, oonsists of 
three rinfB keyed upon the cenf^ shaft or spindle, bearing 8 wrought-iron hors ; 
^n whiw the beater plates of mild Steel are fostened, length 63^ diameter 2S^ 
llie concave, a wronght-iron ^tin^ embracing more than half the eircumferenoe of 
the drum, is formed of bent iron vmes and longitudinal iron bars, 2 inches apart, 
which are seen in the above section. The wires are i in. in diameter, the interstices 
Aths of an inch. The bulk of the grain and chaff, rubbed between the concave and the 
drum, fells through the lormer on to the riddle, d. The rest passes with the straw 
on to the shakers, b. The five shakers each ride upon the crank sbaf^, 6' and 6>, 
which make 1 80 revolutions per minute ; each shaker nas a separate and independent 
motion, by which the straw is forwarded by a eeriee of jerks, and the loose grain ia 
tlmrou^ly aeparated and falls through the open spaces of the shaker on to the in- 
clined ana oactUating board, o, and so finds its way to the end of the caving sereeiL 
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The oieillating fxMttd and the riddleg are huog by ivooden epriiw suepeaden, aeen in 
the view, and are swung to and fro by conneetiog rode (d and a*) —sew on seetion*- 
from a crank shaft, which is placed alxive the hind wheels of the mac h i n e, and makes 
200 revolutions per minute. The caving riddle, n, is slightly inched and b^en 
by four steps pierced with cylindrical holes, varying in size according to the kind of 
corn threshed. The cavings are delivered, and pass over the riddle ; the chad* and 
grain &11 through the holes upen a fine wire network, which removes the small seeds 
and dust. The chaff and corn are next conducted to the sieve, a, fiills through this 
and s, is conducted by the shoot s' to the receptacle at the bottom of the elevator, a. 
The fan, v, revolving 680 times per minute, directs two blasts of air against the 
under sides of sieves, ■ and r, and efiectually removes everything that is of a light 
nature, and the chaff in particular. The chaff, instead of escaping on the ground 
can be hoisted sack-height, and delivered into sacks: the chaff apparatus, how- 
ever, costing 61. extra. The chobs are separated from the corn by the first bhist, 
^nd, striking against the sliding board, are delivered into a basket mIow. With the 
exception of ^ans and peas, which are let out of a trap-door, all other com is earned 
up to the smutter by means of the elevators, and pusM through a tube containing a 
shaft, furnished with beaters. This revolving rapidly, has an excellent effect upon 
the appearance of the sample. The sides of the cylinder are of fine wire, through 
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which dust can pass, whilst the corn, owing to the screw-like action of the spindle, 
is propelled forward. The amount of rubbing is regulated by a shde at the further 
end of the smutter case. As the com falls from the smutter it is subjected to a 
second blast from the fans of the windcase, x, which carries chaff, awms, &.c , back 
under the dmm concave and on to the caving-riddle. The corn passes down the spout, 

into the rotary Baimforth’s screen, 7, which makes 40 revolutions per minute, and 
delivers into the spout, as best corn, seconds, and thirds. If desirablcf the machine 
can be used as a single dresser, in which case the corn, when deliverfd from the 
spouts, is allowed to pass into sacks through a trap-door to the sack spouts, instead 
of passing through the smutter case and second dressing machine. The frame is of 
oak wel^raced. • 

This is a very complete machine, making excellent work ; inasmuch, however, as 
all the speeds are derived from and depend for regularity upon the ^um, it folios 
that any cause which disturbs this regularity must affect the whole or the processes ; 
and supposing, through the cuelessness of the feeder, a sheaf is put in either whole 
or imjMnectly divided, a visible check occurs, accompanied by a throb throughout 
the machine, which affects every motion, less wind is brought to bear upon the grain, 
and the sample is not properly cleaned. Hence it follows, in the case of barley more 
especially, that in order to have a first-xate sample it is always best to shoot up the 
head com and put it through a blower. Granted perfectly uniform feeding, and that 
the article supplied was of similar quality throughout, this and other first-rate com* 
bined machines prepare a sample fit for market, and we are justified in saying that 
such a machine or compound with the horn drum of a quarter of a century showe 
immense progress. 

This diiRoulty as to tlie feeding, and the fact that several accidents have occurre >, 
owing to the work people getting into the drum, led the Ro^al Agricultural Society 
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to offer epecial prices, both for drum gocr^ and oombined guards and foedeto. With 
regard to the fi^er, a large number of inrenlions were tested at Taunton in 1875, 
out of which the judges selected two as most efilcient and pmotioal. That which 
gained the first prise was shown hw Mr. J. P. Fxsov of Oambridm, which, at an 
additional cost of 71. 10«. secures perfect safety to the work-peo^e. The second prize 
was awarded to a much simpler design of Messrs. Tcsub aw wx of Andover. The 
following illustration {fy, 2196) will assist the ream to understand the nature of 
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Fison’s guard, a is a wooden drum, cased with sheet iron and carrjjring eight 
bereliod wood projections, 1 x in. It is driven at 100 revolutions per minute by a 
strap from the shaker spindle below. It is supported at either end by two balance 
levers, o, connected with the swinging feed board, n, hung on pivots, a. The spindle 
of the cylinder is not fixed, but can play up and down in the slotted iron brackets, o, 
3 j in. When compressed, either by a person falling on to it or by the extreme weight 
or corn, the drum falls to such an extent that the strap becomes slack, the cylinder 
ceases to revolve, and Uio mouth 

of the drum is effectually closed. 2197 

The same thing occurs if the 
man foils on the feed board at 
D, the weight pulls down the 
board, and fonsequently the 
evlinder clases the opening, 
when the weight is removed, the 
cylinder adjusts itself by means 
of the lever, o* and the bolt is 
again brought into action. The 
drum openipg <^ing work is 
only 8^ in., but the prdeotions 
on the <^linder materially assist 
to draw m the feed. The drum 
and concave are shown at i and j. 

Messrs, Tasjcbr's arrange- 
ment, whidh gained the second 
prize, comprises simply a lever cap 
or bonfiet. The dotted lines {Jig. 

2197) show the position of the 
bonnet during work. The lines 
in black the position assumed when a suiRcient weight is broi^t to bear on the 
feed board or the back of the hood. Tlie illustration sufficiently explains tlto 
mechanism, which is extremely simple and effective. 

Vou IV. * D 
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More difteolty wee found in deciding upon the combined guaxde and foeden^ inaa- 
mueh aa one element of merit required, waa that each npplianoea ahoutd aare labour, 
and thia ia quite right eince they add materially both to the coat of the machine and 
the power required to drive it. In no inctance was an appliance found aa efficient aa 
an expert man feeder. Messrs. Clattoit and SstmLBwoRTK’a combined guard and 
feeder (Wilubb's Patent) was considered much superior to any others. As this is a 
somewhat complicated arrangement, we must content ourselvee with a short deserip* 
tion. The corn is thrown on to vibrating boards, similar in action to straw shakers, 
worked by a crank driven by straps from below, and is thus brought by a series of 
jerks a distance of d or 0 ft. to the mouth of the drum, and would be pressed in but 
for the regulating and dividing action of seven vibrating teeth, which open out the 
dieaves and idlow only a certain regulated quantity to pass. Any weight greater 
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than a sheaf of corn foiling on the shakers causes the doprassion of one or luure ox 
the safety boan^ which are placed between and project above the shakers ; they are 
in connection with levers which throw the driving strap on to a lever pulley. The 
shakers instantly stop, and all d^er ceases. The attendant can equally throw 
the feeder out of gear, if requir^, means of a lever handle at^e back 
of the bonnet. Elaborate trials were carried out which prov^ that more com 
oonld be pimed through the machine by a good feeder than with the apparatus, 
and that little more than half a horse power was oonsumeA The cost 20iL 
We believe a considerable demand exists for the feeder in foreign countries. 
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ei^flOially Rwa, prerionp to their introduction, accidents were of frequent 
oeoarreoce. 

The second priie was awarded to Messrs. ManssAU. and SoM, whose apparatus 
will he best understood by reierenoe to the preceding illustrations (Jifft. 2106. 2100). 
which show the side elevation and longitudinal section. The principal feature 
consists of two endless 8>in. leather bands working over turned pulleys, ▲ a, at each 
side of the feed opening, to which are attached wooden oroas-hare, s b, cari;nng at 
intervals short iron tines, in. long, in such positions as to alternate witn each 
other. At a convenient height above the platform is a series of 10 prongs, to which 
an oscillating motion is given by means of the shaft, ff, the crank, c, and the 
pulley, B. The position of the shaft can be adjusted to suit different work. 
Motion is got from the shaker shaft by a belt, fast and loose pulleys bring employed. 
A lever is used for throwing the apparatus in and out of motion. The receiving 
board is hinged and carried on a spring, s, so that if any pressure is thrown upon 
it, as would be the case if the atten^nt fell, the board yields, and the strap is 
forced up on the loose pulley, and the feeder instantlv stops. This appliance actually 
assists the work, more material passes through the machine with than without 
it. The price was the same as Clattoit’s. The power jj^ths as against of a 
horse power. 

Such machines as Maushat.l'b, CLAnoK’s and others, are capable of threshing 
from 60 to 60 quarters of barley a day, less wheat, as the straw is generally longer, 
and even a larger quantity of oats. In eases where the straw elevator is used, and 
things are well arranged, tlie hands required to keep everything going, do not exceed 
eight or nine, and twu of these may be women. The elevators are quite modern 
iii\ ontions ; the original was, we belie\’e, made by a Mr. Hatbs of l^ton, Northampton- 
shire. At the present time each of the leadii^ makers supply a form of their own. 
At Hull in 1873 the Royal Agricultural Society offered special prizes, and had a 
very interesting trial: an adjournment from the previous year at Cardiff, where 
owing to the pressure of other work, proper attention to this section was impossible. 
At Cardiff the prizes wore awarded to Messrs MABSHArx and Co., Ctxtton and 
Shitttlkworth, and W. Taskbii and Sons, in the order named. At Hull the two 
tormer did not compote, and Messrs. Tasxbb and Sons in a doss of nine' competitors, 
won the prize. 
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It iriU be seen by the sulgoined illustration {/ia. 2200) that each machine is pro- 
vided irith a horse gear, so aa to be equally available for stacking hay, for which 
purpose they are frequently employed, to the manifest saving of very laborious work. 
Our illustrations show Messrs. TASkus’s machine ready for work and folded up for 
travriRng, in which condition it is readily moved by one horse. A strong wooden 
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framework support! the elerator, which is carried on four iron wheels. The hopper 
which receives the straw foom the shaker is round. The trough* which it will be 
seen by the second illustration is jointed at about f rds of its length, is raised by wire 
ropes wound upon grooved pulleys, and fostened to the heads of the two movable 
shafts, which terminate in friction rollers; it will be seen that the bottom of 
these sha^ revolves upon the axle of the fore wheels. It is very ea^ to understand 
the mode of raising and alterifig the angle of the elevator. The friction rollers at 
the top of the shafts run beneath metal rails on the under side of the trough. At 
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their lower extremities these rails are mode to project from the trough. As soon ns 
the slmfts are drawn back far enough to reach the ciuTed parts ot the rails, the 
trough Itself rises at a quicker rate, and ^e friction rollers at the end of the shaft ^ 
begin to act as pulleys to the ladder chains* and this secures their proper degree 
of tautness. This arrangement is ingenious and eflhetive. 

Our necessarily short notice of some of the more prominent inventions and ini> 
provements that have characterised the past 26 years would be incomplete if we 
omitted reference to the machinery employed in the preparation of food fur cattle. 
For a long period after the (^enerid introduction of roots as a field crop, hand slicers 
were the only means of thmr reduction for cattle, and next slicing machines on the 
same plan as the Gardners sheep cutter, were used. Cattle were supplied with an 
unlimited quantity of sliced roots and long hay. Such a method of feeding was 
costly and unscientiflo. The lar^ volumes of water introduced by the roots, con- 
sumM much of the heat of the body : great waste ensued. By means of the pulping 
machine and the chaff cutter, and the j^cious mixture of artificial foofi, a much loiter 
quantity of meat can be made from a given amount of food, and growing animals miun* 
tained in an improving condition at half the cost. These are very important facts, 
affecting the consumer as well as the producer. Pulping machines ole constructed on 
two disiuot principles. In one the knives are fixed in a revolving barrel, and the root 
is J^eld hj the hopper or rolled round and round until It is tom in pieces, much of 
the juice being thus extracted. In the other and more perfect kind, the operation is 
efie^d byun imright disc revolving in a hopper, so shaped a* to hold the roots up 
to the snifoee of the disc. 

In Messrs. Hornsby’s machine, which took the prize at the Oxford meeting in 
1970, the cutters on the dise radiate from the centre ; each knife is distinct* being 
held in place by a key. The chief peculiarity consists in an eooentr o cleaning bar 
famish^ with a number of small projections which traverses the spaces between 
the knives, keeping them clean and also iuuring the last piece being cut, as it 
cannot escape, except throi^h th6 round openings in the disc above the knives, which 
are only ^ths of an in. in diameter. The eccentric is jjjths of an in., and the traverse 
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of the bar, |fiu of an in.; the knifb point# being arranged incirdee at |th diatancee, 
etrack from the eMentrio and not firom the ot^ntre of apindlea, inanrea their paaaing 
bftween the projeotiona of the bar. Thia vill be underat^ by the following 
diagram whidi ahowa a plan of the diao. Each knife hoa jtha of an in. 

wearing aurfaoe. There are 12 rowa of kulvea, 13 in each row. Each knife-ia per- 
fectly mdependent of the othera, and can be removiM and renewed at a coat of SdL 
The following aection of the diac (fig* 2208), ahowa how the knife is secured. 

2202 2203 



In tlio multor uf clidfiT cutters Messrs. Rxchmoitd and Chandler have taken a 
decided lead, their machines working with considerably less power than any other ; 
this 18 due principally to the economical arrangement of the gearing, which we shall 
endeavour to describe. The upper jaw of the mouthpiece expands according to the 
nature uf the substances to be acted on. It is hinged to the axle of the upper 
toothed roller, and kept down by a hand screw. The process by which motion is 
communicated from the fly wheel to the feed rollers is very simple and direct. On 
the fly-wheel shaft are fixed 2 hovel pinions, gearing into 2 wheels of different 
diameters, the smaller of which is fixed to the line shaft, whilst the other ia loose ; 

2204 



and-they are connect^ when required by olntoh gear. The pinion h (fig* 2204) gears 
iSS? wheel li*, whilst the pinion I gears into I*, which is key^ on the shaft. 

When the dutch boxes are in gear and the wheel ie being driven, the line ihalt 

imparts a slow nmtion to the toothed rollers by the usual change wheels and pinions 
stto^ Md when the olntoh boxes are out of gear and we smaller whsel on 
the une shaft is being driven, the rollers revolve at a greater speed. The neeeesary 




ALBEBTITE 


is 


alteration of tho line abaft ia eflboted by a atartine rod through an aecentric handle. It 
win be aoen that the gearing on the line abaft ia placed aa near the fly Wheel aa poaaiblcb 
which probably acconnta fbr the economy of power. On each aide of the month are 
atrongapiial aorewa replacing* the weight lever, with tbia advantage, that the raeafure 
inoreaaea aa the feed beooknea Jbhickor. In plaM of the ordinary fixed bed of the 
feeding box, a travelling web ia introduced. Thia ia carried on a pulley fixed juat 
below the fiw rollers, mid driven a trifie faster than the latter, in order that the 
etraw may be ready fi>r the roller. This, thoi^h not a self-feeder, is a great help to 
the assistant, who, not having to pull the stuff forward, can concentrate hie whole 
attention on the feed. — J, 0. 

AnuSOT Biroms. (Vol. I. p. 86.) See Galorio Enginbs. 

A&ASA8TBB,CA&CA»BOVB. (Vol. I. p. 40.) {AMire^Fr. ; Mabiufer, Qer.) 
This material from Mexico, known in commerce as the On^x of Tecah, varies 
in colour ftom milk white, yellowish white to a pale neen, some samples displaying 
brown veins shading into red. It takes a fine polish, and is much used for orna- 
mental purposes. Its composition is — 


^Carbonio aoid 43*82 

Lime 60*10 

Magnesia 1*40 

Oxide of iron 410 

Oxide of manganese 0*22 

Water 0 60 

Silica . * traces 


99 94 

M. A. Bamotjh, Comptea Rendua, Hl^iy 8, 187o. 


A&BBBTXTB. (Vol. I. p. 41.) A variety of coal. This remarkable mineral, 
occurring in connection with the calcareo-bituminous shales, was first discovered 
about the yemr 18ft0, and has been by some regarded as a true coal, by others as a 
variety of jet, and by others again as more nearly related to asphaltum. It resembles 
the latter closely in appearance, being very black, brittle, and lustrous, with a broad 
conohoidnl firaeture, and, like oaphidtum, is destitute of structure, but differs in 
fusibility and in its relation to various solvents. It differs from true coal in being 
of one quality throughout, in containing no traces of vegetable tissues, and in its 
occurrence, as a ve%% and not as a bed. The vein occupies an irregular and nearly 
vortical fissure, and varies from 1 inch to 17 feet in thickness. It has l>een mined 
to a depth of 1,162 feet. The accompanying shales are iu some portions abundantly 
fille<l with the remains of fossil fiebes {Palt^iaoua)^ and it is not improbable that it 
was from these, in part at least, that the miner.il was derived, existing perhaps at 
first in a fiuid or semi-fiuid condition (in which state it has in some instmices become 
the oementing fiuid of conglomerates), and subsequently being altered into its present 
Ibm. Vegetable remains are almost entirely wanting in the shales. 

Since the first discovery of the Albert mines the amount of mineral exported, 
chiefiy to the United States, has been very large. The following are the shipments 
for the twelve years from 1863 to 1874 inclusive:— 


1863 

1864 
1866 
1866 

1867 

1868 

1869 

1870 

1871 

1872 
1878 
1874 


Tqu 

18,^0 

19,800 

20,600 

20^00 

17,000 

12,400 

ir.ooo 

6,000 


6,000 

6,000 

7,000 


Total in 12 years 164,800 tons. 


The royalty paid to the Government up to January 1, 1866, was /8, 089*20. 

The mmeru has been used in the United States partly for the manufaeture of 
oil, and partly for admixture with ordinary bituminous coals in the nrepantion of 
illuminating gas. For either of these rrarposes it is admirably adapteo, yudaing 100 
gallons of crude oil or 14,600 cubic feet of gas of L*uperim: iTluminatb^ power per 
tun. When employed with coal, it leaves as a residuum a valuable coke, ft is hoped 
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tliBt exploratioDB now in progress mayrendt in the diicoveryol otto entensiye 
deposits. The price has Taried at diraumit times ftom to JfSO'OO (gold) 

per ton. — Not§$ by iht Oaoloyioul Smtp$y ^ OmuUta, ^hiladslpliia Exhibition, 
1876. 

AUPVMTIO. A condition prodnced in plants hy the absence of light; 
blanching, or prerenting the formations of chlorophyll or the green oolonring matter. 
Tht formation of the acrid or bitter principle is also prevented, as is shown in the 
blanching of oeleiy and sea kale. 

jLUlinmr. (Vol. I. p. 42.) Tht adultmOion </. {AWumin$t Fr. ; Dos Albti* 
miny Ger.) Albumen is oft^ adidterated with stardi and ^om. To detect these the 
suspected albumen is dissolved in warm water. After restiug some time, the mixture 
is stirred. If white clots float about, it shows that the albunien has been coagulated 
by the employment of too mucli heat. If, when aoetie acid is added to the mixture, 
a precipitate irformed, gum is present. Starch is detected by adding iodine to the 
solution, which gives a blue black colour. The presence of sugar is determined by 
the usual tests. 

4LXiBirMav or B&OOB. This variety of albumen is being more need than 
that of egg. ^ ^ 

To obtain it. — The blood is collected in a circnlar flat-bottomed basin, with per- 
pendicular sides. It is allowed to stand for about 6 hours. The ‘ serum' is flnt 
decanted into a filter, and received in a vessel having a hole in the bottom of it, 
fitted with a cork, through which a glass tube passes up above the liquid. When 
the upper portion becomes quite clear, the tube is drawn down into the fluid, and the 
clear serum drawn off. The clear serum is evaporated by a gentle heat, and may be 
used instead of egg albumen. The dot is next put on the filter, and cut into small 
pieces. The serum running through is treated as before, and is used, when evapor- 
ated to dryness, for fixing dark and heavy shades. The blood of 6 0 x 64 yields 2 lb. 
of dry albumen ; that of 20 sheep or 84 calves about the same quanti%t* ' 

AX 1 OOBO&. (Vul. 1. p. 42.) (Aloool, Fr . ; Der ALkoKoly Ger.) If fr cobalt salt bs 
added to an alcoholic solution of sdphocyanide of ammoniifm, a deep )bluo colouration 
is produced, which suddenly vanishes on dilation with water, and reappears on 
fui ther addition of alcohol. Given the same volume, spirit of a certain percenter 
alwavs gives precisely the same intensity of colour with a standard blue solution, in 
whichever order alcoW or water may be added. It is possible ^n this way to deters 
mine quickly by a volumetric process even so little as one-fourth per cent, of alcohol 
in a mixture. A measured quantity of the dark blue standard fluid is placed in a 
cylinder, and the mixture to be tested is added until the colour is reduced to that of 
a strip of pale blue glass ; the volume of this pale coloured fluid will be the greater 
as the mixture is richer in alcohol. This volume, once determined, will alwan 
remain the same, and the percentage noted on a graduated cylinder may afterwards M 
read off without flirther trouble. The standara fluid is always prepared with spirit 
of the same strength, and compared with the same strip of glass. The nitrate of 
cobalt is the salt fbund most convenient for this purpose : eofowrsd brandy may be 
tested diroetly — in this case the tint is not blue, however, but green. Two cylinders 
are therefore necessary, one for the test, and one to give the desired tint in ooxijuno- 
tion with the blue glass. The cobalt solution may either neutral or slightly add, 
but should contain as little water as possible. — Zeitaohrift de» Oatorreich Apoth, var 
1876. • 

AXiOOXOgbOMarmT (Vol. i. p. 68), and ABOOXO& (Vol. i. p. 42.) M. £. J. 
Msuiuurfl published in the Annalea dea ChinUe for January 1877, a ‘Mdnoire sur 
la Nonvelle Mdthode Alooom4trique par la Distillation des miritueux Alcalisis.* in 
which he expAsaes his firm belid in the process of M. GAT-LuBSi.c, in opposition to 
the condusioDs of a report ^sented to the Academy of Sciences, advocati^ the use 
of the dbuUisoqqp of VxDAi^MALLmAwn. 

11. E. J. Maoioufi is well known by his previous works on alooholometxy, which 
have displayed a great amount ai predaion and considerable powers of research. He 
Bays:~ 

* I do not wish to discuss the conclusions of this report: I only wish to show Ihe 
motive for new researches on the standard (titrage) of wines by distillation, a procesa 
advised in 1828 by one of the most illustrious membars of the Academy, Gat- 
Lubsao, and employed everywhere since then as a very osrtain and precise method. 
It I may be permitted to speak of myself, I have preserved for the method of Gat- 
liUSBAiTB ja confidence, fonnaed on innumerable aniUyses, of which a great number of 
cases have reoeiVed confirmation, both direct and indirect ; and I have reoommended 
this method as the best in the two editions of my ‘ Traitd th4orique et praotiqua 
du travail des vine.' It appears to me a duty towards soisnos and towards the 
public to study the titratioji of alcohol by distillation, and to measure more Atnetly 
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than has yet been done, the influences capable of introducing error into this 
method. 

1 immediate^ set to work, and the results obtained being of a nature to interest 
the Academy ara the public, 1 hasten to submit them to thw judgment.' 

M. £. J. MAVUMsit modifies Gat-Lubsac's mode of estimating aleohdi as follows: — 

He distills to one half 200 c.$. of the spirituous liquid (containing not more than 
16 per cent, of alcohol) measured at 16° 0., and rendered slightly alkaline with caustic 
soda. The alcohol in the distillate at 16° is determined by a good eehtigrade alco- 
holometer. If the distillate should contain an appreciable quantity of ammonia, it is 
neutralised with a few drops of sulphuric aeia, and re-distilled. Alcohol may be 
estimated to within *06 per cent 

The method of Gay-Lussao is by a complete elimination of all the products con- 
tained with the alcohol in the wines, and a perfect isolation of the alcohol in the first 
products of distillation ; or, if greater exactness is required, an isolktion of all tho 
alcohol, accompanied with a certain quantity of pure water. 

When the wines are not rich, not abore 0‘11 to 0*12 of alcohol in Tohime, the 
illustrious chemist produces this isolation in the first third distilled ; when the wines 
contain more alcohol, it is well to push the distillation to half; but, with this pre- 
caution, the distilled liquid contains all the alcohol of tho original liquid. This 
alcohol is only mixed with pure water, and the alcoholometer will immediately 
indicate the quantity, if tlio temperature of the mixture is + 16°. For other tem- 
peratures, a oorrecuon must be made of tho tables arranged by Gay-Ldssac and 
Col LARDBAU. 

For a long time Gay-Lussac's method has fulfilled the end proposed in the manu- 
facLure, and even in the laboratory, without any complaint. His exactnoss was cem- 
sidcred to have attained to ^Ih of a degree, and it gave tho contents of alcohol to 0 01. 
Lately this has not appeared sufficiently evident, and the Boporb '^lade to tho 
Academy shows a preference for the Vidal-Mallioamd dbuIliscuM, which directly 
ascertains the strength of hydrated alcohol by its boiling point. The causes of this 
deserYe to be carefully examined. 

In the study of wines it is easy to recognise the presence of other matters as 
volatile as the ordinary alcohol, G^n*0^. There is found — 

1st. Of other alcohols : the propylic, butlyic amylie alcohols, &c. 

2nd. Ethers, the presence of which has not been shown directly, but indirectly by 
synthetical assays, of which M. Maumenb made known the results to the Academy, 
and which M. Dumas affirms, agree with his own experiinonts. 

3rd. Ethylic aldehyde, and perhaps other equivalents 

4th. Volatile acids, in the first rank of which figure acetic acid, and the propylic or 
propionic acids, &c. These acids are liquid at the ordinary tompemture. There exists 
in wines, often in large quantities, a well-known gaseous acid,- -carbonic acid, — which 
is inseparable from ^conol in tho vinous formantntlon, and which possesses peculiar 
importance. This has been shown in the treatise of 1874, already referred to. 

M. Mauven^ exmines with great care the influences of alcohols, of others, of 
aldehydM, and of Mids upon various comlunatious, and tests the merits of tho process 
by fractional distillation, and by the ^bulliscope of Vii>Ai.-]lfiALi.ioA2a>. Numerons 
tables are given, of which one or two may be quoted as examples. 


Wine of Carcaesonne reiaVed at Q franc 60 cmtimeB in Parim 


Frset onB of AO^ 
of produete of 
dlrtiUetion 

Densities to +16® 

Alcoholic richness 

Acidity in soeilo add 
0*H*0* (per litre) 

• 

1 

0,92906 

63 

0,640 

2 

94480 

44,6 

• 1.067 

8 

96120 


1,178 

4 

97190 


1.887 

6 

98230 


1,498 

6 

98860 

8,6 

1,644 

7 

99487 

8,6 

1,589 

8 

99760 

1,67 

1,662 

9 

90960 

0,82 

1,788 

10 

99986 

0,01 

1,818 

11 

1,00012 

II 

1,920 

12 

H 

II 

2,006 

18 

l| 

II 

2,184 

14 

ff 

11 

2,672 
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WvMfronk tke mighbourhood of ^ ^ ^ cmiimi the lUro 


FnetifHM of 0OM 
of prodootiof 
dbUllstlon 

DeniitleBof -t-UO” 

• 

AloehOUe itiongth 

Acidity In eoetloaold 
0*a*<y (per jure) 

1 

0,92074 

66,98 

gr. 

0,820 

2 

98082 

47,32 

0,947 

8 

96708 

86,76 

1,036 

4 

96986 

26,86 

1,098 

5 

98028 

IS, 97 

1,100 

6 

98901 

7,92 

1,148 

7 

99422 

8,98 

1,164 

8 

99762 

1.67 

1,185 

9 

99941 

0,89 


10 

99992 

0,06 

1,218 

11 

1,00011 

n 

1,264 

12 

f» 

19 

1,298 

13 

If 

ft 

1,840 

14 

H 

fi 

1,885 

15 


If 

1,434 

16 

tl 

» 

1,482 

17 


ff 

1,526 

18 

l» 

»f 

1,667 

19 


ff 

1,614 


SoToral siiuiliir tables are given, for which we must refer to the Memoir itself, 
goiiorol summary of the results will be found in the following table 


Nuniljor of 
oxpminient 

Nature of wine 

AloohoUo Btrength 

Diminution 
due to add 


Red, Carcassonne . 


9,88 


0,1779 


Id. Chogny 


10,78 


0,4811 


Id. Fodensoc 


9,79 


0,4088 


Id. commercial (Paris) 
Id. Chagny, iced 


10,81 


0,2428 



12,16 


0,2067 

6 

White of commerce 


10,14 


0,8881 

7 

Id. Ghablis 


10,26 


0,6116 

8 

The same (ozygenised) . 


7,87 


2,1668 

9 

White, Bouzy 


12,76 


neglected 

10 

^ Id. Yeisenay . 


11,75 


id. 

11 

Id. RiUy . . 


11,62 


id. 

12 

Liquid diluted alcohol . 


10 


ff 

13 

- Id. « 


20 



14 

• Id. 


26 



16 

Id. 


80 


If 

16 

^ Id. and wise . 

18,9 


91 

17 

M. . . 

• • 

iA /saturation'! 
\ ofOO* / 

(not add) 

18 

Id. 

s a 

30 et 80 

id. 

(id.) 

19 

Id. 

• • 

10 

id. 

99 

20 

Wine of molasses • 

t • 

6,37 


0,6056 


In vol. i. p. fil a set of tables is giyen by M. Qat-Lubsao, showinff the aleoholo- 
metrioal strength of spiritnons liquors. The following table, by M. Mauioms, is as 
appropriate supplement to those tables:— 
















42 


ALOOHOLOMBTRY 


CompoHtion of mixtures of Alcohol and Water at the temperaiure qf -i- IS** 0. 

(60® F.) 














M. MiuHBiri oonoludsfi his valuabls Msmoir by giving the results obUinod by his 
method and by the ^bnlliosoopet which we copy on Qie hulowiog page. 
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ALDER.BARK 


Number 

Kind of wmo or spirit 


Method of 
Mxuiimii 

of VmAL-llALU- 
QMXD 

1 

Bed wine, Carcassonne 


6,62 

9,96 

•f0,88 

2 

Id. Ghagny . 


10,76 

10,76 

+ 0,49 

8 

Id. Podensne . 


9,88 

9,55 

+ 0,87 

4 

Id. commerce (Paris) 


10,42 

10,05 

-0,87 

5 

Id. Ohagny, iced 


12,26 

11,70 

-0,65 

6 

White wine, commerce (Paris) 


10,14 

10,45 

+ 0,31 

7 

Id. Chablis . 


10,41 

7,82 

10,40 

+ 0,09 

8 

Id. Ohablis (oxidised) 


7,96 

+ 0,18 

0 

Id. Bouzy 


12,72 

18,10 

+ 0.88 

10 

Id. Verzenay 


11,74 

11,15 

-0,59 

11 

Id. Billy . 


11,61 

11,00 

-0,51 

12 

Alcohol and water 


10,12 

9,76 

-0,37 

13 

Id. 


20 

20,66 

+ 0,66 

14 

Id. 


25 

24,10 

-0,90 

15 

Id. 


30 

30,00 (15,30 X 

2) +0,60 

16 

Id. and wine 


13,04 

13.50 

-0,44 

17 

Id. 


10,22 

10,00 

-0,22 

18 

19 

Id. 

Wine of molasses 

{ 

20,04 

30,08 

6,24 

20.60 

S0,60 (15,30 X 
5,30 

+ 0,46 

2) +0,62 
-0,94 

20 

Id. 

* 

10,00 

10,00 

-0,06 


The value of the two methode will be fully understood by a careful Examination of 
those conditions. — AnnaUa At Chimit tt At Phyaigue. 

* Ltttetion of vinic aloohol in mueiurtt, and eawcidiM in presence qf wood spirit. 
MM. A. Bighb and C. Babot. See Dr. ITbb’s ' Method for detecting wood spirit in 
alcohol/ vol. i. p. Od. 

The method of the authors depends on the following principles : — Aldehyde turn 
the red colour of the salte of rosaniline to a violet. Methyle and acetal possess the 
same property. This colour resists the action of sulphurous acid, which readily dis< 
charges magenta. If the liquid does not mark 80° on the alcoholometer, — the case 
with all commercial alcohols, — 4 c.c. are poured into the bo«ly of a small retort, and 
6 O.C., of ordinary sulphuric acid are then carefully added. After having warmed thn 
apparatus for an instant. 10 c.c. of water are added, the apparatus is stoppered and 
heated, and 7 to o c.c. are allowed to distil over into a {jpraduatod test-tube, in whieli 
have put 10 c.c« of water. Into the test-tube 6 c.c. of sulphuric acid at 
21 '^ B. are TOured, and 20 c.c. solution of permanganate of potash at 4° B. After 
fri>m three io five minutes, the liquid will have become decidedly brown, and 4 c.c. of 
hyposulphite of soda at 88° B. are added, and then the same measure of a solution of 
mwnta of 2 centigrams per litre. If the liquid in question marks less than 80°, it 
is dilut^ wi^ water down to 6°, and 80 c.c. are taken and distilled with 10 c.c. of 
sulphuric acid, and 12 c.c. are collected mid mixed snccessively with 4 c.c. of acid 
and the other reagents in the proTOrtions mven above. Under these circumstances, 
wood spirit gives a yeUowisb white liquid ; whilst if it is accompailied by vinic 
alcohol, the liquid takes a violet colouration, the more intense in proportion to the 
quantity of olcohoL The operation requires only a few minutes, and the test- 
tube is marked, so as to indicate the quantities of the reagents to be introduced. 
Acetone formic acid, and isopropylic alcohol, do not give a colouration under these 
circumstances. 

But the ease is different with the propylic, butylic, andamylic aleohsls. This is not 
of practical importance, because these alcohols are not found in commerce in a 
separate state, and only occur in vinic alcohol. In this cose, however, the authors 
lower the alcohol to 8°, and treat successively with 6 c.c. of acid, 6 e.e. of 
permanganate, 2 o.e. of fayporalphite, and 4 o.c. of magenta. The methylic, 
butylic, and amylic alcohols yidd a sulphur yellow solution, the propylic givM a 
greenish grey tintk whilst vinic alcohol produces a purple cotouration.- Chemical Nma, 
April 28. 

AliltWIUO IWW I (See Aloib, vol. i. p. 60.) 

This bark contains a colouring principle combined with its tannin. The bark is 
well boiled in soft water, and scrap iron added, which is allowed to act fo^ some 
time. The blacks produced are said to be very rich and permanent. 

With tin and alumina, the colouring matter of the al&r yields a variety of bnA, 
ydlow, brown, and orange shades. • 
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JkJUPA VXMUI. (The fibre at Maofoohloa tmuMma). The moae important 
of the Tegetable produolioxiB of Algeria. It giowi apontaneously over TOtt tnicte 
of country, where cnltiTation of any deacription is impossible. 10,000,00d acres are 
covered with this pluit, from which a quantity of paper-making material may be 
ooUected, equal to &ree-lburths of all the rags sold and used throughout the world. 
The exportation of al&, whi^ in 1869 amounted to 4,000 tons, and in 1870 to 
32,000 tons, amounted in 1878 to 46,769 tons ; in 187% it reached 68,000 tons, and 
in 1876 exceeded 60,000 tons. 

JkAQM, Fresh water, (Vol i. p. 67.) The C^iophora glomeraia appears to be a 
Bouroe of i^ine and bromine which has been neglecteA 

Jbssuib found in 100 cwt. of the ash of this plant 21*6 grams of iodine, and 8*6 
grams of bromine. The plant analysed by Jbsslsb grew in an ordinary stream of 
water. H. ZwfQHB analysed other plants which grew in water, containing a large 
quantity of lime, with like result. SpBUfOBL and others assert that all those al^ 
which grow in a soil rich in common salt contain iodine and bromine. Spbbnobl 
found both these in another freshwater plant, Lemna miner.— H. Zufann, AreK 
Thnrm. 

JLUBASATU. Several alixarates can be formed by the decomposition of 
the ammonium salt. 

Almost hU other salts can be obtained by double decomposition from a nearly 
saturated alkaline or ammoniacal solution of alixarin, with the corresponding soluble 
metallic compounds. The following tsible, given by AunasACH, shows the colour of tlie 
different metallic alizarntes as precipitated : — 


Chloride of strontium 
Sulphate of maguesia 
Chloride of magnesium . 
Chloride of iron (ferrous) 
Do. do. (ferric) . 
Chloride of chromium . 
Sulphate of copper . 

Uasic acetate of lead 
Nitrate of mercury 
Chloride of morcuiy 
Ammonio-chlorido of copper 
Tartar emetic 
Chloride of tin (stannous) 
Do. do. (stannic) 


Violet, eUghtfg reddish 
Blueish violet 
Dark violet 
Blackish violet 
Brown black 
Brownish violet 
Brownish red violet 
Violet, lightly hrtkniish 
Dark violet black 
Dark violet 
Deep violet 
Reddish yellow violet 
Reddish violet 
Pure violet. 


A&XZAKATS or AMMOSrxVM. The transformation of alisarin by means 
of ammonia has boon examined by ScKijrzBXBEBasiR and Paiur. That of purpurin by 
Stjuthoubb and ScHurzHNunBOER. To obtain accurate results, it is needfrl above all 
things to sot out with a pure alizarin. Libbbbmaen and Tboschkb acted upon 
alizarin with ammonia at temperatures between 160*^ and 200**. If concentrated 
solutions are employed, only a single product is formed by the reaction. This is 
precipitated in reddish-brown flocks on the addition of acids to the purple solution. 
This compound is formed in accordance with the equation : 

• C“H“0* + NH« * . NH* . O* + H*0. 

AXiZZAItnr. (Vol. i.p. 70.) Alizarine, {jAlizathw^ Fr. ; Dae Alizarin^ Ger.) la 
addition to what has been said in the volume referred to, a brief history of the dis- 
covery of the aiqiflcial product, mainly derived from Attbrbacb, will be of interest, aud 
will complete the history of the chemical researches given. 

The earliest ohemioal researches on the madder root are due to Watt, Buohholz; 
Hauskaitk, KuilbfAiRr, 8cc. In 1826 Colin and Rouquxt obtained alisarin and 
purpurin, the former in a state of purity. The name * alizarin ’ was taken from Alizarin 
the commercial name for madder root imported from the Jjevant. The colouriiiff 
matter was first named 'mati^ colorante roi^e’ by Gaultibb db Olaubby and 
Pakaoz, * madder red ' by Rungs, and * lizaric acm ’ by Debus. 

Robiqust was the first who analysed alizarin, and obtained numbers which agree 
with the formula as now received if calculated on the correct atomic weight 

of earboa. Souini. in 1846 gave the formula of alizarin as C**H*0^ and Debus in 
1848 made it Schuncx adopted the formula although his results 

agree better wich C**H*0^ Shortly amrwards, in 1849, Gbrhakbt drew attention 
to the similarity between alizaric add and phthalic acid, and pronounced 

the two identical, on the ^und of certain qualitative experiments. This view was 
afterwards confirmed by the nualysos and comparisonB of Wolft and Stbbckbb. They 
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thttt arrived at the oonclusion, that alisarin and chloTOXjnthalio acid, 
vbich Liheviae yields phthalic acid on oudation, are eloeelj related; a|id they 
pointed out the great similarity of the two in their physical properties. In conse- 
quence of this new, they assigned to alixaiin the formula C'*H*0*. 

Latterly ScHhrzavBBBOBB and Parat, relying upon their examination of a com- 
ped of ammonia and alizarin, propos^ to double the formula, and assume it as 
C**H>*0*. Balt and Eosa proposed the formula which was, however, re- 

jected on account of the uneren number of the atoms of hydrogen. The first who 
arrived at the correct formula was Stbbgxbb. He proposed the formula 
and this was confirmed by the reduction of alizarin to anthraoen efifectod by GBAsnB 
and LiBBBBiCAxm as already stated. Vol. I. p. 70. 

The mannfiicture of alizarin was long checked for want of the raw material, 
since anihraom^ which is converted first into anthrachinon and then into alizarin, is 
found, to a small extent only, in cool tar. 

They now obUin the raw material in quantity. Phthalic acid, C'*H*CP, is pro 
duced by oxidising naphthalin. Benzol, is an abundant constituent of coal 

tar. If the chlorine compound of phthalic acid, C'*H‘O^Cl*, is heated for 12 hours 
with benzol to 220** 0. in a closed vessel, anthrachinon is obtained according to the 
following reaction : — 

C»H‘0*C12 + - C*«n*0' + 

Phihnlio ohlorido. Benzol. Anthrachinon. Hydrochloric acid. 

This process is one of Piccard’s. — Rbimamn’s Father Zeitung, No. 4, 187/i. 

According to Hoghledkb, morindone, the substance obtained by the decomposition 
of morindin by heat, is identical with alizarin. This view is corroborated by tines- 
HOtrsK, who suggests Morinda citr^foha as the best source of alizaAi, ns it contains 
that substance free from purpurin. Stbib denies this identity, Ann, Ch. Pharm. Ixxxii., 
Chemical 8ooiety*a Jowmalt Jour. p. Chem. xcvii. 

Alizarin may be separated from purpurin by passing a jet of steam into water con- 
taining madder in suspension at such a rate as to keep the temperature constantly at 
6,5^, never allowing it to rise higher, and repeating this treatment till the wash waters 
run ofif quite colourless (purpurin dissolves in water at from 25° to 55°, whereas 
alizarin l^ns to dissolve onV at 75°). On adding baryta water to these waters, 
purpurin is precipitated in the form of a lake. Madder thus treated yields from 2 to 
8 per cent, of purpurin, and 4 to 4^ per cent, of alizarin. — L ritknbhrobb, Bull. Boo. 
Chim. X. See also Watts’s Dictionary of Chemistry for MoBZXDozra. 

Part jAayed hy Acids in dyeiny with Alwarin and its oonymers. M. A. BosxNfirriBHi.. 
— The author has shown in a former paper that the best results are obtained in dyeing 
with alizarin and purpurin by adding to the baths equal equivalents of these substances, 
and of lime in the state of soluble bicarbonate. In continuing his researches, he has 
discovered further facts relating to the chemical function of ^ese tinctorial bodies. 
If a dye bath is made up of water containing bicarbonate of lime, as the temperature 
rises there is produced a chemical action between this salt and the colouring matter, 
the xssult of which is the formation of an insoluble lime lake, which takes no part in 
the process of dyeing. Comparative trials have shown that in the best conditions the 
loss is one-fifth of the colouring matter. In the paper rofozrcd to it was shown that 
carbonic acid rapidly decomposes the alizarin lime lake — that it acts more slowly 
upon that of purpurin ; but that it, hy its presence, very much retards the formation 
ot the latter lake. It results f^om this observation that the loss may be avoided by 
passing into the bath a continuous current of carbonic acid. Experiment confirmed 
this : in the presence of carbonic acid the formation of lime lakA is prevented, 
the bath can totally exhausted, and the colours obtained are notably more intense. 
After having proved the good effect of carbonic acid on the small scale, ^sbhstibhl 
repeated his experiments on quantities from 1 00 to 200 times larger, so as to approach 
the oonditious of industrial operations. He dyed pieces of 25 mitres in 50 utres of 
water. The result of these experiments was very ailTerent from that oWined on the 
small scale. No useful effect resulted from the employment of carbonic acid, except 
the quantity of carbonate of lime was decidedly la^. Hence the author ^ngludeB 
that in operation on the large scale the same losses are not experienced as on the 
small, slUiongh in the two cases the same colouring matters are need in the 
^paztions and in identical conditions of temperatnre. The cause of this remarkable 
discrepaney lies in the mass of carbonic acid naturally dissolved in the wativ, which 
prov«>s an obstacle to the fbrmation of calcareons lakes. It is soon expelled fiiom the 
small volume of water need in laboratory experiments, whilst a longer time is required 
for its escape from a huge volnme of water. Therefore the dyeing may be completed and 
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the beth be ezhamted befbre ell the gee hae eaeaped into the air. Thii ezplaini a 
feet ihniliaar to pnetioal men, the oaaae of trhioh ^vaa unknown : it la impoaaible 
to execute Mreraf aucceaaiTe dyeinga in the aame bath, eren if it ia re-aet wiui chalk 
and tinetonal matter. The earbonie acid haa partly eaeaped dnri^ the Arat opera- 
tion, and what temaina ia not anffldent for a new operation. Hence thia gw, w 
natux^y dhunlyed in the water, playa an important pa^. BoauTannHi. then made a 
aetiea of experlmenta with aeveral aalta of lime, and found that acetate of lime and 
acetic acid may advantegeonaly replace the carbonate and carbonic acid. During the 
operation the mordanted tissue laid hold at once of the lime and of the colouring 
matter. The acetic acid ia set at liberty, and erapoiatea in the water or accumulates 
in the bath without at all iiyuring the saturation or the mordants, which is thus ewily 
effected in an acid medium. He nw tried the action of this ealt on various colouring 
matters of madder, on the extracts, and on artiAeial alizarin, and found that it pre- 
cipitates none of them, if we do not overstep the proportion of two equivalents of 
acetate to one of colouring matter, and take care to acidify the bath firam the begin- 
ning. The colours come out of this bath perfectly saturated ; the bath is perfectly 
exhausted, and is, after dyeing, more limpid than if carbonic acid had been useoL 
The same beneAdal results were observed on the brne scale. The advantages of this 
method are evident : it is no longer necessary to exhaust the bath at once, and wo 
may dye in presence of an excess of colouring matter, working at a lower temperature 
and in less time. 

AMCAm, Uu yUro-derimtiifes qf. Monawiyi aUtarin . — On boiling alizarin 
for several hours with acetic anhydride in azceai it ww gradually acted upon, and 
after a time the mixture became a mystallme mass. The toiling being continued for 
alout a day, so that no unchanged alizarin might remain, the p^uct ww allowed to 
crystallise. As the solution cooled, bright golden scales were deposited, but after- 
wards groups of primrose yellow crystals. These two bodies were carefully separ- 
ated — the primrose yellow crystals were monacetyl alizarin, and the golden scales 
wore Diacetyl alteartn, which may to formed by simply toiling alizarin with consider- 
able excess of acetic anhydride. 

liitrc-<duann.--Dwicij\ alizarin in Ane powder was gradually added to nitric 
acid, spec. gray. 1 5, cooled with ice ; it dissolved, and the acid became the colour of 
bromine. This solution, when added to a large excess of water, deposited a yellow 
precipitate, which ww collected, well washed with cold water, and, when free from 
acid, boiled in water, to dissolve out a small quantity of an orange-coloured secondary 
product. The insoluble residue was dissolved in hot dilute caustic potash, with which 
It formed a blue violet solution, and was then addiAed with hydroworic acid, when 
a copious yellow precipitate sepanted: this was washed, dried, and oystallised 
several times from alcohol. Nitro-aliimrin crystallises from alcohol or glacial acetic 
acid in beautiful yellow needles. It dissolves in caustic alkali with a very blue violet 
colour, if anything bluer than that of alizarin; but if only a minute quantity of alkali 
is employed, the solution is of a beautiful crimson colour. Its solution in ammonia 
is also violet. 

When oxidised with nitric acid it produces a crystalline acid, which is apparently 
phthalic acid. 

AmidO’aliMarin. — Nitro-alizarin is rapidly changed by the inAuenee of reducing 
agents. By toiling its potassic solution with granulated tin, its colour qui dcly chao^ 
to a beautiful ted, after which it becomes orange red. This is snudo-alumn. It 
dissolves in alcohol, but not very freely, pztoucinc a beautiftil crimson sdution 
sliphtly Auoreseent: alkalies likewise dissolve it, fbri^g crimson solutions. When 
boiled with solnhate of alumina it gives a beautiful purple solution, from which 
ammonia pieeipSUtes a purpis red lake. 

These colouring matters possess the power of dyeing ordinary madder mordants. 
Kitro-alisiriD gi^, with alumina mozdants, very clear orange red colours, not unlike 
some of tile colours produced with qicrm, and with iron mordants reddish purfdo 
eolours. The use of a small percentage of carbonate of lime in the dye bath is very 
useful in dyei^ with this substance. 

J mi de MMa rin gives with alumina mordants purple colours, and with iron a bluish 
or Bteel-liks odour. 

These ookmring matters also dye eilk without the use of mordants, the former 
givtoga gulden yellow, and the latter a good crimson colour. * On Acetyl- and Nitro- 
Deri^mves of Aliiavin/ by W. H. Fanuir, F.B.8. J<mrnal nf the Ckumeal Society, 

im, vefl. a 

■ Tift liB— ’ (Miewrim virte. Ft.), was Asst preparsd by Froflmsor G. 

Kopp^and deMads upon the different action of snlphnrons acid upon the gluoosidas 
fo aliiuin ana mirtmrin. To uypare green aUsarin, madder is mixed with 10 paita 
of aqneons snlphurio acid, to wbicti a nttle hydrochloric acid is added to decompose 
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the lime salts present. The mixture is ponied into a well eoTered wooden ressel, and 
allowed to stand firom 12 to 24 hours w»h oooasional stiirinj;. The sentidnid mass is 
put upon a filter bag ; the bottoms of the cask are rinsed into the beg with a little 
water ; the whole is allowed to drain, and the bag is submitted to a gndual but 
powerfhl pressure. The liquid is placed in a wooden yesseL The pressed mass is 
again treated with 10 parts of sulphurous acid, and the flltmted and exmessed liquids 
are added to the first lot. The pressed residue is thus treated ibr the third time. 
The liquid has a bright orange colour, with a brownieh caat if bighlj concentrated. 
This can be preserved at common temperatures for any length of time in closed 
▼easels. If heated, it undergoes a remarkable change. Green alizarin is completely 
precipitated in from 24 to 36 hours, which is facilitated by gentle shaking . — Anthrax 
oen^ by G. Aubbback. Translated hr William Cbooxbs, F.R.S. 

AUUL&Z MAinnPAOTVma. (Vol. i. p. 70 ; Alkali, toI. iii. ; Potabk, 
▼ol. iii. p. 691 ; Soda, vol. iii. pp. 868-4, &c.) 

In the previous volume the alkali manu&cture is treated under the heads referred 
to. The improvements which have been made, and which it is desirable to mention, 
have BO mucin in common, that it is considered Hdvantageous to introduce the con- 
sideration of them under one general head. At p. 864, vol. iii., the decomposing pro- 
cess is considered. Amongst the most recent improvements is the intrwuction of 
the now decomposing furnace of Jokes and Walsh, which is well described by Mr, K. 
C. Clapham. from whose paper we extract the following : — 

* The best methods of decomposing salt with sulphuric acid have long attracted the 
attention of mauufketurers, for it is admitted on all sides that those adopted hitherto 
in practice have been unsatisfrctoiy, leading to expenses from partial stoppage of the 
work, breakage of paua^ and loss of sulphuric acid. 

* \^hien the present system of makinn soda was commenced on the Tyne in 1820 (at 

that time callM the Franch system), the chemical trade was very and small 

lead pans lined with brickwork were used in decomposing salt A charge of 2 cwt. 
of salt was taken, the sulphuric acid was slowly poured upon it from a carlwy, 
through a hole in the top of the furnace and it took three hours to complete the 
operation. But as these lead pans were so liable to be injured, a fire brick fnniaoe 
was substituted in 1828, which was looked upon then as an improvement, and was 
well known locally as the * Bandy ’ furnace. At that time no Attempt was msde at 
the condensation of the hydrochloric acid fiimes, and they passed airecUy into the 
atmosphere. A great improvement upon the above was introduced in 1840, by the 
late Mr. Jokk Lbh, who applied a metal pan about the same size as we now use, and 
its adoption by the trade h^ led, amongst other advantages, to a large saving in sul- 
phuric acid. This pan has, however, ^n always liable to fin^uent breal^e from 
negligence of workmen and other causes, and to get over this difficulty various sub- 
stitutes have At times been tried. In 1860 I had some fire-clay pans made at the 
Scotswood Brick Works, which were used at the Walsxb Alkali Works. They were 
found to work pretty well, but were given up from the difficulty of getting them pro- 
perly heated. 

* If we allow that the life of an ordinary decomposing pan is long enough to turn 
out 2,000 tons of salt ^in a few cases it may be more, but many will know that in 
some cases 1,000 tons is a fair quantity), I calculate that on the Tyne alone not less 
than 6,000^. per annum is speirt in renewal of decomposing pans ; and if we take into 
account the loss of time caused by the breakages, the extra labour required, and the 
waste of acid, the money loss under these b<^B will be very considerable. In the 
face of these facts, there would then appear to be ample room for improvement. 
Messrs. Wii.liam Jokbs and John Walsh, of Middlesborough, have contrived uid 
erected a new class of decomposing Aimace, which completes the whAe charge of ealt 
in one furnace. This furnace has now been at work several months, and from an 
examination of the plates forming the dish of a furnace which was l#id off a few days 
ago, I found the plates to be as fresh and good as when erected. 

* The fhmaco, which is now in actual work, and from which regular resnlts have 
been obtained, consists of a metal dish, divided into six segments, all tightly fixed 
together. The metal is 2^ inches thi(A, and the whole rests on solid bri^-work. 
Its inside diameter is 16 ft., and the charge of salt is about 12 tons each 24 honn, so 
that a fhmace of this capacity (allowance being made for draughts and local mattm) 
will turn out about 80 tons of sulphate in six days. The batch is kept in constant 
motion by means of two metal arme, worked from a centre shaft, to which hH fixed 
pddles and rakes, and the whole mass is much more completely mixed than in a 
nand-worked furnace, and the enlphate prodnoed is of a fine and unifeem ehevieter. 
The motion given to the crown wheel is ^ from a donkw engine, and an engine 
with a 6-tnch cylinder is found to be sufficient to work the fiimaee. At pveeent the 
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batch is both charged into the fhrnaee and discharged by hand, but Mr. Goodxam 
expects to perfect a plan to do this by machinery. 

* The advantages to be derived from this new furnace may be described as a more 
regular daily plan of working ; freedom from sudden st.ippages by the breakage of 
the present pans ; a direct saving in wages, as onl^ one workman is required on each 
shift; for charging and working the furnace ; a saving of fuel, as the heat required is 
less than in the old fiimace, and 8 cwt. of coke per ton of sulphates is used in the 
place of 9 cwt. of cool (>64 cwt. coke) by the old furnace; a saving also of sul- 
phuric Bcid calculated to be equal to 2 ^ cent. Then again, owing to the complete 
mixing and better working of the batch by machinery, a great inconvenience felt by 
the public living in the neighbourhood of chemical Works, by the batches being some- 
times drawn by the workmen in a partly finished state, and containing free hydro- 
chloric acid, is entirely avoided. The fumes are emitted in a gradual and uniform 
manner throughout the working of the batch, and the condensation is, therefore, more 
perfect ; and as the whole of the gas is passed through one coke tower, it is con- 
densed into hydrochloric acid of 26^* to 28° T. 

‘ It therefore appears, that both in an economiaal and sanitary point of view, tliis 
fiirniica is an improvenieiiL on its predecessors. In the description 1 have given, I 
have purposely confined myself to a furnace in actual daily work, and from which 
known results have been obtained; Vmt it is not unreasonable to expect that experience 
m ly show that a much larger weekly tnrn-out may be possible. 

* Mr. JnNRS, following Mr. Clapiiam, remarked that they were absolutely driven to 
use tliis furnace by the nnsconduot of that very low rlass of workmen, the decompo- 
Hiiig men. They had their troubles at Middlesboiough, as well as we on the Tyne 
|] .d ours ; and with the men constantly getting drunk and coming in and breaking 
tlie pots, It became at last a serious question whether they c^mld not dispense with 
them altogetlier; and ho made up his mind to endeavour to do so, even if it cost 
them more to do the work by mechanical means tlian by manual labour. This was 
their motive in trying this plan. Now, they found at first that continuing a few of 
thesu men to work the furnace, they had very great dilficulty in getting it to work ut 
all. By some mysterious means which they had not the means of ascertaining, the 
turnsce porpetimlly went wrong at night: a cog broke, or tho^irown wheel gave way, 
or Homuthiiig or other went wrong ; and they did not get to the end of that trouble 
until they had discharged every dsijoniposing man from the place and got common 
labourers to do the work. 8ince then, they had got on very much bett»‘r with the labour 
department, lie might say that now the bibour was done by one man — a strong, 
serviceable follow who had lieen a cab-driver, and he drove the machine by day, and 
his mate by night; so that by means of one man each shift, they wore now doing 
the work which formerly required three men— that was to siiy, they had a derompu- 
sing man at the pot, and of course they had a man at the roaster, and a man wheeling 
to the pot. Now, their one man does the whole of this work with the present 
machine. He wheels his own chaises, he charges the machine, he minds it during 
the operntiuri, and he discharges it ; so that they would see that in those points tliere 
was a very considoruble saving of labour ; and the fact whs, that at the present time 
they were simply {mying this man— or rather these two men — who work the furnace 
at tlie rate of Id. per cwt. ; for that they did the whole of this work, and were 
earning nearly 3^. a week each : so that Uiey were liberally paid. There was no 
dciubt that by quibkouing the process a little they could do better. They had not yet 
got ouite all the satisfiictoiy results they wished for ; but by shortening the times of 
the charges, and getting a larger output, they would work the furnace considerably 
cheaper than they;were doing. Their Mr. Wolsh said he would not be satisfied 
until he got it done for a cwt. or lOcf. a ton. He had not got it to that yet, but 
he had Mcomplisbed so much that he (Mr. Joxbb) did not doubt he would do it. As 
to the time of working the chaiges, they were at present working the ftirnaoe under a 
little want of draught ; and tnerefore it bad not yet quite fulfilled Mr. ‘Wxlsh’s 
expectations as to the amount of output; it was doing very little more than a smaller 
ftiraace which they had at work previously, and which had a better draught. But 
this was a mere mechanical matter, which could be put right in a fsw days. Then, 
it would be a great point to save time and save furi by getting the charges put in 
and withdrawn mechanical means, and a considerable saving could bo efiTsoted in 
that way. Gentlemen would easily understand that a man could not tlirow five tons 
of stuff into anything with a shovel in a very short time ; it took fully an hour — with 
a very good nuui indtod — to throw in five tons with a shovel ; so that that hour is 
practically lost in charging a machine ; and it took a still larger time to draw that 
charge out by hand. These were the two points which Mr. GooDMan thought hs 

r would be aUe to improve upon very materially, and he (Mr. Jorraa) did not doubt it 

I would be eo. When theee were added to tiie existing furnace, he wae strongly ol 

‘ VoImIV. E 
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oBinion thftt It would tu^i out fully what Mr. Claphax had tttttted in hii paper that 
night, and perhaps more.’ — TransaotvonB qf th$ NewooBtU-upon-T^ns Chtmioal 8oeMg, 
Bfarch 1876. 

— Mr. GaoBOB E. Datis girei the following analysis of salt-eake : — 



A 

B 

0 

Insoluble in water 

0*112 

0*078 

0*042 

Free suLphuric acid 

0*966 

1*820 

0*022 

Sulphate of lime 

. . . 1*139 

1*148 

1*046 

Persulphate of iron 

0*682 

0688 

0832 

Chloriae of sodium 

2*682 

0*284 

0*744 

Sulphate of sodium 

. 04*398 

96*187 

07*824 

Moisture . . . . 

0087 

— 

— 


This is mixed with a certain quantity of limestone, with which clay or sand is often 
combined, to the disadvantage of the process. This is worked into a mixture, and 
charged into a reverberatory furnace, which will be understood by reference to the 
annexed fig. 

2205 



CO. 

D D. Air Inlet. 

E. Ring for aUowanoe of expansion In 
cylinder. 

F F. Revolving fnmaoe, Uned inside with flre< 
brleks end blodks. 

O. Charging hole when on top, and discharging 
hole when on bottom. 

H E. Friction rings which work upon friction 
rollers, 1 1. 

I I. Steel'tlred friction rollers. 

JJ. Foundation bearers sitting upon strong 
iron tlC'plates, K K. 


Guflufl* 

Qes Inlet for regulating ] 
supply of goo. 
Combustion obamber. J 


SiXMXNs’ patent 
arrongomout. 


K K. Foundation platen. 

L. Waggon for receiving black ash, and 
driven by englnei M M. 

MM. Bigh>pressnre engine for driving the 
blaok-osh cylinder and waggons, and 
being varied In speed by the gvanng. 

N N. Air-fiue for supplying heated air to com- 
bastion chamber and heated by the 
waste heat after passing through the 
fumaoe, F F. 

0 0. Oost-lron air heater. 

F P. Salting-down pan, over which the waste 
heat passea from the revolving funiooe. 

Q Q. Vat for supplying salting-down pan. 

R R. Drainer pan. 


This furnace is provided with two beds, one of which is at a lower level than the 
other, the one nearest the fire being the lowest one, while the charge is introduced on 
the furthest one from the fire through an iron door. Two charges, each of about 7 
ewt., are in work at a time, one heating, and one fluxing on the hoftest bed. Towaids 
the end of the operation much gas (chiefly carbonic oxide) is evolved, in the form of 
oandlBBt which burn with a yellowish-green flame. At this stage^tranquil fusion sets 
in, and the operation is completed. It is therefore raked out, after a little brisk 
working, into bogieB, which are square iron boxes about 9 inches deep, set on wheels. 
When cold the product is known as ' ball-soda,’ and each ball weighs about 6 owt. ; 
twelve to sixteen being produced in twelve hours. 

These balls consist of carbonate and caustic soda, sulphide and carbonate of 
and unbumed coal, 6ec. They contain from 22 to 26 per cent, alkali, 
reckoned as Na*0 ; from 0*5 to 1*0 per ^nt Na*80«, and 0*6 to 1*0 per cent. Na9 
when properly made. By ’ green h^s ’ is meant under-roasted balls containing an 
excess (a nndecomposed sulphate, and * burnt-halls,’ eignifles over-roasted halla 
which are ffenaially pregnant with sulphides of sodium, &e. Analyses of black a£ 
necessarily diflihr widmy, as it is not a purs chemical, and, moreover, the analyses of 
the different samples of the same ball often differ greatly. 

The chemical reactions that occur in the furnace have been made the subject of 
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ttveh ciisaMioD and catperiment. Mr. Oossaoi*! views are azpreoed in the Allowing 
equation : — 

2ya*SO«+8 CaCO*^0O«2 Na*00*-»-2CaS + Ca0+ lOCO erolved. 

Several descriptione of fhmaoe have been from time to time introduced, but the 
furnace of which an illustration is above given, introduoe<^bj Messrs. Robkbt Daolisu 
and Oo.. is found to be the most advantageous. 

This fumaoe is worked with Sxuibns* patent gas arrangement (see this described 
in Vol. ii. p. A96, Gas Fubnacb), and, on consulting the references attached to the 
figure, the method of heating and working will 1 m evident to the reader. This 
furnace itself is cylindrical, and is lined with flre-bricks, ridgMof which project above 
the other, and act as stirrers and mixers. The flame passes in and around the inside 
of the frirnace, and thence over the liquors contained in a^'acent pans, requiring 
concentration. 

The charge usually employed consists of 30 cwt. salt cake, 32 of limestone, and 
20 or 21 cwt. of slack. These are introduced through a hopper, which serves also the 
purpose of a discharging mouth. Such a charge takes about 2 hours to work off, and 
yields 10 balls of 3 cwt. each. 

The rate at which the furnace revolves at first is very slow — about 1 revolution 
per 20 minutes ; but this can be increased at will by increasing the speed of the 
engine to 6 or 6 revolutions per minute, which represents the maximum speed. These 
furnaces are about 10 ft. in diamoter by 16 ft. long, but some are now made 12 ft. in 
diameter and 18 ft. long. A furnace 10 ft. by 16 ft. is capable of converting about 
170 tons of sulphate of sodium in 6 days. 

The advantages gained by the use of revolving fhmaoes are: (1) Uniform heating 
of the charge, and so prevention of loss of sodium by volatilisation. (2) Less labour 
18 required, and more work done in a given time. (3) The lue of tools is rendered 
unnecessary, and the danger of absorption of soda into the beds of the furnace is 
obviated. The use of those revolving ^rnaces, however, produces * balls,' which are 
dense and difficult to thoroughly lixiviate. 

This has led to the carbonate of lime and part of the coal beinc first charged and 
heated for some time, so as to produce a quantity of caustic lime, ^e other Imaterials 
hein^ added subsequently. In this method the results obtained are better. In 
making ‘ ball soda ' in revolving furnaces, patented improvements, which ore in work 
most successfully both at St i^llox, Glasgow, and in the Lancashire district, have 
been introduced. 

Blythu and Kofp patented and worked a balling process, in which peroxide of 
iron WHS used instead of lime or chalk. The sulphide of iron so obtained was burned 
to furnish fresh sulphurous acid for the oliambers, whilst the residual ferric oxide 
was used over and over again. 

The losses of soda that are experienced in the ' balling operation,' as conducted in 
hand'Worked fhrnaces ore estimated by Dr. C. K. A. Wuiout as follows : — 

Undecomposed sodic sulphate 8 '49 per cent. 

Insoluble sodic compounds 6*44 „ 

ViiporisaliOD of sodic compounds 1*14 „ 

^ 10-07 „ 

M. A. ScuBviiBR-KBSTiraB claims to have proved that in the fhmacing operation, no 
soda-salts are reduced to metallic sodium, and therefore no loss by volatilisation of 
the metal occurs ; and, moreover, that the greater part of the loss is due to the forma- 
tion of insoluble sodic-salts, whi^ are retained in the waste, a loss which is never lees 
than 6 per cent., and often greater. He endeavours to show, moreover, that this loss 
increases proportionatdy with excess of limestone or chalk employed, inasmuch an this 
ezeeas of lime beconfba hydrated in the vats, and reacting upon the Na*CO” forma 
inaoluble salts 

The lixiviation of the black ash described in the First Volume, is that of OunesHT 
Dbsobxss, which has been somewhat improved, The action of the water on the 
balls is thus described by Kolb in Watts’s JHotiwMiry of Chmutry, vol. v. p. 827 

(1) A given quantity of crude soda yields very different proportions of caustic 
soda and sulphida of sodium, according to the quantity and temperature of the water 
and the timo allowed ias digestion. (2) The degree of cauaticity of the reaulting 
solution is not sensibly affected the quantity of water, but incKoses with time eff 
digestion ud temperature. (8) The quanUty of sulphide of sodium increases with 
the quantity of water, and more particularly with time and temperature. (4) The 
decrease in the amount of sodic carbonate not only corresponds to the amount of 
eaus^ soda formed, but it is also effected by the variation in the amount of sodie 

■ 2 
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mlphide formed. Honoo, it would nppeftr that tho sodic ralphide is formed at the 
expense of the carbonate. (6) The amounts of sulphide and caustic soda formed, 
beu no definite relation one to the other. (6) The presence of lime or caustic so(ia 
proTents the action of sodic carbonate upon calcic sulphide, with tiie production of 
calcic carbonate and sodic sulphide. 

ProductUm of «SodflwisA.-tWhero an inferior soda>ash is wanted, tho rat liquors 
are boiled down, and the residue calcined in furnnccs about 18ft. long and 9 ft. wide, 
and lined internally with fire-bricks. The waste hent from the ' balling fhmaces ’ is 
generally employed in erapnration, and in some works the flame is made to pass into 
a flue runninff along the tup of the furnaces themselres, r.nd thence downwards into 
main flue; whilst on the top of the furnaces are placed pans, the flue being constructed 
AS a passage left between the furnace and the pan. Mr. Gossagb, among his improve- 
ments, aids the evaporation by drawing hot air through the liquors. The product is 
soda-ash, containing from 65 to 73 per cent, carbonate, and from 13 to 24 per cent, 
caustic soda, 4 to 7 per cent, sulphate of soda, and 2 to 6 per cent, of salt, besides 
small amounts of <ither substances. 

If required in a purer state, as for the manufacture of plate gloss, tho soda-ash is 
mixed with about its own bulk of sawdust, and heated in a ‘ calker furnace,’ where it 
is repeatedly worked by juiddlos at a temperature of about 600“ to 700 -' Fiibr Tho 
sulphur and carbon are burnt off, and the caustic soda becomes carbonised. The 
prfK'ess is known ns ‘ calking,’ and lasts fn>m 2 to 2^ hours. 

For obtaining what is known as white alkali, tho scKia-ash salts are re-dissolrod hy 
water in vats, aided by steam. A ton of water dissolves a ton of tho ash, giving a 
In^uor of 54° T., which is allowed to settle, and is then evaporated in iron pans, fired 
with coke. These pans are 20 to 30 ft. long. 7 wide, and 2 deep. The ash removiHl 
is called ‘white alkali,’ and contains 77 to 84 per cent. Na^CO', and from traces to 
6 per cent, caustic hydrate ; 2 to 10 per cent, of Na’^SO', and 3 to 7 per cent. T^aUl. 
Shanks treated the black ash with carbonic acid, while Wilson p«Uentod the use of 
soda bicarbonate, which he mixed with tho liquors in the ordinary leverboratory 
furnaces, stirring till dry. 

To obviate the presence of sulphide of soda and sulphide of iron in black -ash 
liquors, OossAGU oxidised the Na^S by atmospheric oxidation in towers filled with 
coke. With such purified liquors the excess of cnuntlc soda must be carbonised by 
carlionic acid before boiling down tho liquor drawn off the precipitated sulphide ot 
iron, ensuing on the oxidation of tho Na’^S to Na’^SO*. 

Mr. O. E, Davis, in a paper on tho mamifucture of white caustic soda, rc.ad before 
tho Society for tho Promotion of Scientific Industry, May 25, 1 875, gave tho following 
analyses of this salt : — 



A 

B 

0 

Carbonate of sodium 

28*144 

31*807 

28-836 

Oxide „ . 

6-860 

5 614 

8*844 

Chloride „ . 

2-808 

2*574 

3-101 

Sulphate „ . 

0*192 

0191 

8037 

Sulphite „ . 

0151 

0-072 

none 

Hyposulphite „ . 

0*189 

0*868 

0*126 

0*358 

0-163 

6*646 

AluWnate „ . 

0*844 

0*762 

0*923 

Silicate „ . 

1*026 

0 <i )14 

0*768 

Cyanide „ . 

Sulphocyanide „ . 

0 186 

0043 

0*422 

0074 

0021 

0*077 


In the working of the improvements described a mixture of sdlphate of soda with 
coal and with a quantity of carbonate of lime, barely in excess of the chemi al equiva- 
lent, is charged at one time into the revolving furnace, and the ^eating operation is 
allowed to proceed until the reaction is nearly complete, which isrecognis^le ^ the 
fluxing in the materials and other signs. At this point a small quantity, say 10 per 
cent., of emahed oaustie lime is add^ ; and then, aa soon as this added cauatio lime 
ia thoroughly mixed with the other materials, the entire charge ia withdrawn. The 
quantity of canetic lime to be thus added will vo^ accordingly aa the manufacturer 
wishes to have more or lese of the soda in a caustic state, 3 to 4 per cent, having in 
practice given good results in oases in which a minimum proportion of caustic Mda 
was desired. 

Among the advantages attending these improvements, the following may he 
enumerated :-^l) The proportion of carbonate of lime being diminished, a muon in- 
creased quantity of snlphete of soda may be decomposed in a fnmaee of a given eiio. 
(2) The time occupied In finishing each cha^ being reduced, an increased' number of 
charges can in most cases be worked in a given time. (3) There is a great saving of 
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eo«l and caibonate of lime. (4) A diminished proportion of waste is left on lixiviating, 
and consequently less soda is lost with the waste. (6) A diminished j»roportion ^ 
caustic soda and sulphides is found in the liquors, the total caustic (ime being 
alterable at pleasure. 

Th€ Ammonia /Voosm.— T he only remaining plan of making soda, which requires 
notice, is technically known as the ‘ ammonia process ’ ; and it is the only one which, 
as a rival to Lbblamc’s, has met with any measure of sifccess. The following list of 
.patents ^viug reference to it shows how great is the interest taken in it D ykb 
and Hbmmino (its inventors), in 183b; Schuksivq, in 18A4; Gossaan, in 1864; 
Bbt.pi>iid, in 1856; Schloisiko and Rot.i. 4N1>, in 1858; Solvay, in 1863 and 1867; 
i'ouNo, in 1871 and 1872 ; Solvay. in 1872; Wkldon, in 1872 and 1873. 

The process itself consists in treating a solution of salt with bicarbonate of am- 
moniiiin, practically with carbonic acid gas and ammonii at the same time Bicar- 
bonate of sodium is thus produced, and a solution of chloride of ammonia result k, from 
which the ammonia is regenerated. The process may bo said to depend upon the 
relative solubility of chloride of ammonium and bicarbonate of soda, and therefore it 
is necessary to work with very strong solutions. Gossaok prepared his bicarl touate 
of ammonium by exposing currents of carbonic acid and ammoniacal ms to a shower 
of water in a tower, and decomposed common salt, either with the dry product, or 
direct by ammonia and carbonic acid. From the bicarbonate of soda so produced the 
second molecule of carbonic acid whs recovered by heating the substance in iron 
retorts. Hut lie found the groat difficulty of the process existed iu the loss of 
ammouiu. The following reaction cannot be realised in practice : ^ 

NaCl 4 Nn« -t CO- + H^O - NaHCO* i NH‘C1 ; 

tor with oquiv.ileiit quantities of ammonin and salt, ovou when excess of corlKmic acid 
IK iiHod, only two-tliii‘dis of the soda are obtained as bicarbonate, and thus a large 
amount of bicarlionato of iimmonium is wasted. If 2 iquiviileiitb of suit be takou to 
1 of ammonia, four-iifUis of the ammonia are utilistKl, but much salt remains uiulo- 
compohod. M«)roovor, carlwnic acid must 1 k» oinpb»yed in a pure stale and under 
coriHiderable proHSure in order to insure perfect absorption. 

Mr. Waltkk Wki.don has forcibly drawn attention to tlie serious difficulty which 
accompanies the alkali trade. At a inerting of the British Association he alluded 
to the production of alkali waste in llio following words 

‘Tho most impirt-int industrial chemical process over yet invented— that by 
'which 8(Kla is ordinarily manufactured from coniinon salt — had, he siiil, one serious 
drawl mck. For overv ton of soila ash which it pruducob it pru<luces also fnjm to 2 
tons of residual product, which is known iis ‘‘alkali waste” ; which product accord- 
ingly accumulates in enormous quantities in the neighbourhood of all iilk.ili works 
which are not so situatud as to be able to throw it into the sea, consequently it sends 
oil offensive exlmhitions and liquids. As this is due t4) the sulphur in it, miiny at- 
tempts had been made to treat the waste for tliereeovory of tho sulphur. Mr. Wkldon 
then alluded to tho various proi^nssos which Inul l»een employed for tn*atiiig, not tho 
waste itself, but llm yellow liquor which drains naturally from heaps of waste ex- 
tmsed to atmospheric lufluoiK'es. Mr. M'Tkab, of Messrs. Cuauijcs Tknnant and Co. 
(f (iliisgow, devised a remarkably simido process, which is as effective as it is 
simple, and which, in Mr. Wkluon's opinion, ought always to Iki employed whenever 
the yellow liquid can be inlorcejdo I on it** way lo tlu? w.itor courses. i)oaling, how- 
ever, only with tno driniiago fr 'm the waste heaps, Mr M''rKAu’H process, oven if it 
could be univorsnlly applied, would only tairti.illy avoid tho inconvenience resulting 
from the production of alkali wi«*tc ; ami it was not conceivable that those iticon- 
veiiiencos could ever be fully remedied by any ])ro'os8 commencing after the waste 
had been produced. In order to the practical roilisition of the pnamss, one must be 
able to employ, for tlie reaction of ctirltonoi'eous matter U]ion Biilunateof boda, a vessel 
or ftiriiaee iinattoctfiible by sulphide of sidu ; and one must also l>e able to secure tliat 
neither air nor tho products of combustion should have access to the interior of that 
vessel while the reaction is going on. The first- mentioned object can be perfectly 
accomplishod by lining the vessels or funiaces with carbon. Mr. HuNDBUbON of 
Glasgow has ui^ carbon bricks for the beds of furnaces, producing them by mixing 
powdered coke with a small quantity of tar, filling this mixture into iron moulds, 
and then subjoctiug the moulds and their contents to a red heat. ]*'or the purpose 
under consideration bricks of agglomerated coke, made after Mr. HKNitHusuir's 
manner, leave nothing to be desi^. The second object can bo accomplished by 
heating the sulphate of soda and the carbonaceous mass. Mr. Wki.dox then described 
the apparatus by which he proposed to carry out this method of makiug sulpldde 
of sodium on a larger scale than that of his oxporinients hitherto. It eonsiste 
essentially of 2 furnaces-— a Sibmbms’ furnace for heating sulphate of soda at least to 
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fiifion, and a nvolnng furnace lined 'wifch carbon, in which flret to heat powdered 
coke to inoandeaoence, and then to efiect its reaction upon the fused sulphate of eoda.' 
In summing up, he said he had ‘ described in outline a process for converting salt-cake 
into soda aSt and free sulphur, without production of any residual product, offensive 
or otherwise, which he had satisfied himself is capable of industrial application, and 
which he expected to have at work on an appreciable scale within a few months.' 

He addM that h'e hud full confidence that the method he had described of pro* 
duoing sulphide of sodium would effect the suppression, not only of the nuisance and 
the loss of the valuable material which result from the pr^uction of alkali waste, but 
also of tlie partly similar nuisance and similar loss which occur so largely in the 
manufacture of glass. 

ComHo Soda. — Up to 1860 most of the caustic soda produced was of the character 
known as ‘ cream soda,' that is soda which has been concentrated in the state of liquor 
until on cooling it has set in a hard state. But in November 1860 Ralbtok patented 
the following improvemento : — * If it is desired to produce a hvdrate of great strength, 
evaporating and separating the foreign salts, but in place of keeping the heat low as 
hitherto, the evaporation is continued, and the heat raised until the iron separates as 
oxide of iron, ana until the oxide is precipitated to the bottom of the vessel, the clear 
alkali is then separated from the iron.' Dbacoit, however, had pointed out that his 
firm made their first batch of caustic soda in this way in 1867- It is further known 
that Gakblb and Son of St. Helen's had even been before Dkacon, while Mr. McBiivnu 
also made caustic soda in 18d0. 

For causticising, the process is as follows ; — A weak solution of carbonate of soda 
IS made, and tho liquors are run into the ‘causticiser.'or ‘ operation pan,' an apparatus 
of varying size. The operation pan is 25 x 6 x 6 ft., and is provided with a circled 
bottom so as to facilitate agitation, and an agitator worked by a bracket engine. In 
addition to these, there are steam pipes for heating the charge to 100° C., a valve for 
running off the mud, and a drop syphon for decanting the clear liquor which is 
eventually obtained. 

In some works no agitator is employed, but a current of air which is blown iu 
along with tho steam acting effectually as an agitating cause, and serving the useful 
purpose of oxidising any sulphides that may be present. In some works litharge 
(oxide of lead) is added to remove the sulphides, but the advisability of its use is 
questionable. 

Tho liquor contained in the causticiser is heated to Ixdling by means of steam, 
and supplied with sufficient freshly-burnt lime as free as possible from alumina and 
silica. This is generally supplied through an iron cage, which retains stones and big 
lumps ; meanwhile the agitation and steaming are coiitiimed, and carried on until a 
little of the filtered solution gives no effervescence on the addition of dilute acid. 
The principal reaction that occurs in the causticiser consists in the removal of tho 
carbonic acid from the soda, thus : — Na*CO* + OaO - Na*0 + CaOO*. The use of bad 
lime often produces a liquor which will not settle well ; and thus traces of lime are 
left in the resulting caustic soda, and produce trouble. Eleven to 16 cwt. of well 
burnt lime are required per ton of 60 per cent, caustic soda, and 1 to hour is 
consumed in the causticising operation. After settling, the liquors are run off, 
and the operation pan is charged afresh, without removing the sludge until tho second 
operation is completed. The lime mud remaining after this is washed by agitation 
with water, first in the pan, and then finally on a ' filter.’ a. 

This filter is generally half e boiler cut longitudinally in twain, but when specially 
made it is about 20 ft. by 10 ft. by 4 ft. deep. The bottom is lined with bricks set 
on edge, about 2 in. apart, a channel being preserved along the central axis. These 
bricks are covered loosely with 8 or 9 in. thickness of coke or limestone, and over this 
comes a layer of coarse sand or cinders. Finally, over the whole are spread iron 
grids, so as to present fiat surfaces, from which the lime mud, when well washed and 
drained, can be readily removed. Sometimes this filtration is aiaed by the use of a 
vacuum pump, and in any case is should be continued until the mud contains about 
50 per cent, water, and gives up to water about 1 per cent, caustic soda. 

More than 20,000 tons of caustic soda is made annually in England, of the value 
of 350,000/., and therefore any question regarding an improvement in such a trade 
deserves the meet careful study. 

We have to acknowledge our obligations to an extended aeries of pmrs on the 
* Histoiy, Products, and Processes of the Alkali Trade,’ by Charlhs T. Kinosxtt, 
which have been appearing in Iron dori^ 1876, fbr some of the fhets named. 

Mr. JaXBB Mactmax reid before the Ohemical Section of tho British Association at 
Glasgow, 1876, a paper on this subject, from which we extract the following on the 
manufacture of salt in relation to the rise of the alkali trade. In 1798 (previous to 
the rise of duty, which came into effect in the summer of that year), the quantity of 
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wit nuniAutiired in Scotland wu 860,000 buahda of 66 lb. weh, or 8,760 tonv 
pccNloced from 1 18 pans. Thwe were estimated as follow 


Near Aberdeen 


f, 

ti 

II 

II 


II 


II 



Anstmther 

Borrowstonness 

Irvine 

Kirkcaldy 

Montrose 

Freatonpnns 

Stranraer 


6 

1 

6 

7 

27 

4 

27 

8 

87 

1 


II 


II 

II 

II 


II 


Total . . 118 pans 

Producing annually 860,000 bushels at 66 lb. each » 8, 760 lb. 

These pans yielded five castings of salt per week, weighing 10 to 11 cwt. each, 
according to the strength of the sea water. 

In order to produce this salt, the pan was filled three times till within four inches oi 
the brim (thev cannot be filled more with advantage to the ebullition). The first two 
fills are boiled down till the salt begins to form —the first down to within 1 in. of the 
bottom, the second to alnml in., and the last to about 2^ in., which consists chiefly 
of pretty dry salt. This suit is then raked to the side of the pan, and thrown into a 
square chest, whore it is allowed to drain till a third casting is ready to replace it, 
two chests being always employed. 

While in this situation it yields about 20 gallons of bittern, or * pan oil ’ as tlie 
wjrkmen call it. 

For each mn there are four small round vessels of 8 in. by 4 in., placed one in each 
corner, whicn during the ova^ioration, collect all the insoluble salts, and impurities 
deposited during the process, sometimes more or less, in proportion, it is said, to the 
weakness of the water. 

Sfate of charges by the ton weight, , 


£ 9, d. 

Wages 118 

Coal dross, about 180 cwt., at Id. 0 16 0 

Tear and wear, say 0100 

Rent, say 0 4 0 

Cartage of coals, at J cent, per cwt 0 8 0 


The manufacture of salt is still continued at Saltcoats, but on a different system, 
the sen water being employed to dissolve rook salt obtained from Ireland, which gives 
a solution requiring much less evaporation than the old system. 

This mothc^ is also carried out to a small extent in Gla^gow. 

The following table gives the prices of salt for chemical purposes in Qlaegow from 
the year 1796 


Year 

1798 









Price per ton, 

j 818 to£l8 

1880 









12 0 0 

1801 









No details 

1802 










1803 









12 0 0 

1804 









12 0 0 

1809 









19 0 0 

1814 » 









11 0 0 

1810 









1 12 0 

1824 









2 6 0 

1829 









1 2 0 

1834 









0 19 0 

1839 









1 1 0 

1844 









0 16 0 

1849 









0 17 0 

1864 









0 16 0 

1869 









0 16 0 

1864 









0 14 0 

1869 









0 14 6 


At or about which price it has since remained. 



56 ALKALI FROM SEA-WEED 

Thd quHlity of mlt used for chemicMl purposes previous to the iiitrodurtion of the 
method of bloaching by chlorine, must of course have been small. Marine acid, 
however, was B^e, and there is a tradition amongst the oldest workmen of the 
chemical works tliat it whs produced (some years previous to the introduction of 
sulphuric acid, idbout 1749) by the distillation of salt and earthy matter. That this 
process Was actually in use is extremely probable, as it is described by the writers of 
the last century, eight parts of* clay or bolar earth to one of salt, being the mixture 
recommended, dhtilled in stoneware retorts. — Chemical New*, January S, 1877* 

For additional particulars relative to the Alkalies and to Chlorine, and for improve- 
ments on Dkacon's process, see FaMcaiion du Chlore d'apris le prooide de Deacon, by 
B. Hasbnclkver, Berichte d. deuie, chirn, Qeeelleohqft eu BerliH, ix. p. 1070 ; and 
Archives dee Boienoee Bhymques ti NatureUee, October 1876. , 


Imports of Alkali in 1876 and 1876. 



owt. 

Volno 

From Germany 

958 

£1,860 

„ Holland 

976 

775 

„ Belgium 

2,491 

3,188 

„ Canary Islands 

3,921 

1,000 

„ United States of America . 

6,005 

10,446 

„ British North America 

76.000 

119,611 

„ Other countries 

433 

466 




Total imports, 1876 . 




Exports of Alkali in 1876 and 1876, Manufacture of United K^igdotn. 



cwt. 

Value 

To Biissia .... 




354,270 

£107, 632 

„ Sweden and Norway 




186,640 

62,813 

„ Denmark 




105,445 

82,437 

„ Germany 




832,945 

820,829 

„ Holland 




385,476 

136,688 

„ Belgium 




285,483 

142,589 

„ Franco .... 




147,977 

66,856 

„ Spain and Canaries 




131,958 

85,736 

„ Italy .... 




106,281 

47,668 

„ Austrian Territories 




60,363 

21,073 

„ United states {Atlantic) 




1,988,866 

964,796 

„ ,. {Pwsifia) . 




49,206 

26,892 

„ Brazil .... 




87 988 

21,605 

„ Australia 




106,940 

48,669 

„ British North America . 




86,167 

43.746 

„ Other Countries . 




217,268 

« 101,859 





5,022,764 

£2,290,037 

Total exports, 1876 

• 

• 

• 

6.417,120 

£2,209,284 


A.UKAU antOM ■ma-WMBB. Mr. Thowold Schmidt of the chemical 
Works at Aalborg in Jutland, Denmark, obtains from sea-weed iodine, potash salts, 
and other products. After sea-weed is dried and burnt, a concentrated solution of 
the ash is made and added to the water containing the chlorides of sodium and calcium, 
left after the ammonia has been recovered by boiling wiUi lime. The sulphate of 
potash, soda, and magnesia, conttiiued in the ash of the sea-weed, are deccmposed, 
and hydrated sulphate of lime and hydrated magnesia are precipitated in a form 
w]^ich may be available for paper-mokinff . The last traces of sulphates are got rid of 
bv adding a small quantity of solution of chloride of bariom. Into the clear solution 
nitrate of lead is now added, until all the iodide is precipitated as iodide of lead, 
which is then ssporated by filtration, and treated for the inunction of iodine or the' 
iodides. The liquor is filtered and treated with nitrate of soda, to convert the 
chloride of potassium into nitrate of potash. There remains a solution of common 
■It containing traces of ammonia, and a trace of chloride of potassium. The solution 
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is lignin tnated by the qrdiqa^ ammonia aoda prooeas for the production of bicai*- 
bunftte of aoda and udike alkali. 

The following list exhibits the differant kind of potashes of best qpittty which come 
into the market: — 





Qoslity 

Oarbonste of • 
potash with 

Carbonate 

Bnlpbato 

Chloride of 




hyd.-oarb. and 

ofeoda 

of potash 

potesslnm 





carbonate 



American 



1 

104*4 

1*4 


2-0 




2 

71-2 

8-2 

16-1 

36 

„ pearlaoh . 




71*8 

2*3 

14*3 

8-6 

Tuucan potash 



• • • 

741 

3-0 

18*4 

0-9 




see 

80*3 

... 

1-2 

9*5 

Hussian „ 




696 

3*0 

14-1 

2*0 

Sioljon burger potash 




61*2 

68 

6-4 

0-0 

Hungarian house ashes 




44*6 

18-1 

wmiH 

7-3 

Saliciaii potash 

Kefiiied snoop-wash 




46*9 

72*5 

36 

41 

29 9 

59 

111 

6-3 

French beetroot ash 



1 

90*3 

2-5 

2-8 

8-4 




2 

80*1 

12*6 

2-5 

34 

German potash 



1 

92*2 

2*4 

1-4 


IS 



3 

84*9 

8*2 ^ 

2*8 

8*5 ! 


H. QabNEBBBO, DingL pclyt. J., ccxiv. 


AXAOTS* (Vol. I. p. 90.) {Alliage, Fr. ; Vie Legirung^ Qer.) Platinum and Iron. 
— M. IIhmbt Saintb-Claisb Dbtille states that platinum and iron readily alloy. In 
analysing the native platin-iridium this alloy is readily formed, the oxides being 
iutimatoTy mixed. This alloy, if digested with hydrochloric acid, allows but a slight 
escape of hydrogen ; and veiy little ffon is dissolved, even when it exists in the alloy 
to the extent of 10 per cent. Iron and iridium, says M. Dkvillb, are capable of 
combining at low temperatures, and the same is probably the case with iron and 
platinum. BuErrHAUPT admits the existence of platinum ores containing 14 to 10 per 
cent, of iron. Bkusblios only once fbund a specimen containing asmoch as 12’98 per 
cent., and MM. Dkkbay and Stb. Claib-Devillb have never found ftisfe than 12 per 
cent. Platinum may be freed from iron by cupellation in chlorine gas. If heated 
from 1200° C. to 1500° C. in this gas, it is volatilisod in the form of brilliant 
crystals, and deposited in the hot parts of the ^pnratus.~>Cb»i2’^ VendW ktAdo-^ 
madatree dee Siances de TAjoademie ms Sciences, li^arcb 8, 1875. 

Platinum and Iridiwn. — Mr. Q. Mxtthet, of the firm of Jomfsoir and MAmtsT, 
presented to the Academy of Sciences a measure of 4 metres, execufikl in an aUoy of 
platinum and iridium. 

The specific gravity of the alloy was 21*508, and its composition was found to be — 


Platinum 

. 89-40 

89-42 

Iridium 

. 10*16 

10*22 

Vfaodium 

. 0-18 

0-16 

Buthenium 

0*10 

0*10 

lion 

. 0*06 

0*06 


99*00 

90*96 


Comptu Bendua, December 4, 1876. 

Chvmeism. A name ^ven to an alloy of iron and ehrominm, which is of such 
intense hardness that it will cut hard steel. 

Iron, Tin, and Ltad.^A. very liquid alloy is obtained by mixing — 


Oast iron 



70*00 per cent. 
19^60 „ 

1*50 


10000 

Thii alloy is slightly malleable, and could be used for casting small articles. 

SuBoius Kirk, CAtmieai News. 

Ji^nsssi^ys.— Four Japanese metallic alloys were examined by M. S. Kalibgui, 
and tile composition shown to bo 














68 


ALT41TE 







iliTHflNA 


0 

Xi dMitftiiii'"* 


oo* 

An 

Ag 

Gu 

Pb 

Zn 


Te 

O'lO 

0*19 

0 62 

0*06 

60*22 

fo)6 

0*48 

87*90 « 99*90 

0 32 

0*16 

0*70 

006 

6068 

0*04 

0*88 

87*61-99*74 


See Tstbadthitb, Pnsrr% SnTAXfnnL F. A. Onmi, Jowr.fi^ f/tuk. Cktm, 

^ AUrXJBJL moraA, SOUTSOOX. Ueed itf adultemting winea. See Wiiru. 

. A]^UIK. (Vol. I. p. 105.) Th« mM\ifactur9 qf. AUm under prneure.-^U, Favdkl 
recomnende for the use of the paper-maker, alnm cake prepar^ by heating china 
clay with eulphuric acid under a pressure of 2 to 2^ atmospheres in l^en yessols. 

1-5 part of clay, heated to 185°>140°, under a pressure of 3 to 8^ atmospheres, 
with 1-8 part of sulphurio acid of 1*625 sp. gr.. yielded a cake which dissolved almost 
entirely in water. Its composition was — • 

Water and impurities 87*5 

Sulphate of alumina 37 0 

Silicic acid 10'5 

Free eulphuric acid 6'0 

The free acid may be nentralieed by the addition of alumina. — Dimglpolyt. J., coxix. 

A&UinVA AM A KoaXAMT. In the Dermere de Vlnduetrie 

CJumiquee, published under the superintendence of Professor A. W. HoncAifH, there 
is much information on the use of alumina as a mordant which must have especial 
interest. From this we extract the more important points : — 

* In printing and dyeing preference is given to a neutral alum, which is made by 
boiling together 12 parts of ordinary alum and 1 part of lime. The use of this 
uentr^ alum is to prevent the alteration of colours by an acid reaction. 

' The active principle of alum resides in the sulphate of alumina, for the sulphate 
of potash or of soda can be replaced bv sulpbate of ammonia without the least change 
in the action of the alum. It would therefore appear rational to employ simiue 
sulphate of alumina. This salt is a commeroial artirie known as concentrated alnm 
[in England called ‘ratent alum.’ Ed.] ; it forms a white slightly translucent mass, 
which can lie cut witn a knife. But the extension of its application has met with 
difficiilties : it is too easily soluble in water (1 part dissolves in 12 ports of cold 
water), it crystallises with difficulty, which prevents it being obtained fi^e firom iron. 
Fur this reascm it was necessary in all those cases where iron is injnrions, to combine 
the sulphate of alumina with sulphate of potash, although the latter salt is both 
costly and, inactive, to render the crystallisation easy, and its purification more com- 
plete. 

‘ The most important^ application of alum is in dveing and printing, where it serves 
as a mordont, an application depending upon the double affinity which alumina 
possesses for textile fibres and colouring matters. M. BranxmiAirN. 

‘ The action of alum upon woollen fibre has been studied by M. Paul Havbbk. who 
has published his researches. 

* Ue has found that relatively small proportions of alum act bv depositing hydrate 
of alumina in the interior of the wool, but if the alum be employed in large quan- 
tities, the deposited alumina is redissolved, so that wool treated with a large quantity 
of alum does not dye up colours so dark and bright as when the alum is employed 
in small proportions ; and further, that it acts best when the solution is hot, and the 
contact withfSie wool prolonged for a considerable time. 

* M. Havbxz believes that this is explained by the presence of lime in ordinary 
water. As it might be supposed that the difforenee of the action of alum, according 
as it was employ^ in large or small quantities, was produced by a small quantity of 
alkali which the wool hM retained from the soonring processes, or that ammonia 
might exist in the wool itself, he washed some wool with water slightly acidifl^ 
with nitric acid^bnt this did not interfere with the decomposition of the alum and the 
deposition of alnmina in the interior of the fibre. It is tberefors oonclnded that ths 
wool itself is the sotive aront. 

* M. Ruhahx believes ^t there is dissssociation of the elements of the alum, basio 
sulphate of alumina being separated, while the sulphuric acid, also separated, is 
diluted with so great a quantity of water as to be unable to exercise any solvent 
action upon the buic salt deposited upon the fibre. This salt by long contact with 
water parts with a further portion of its sulphuric acid, leaving a bvdrMte of 
alumina containing only a very small portion of scid. But if there is much alnm in 
solution, there is difficulty in the formation of the basic salt, which would be re-dis- 
•olvsd continnally by the acidity of the bath. 

* However this may be, the practical operations are agrMable to the experiments of 
M. Hatbb. All wool dyers know that mordant!^ with alum is only good to a 
ssrtain pxtsiit. In geneial, ths pmctics is, in aluming, to take 1 part of alum for 10 



60 


ALUMINA 


parts of wool. To alum 30 Ib. of wool, it is necessary to use 3 lb. of alum, and 
1 600 lb. or 160 gallons of water, or. so that the solution contains 210 per cent, of alum. 

* If sulphate of alumina l>e used instead of alum, it ought Ut be not only free from 
iron, which is the case in good qualities of this salt, but also from an excess of sul- 
phuric acid. To discover free acid ordinary reagents are useless, because sulpliate of 
alumina itself has an acid rea^.tion. M. Oishicr recommends the two wdowing 
methods : Triturate 5 grammes of the solid sulphate of alumina with 60 cubic centi- 
metres of absolute alcohol ; throw the mixture on a filter, and wash with absolute 
alcohol to the bulk of 100 c.c. Sulphate of alumina is insoluble in absolute alcohol, 
but the sulphuric acid dissolves in it and is all found in the filtrate, where the 
quantity can be determined by means of a standard solution of soda. But this 
method is not perfectly accurate, as neutral sulphate of alumina is not altogether 
insoluble in absolute alcohol. The following process is better: — 

* If to a very dilute solution of sulphate of alumina or of alum, a few drops of 
tincture of logwood bo added, they will produce a cliaraeteristic dark reddish purple 
when the salt is neutral, and if the salt is acid, only a weak yellowish brown colour. 
By this method the presence of 0‘2 of free acid in 100 parts can be detected with 
certainty. To be able to recognise the shade with exaetnoss, it should be conipnrod 
with a standard liquor, which contains in each 100 centimetres 10 c.c. of potash 
alum, free from acid, and 0*6 c.c. of a tincture of logwood, made by boiling 1 part of 
wool with 1 part oi water, and adding ^th part of ulculiul. 

‘To ascertain the ninount of free aoia, a solution of 10 grammes of the sulidiati* is 
made into 100 c.c. volume, and 0*6 c.c. of the logwood tincture added, then stand.ird 
solution of soda poured in, until the dark violet red colour is produced. M. W. 
Stkin uses ultramarine to show the presence of free acid in sulpluito of aliimiiiii. 
Unsized paper, coloured lightly with ultramarine, is bleached by sulphuric acid. 

‘Alumina is advantageously employed in dyeing and printing, under the form ot 
alumiiiate of soda. In 1810, Macqukii and IlxusMAifN advised the usu^if aluininatM 
of potnsli in dyeing. 'With this mordant the colours differ more or less Irom tlnihe 
pn)du<‘ud with alum, depending ujMm the nature of the colouring m.vlter. To obtain 
the s’lmo shades as from alum, the alumiuatu of soda should be transfonned into an 
ac d mordint. 

‘ M. It. Waonbr has remarked that the best alumina mord.int is obtaiued from 
olhylamiue aluminate. Ethylamine easily dissolves alumina, and when the solution 
is exposed to the air, the othyluminc evaporates and leaves the aluniiua pure, it is 
possible that sooner or later ethylamino may bo mamifact nrod on the iarj^o scale at 
a sufficiently low price to bo used in practice. Aluminate of soda owes its ad ivily t/O 
its easy decomposition, which is affected even by carbonic acid, alumina separates, 
which fin'ms lakes with the colouring matters. 

* M. P. Morin, who was one of the first to employ aluminate of smla in (lie pro- 
duction of Jakes, mixes the colouring matter with the aluminate, and precipitntes by 
sulphuric acid. The hue of the bikes shows a difference according as tJio addition of 
acid is regulated to leave the liquid acid, nlkalino. or neutral. 

‘An inconvenience in the preparation of hikes is, that they do nob roalil^ subside, 
whether made hoi or cold, or however the mixture is nccomplishod. The difficulty is 
in some measure nvorcume by causing the bike to be formed in 1 litre of water, 
supposing it takes 3 litres of water to wash it. When the lake is proiiucod it is well 
ivgiUited. and then the two litres of water are added, and again stirred The lake 
then settles, and occupies only one^third of the volume of the liquid. 

* M. Dvx.lo has communicate a process of preparing alumina in a state very suitable 
for the preparation of lakes The alumina, precipitated by ammonia, is in a gelati- 
nous form, which contracts excessively upon drying, forming fissures. The alumina, 
precipitate from aluminate of soda by carbonic acid, at a temperature of 122*^ Fahr., 
IS in the form of a compact powder. Precipitated at higher temp’ratures, the powder 
is still more and more dense, until it becomes too much so for dyeing and printing 
purposes. If the precipitation is conducted at a low temperature, the alumina takes 
the gelatinous form, the same as when precipitated by ammonia. It is produced in 
the same state when alum is Ixnled with metallic zinc ; it is then extremely pure. 

* By altering the process in the following manner, the alumina is obtained in the 
form of a very fine powder, not at all gelatinous, depositing well in a grain of 
extreme tensity: dissolve 1 lb. of alum in.^ gallon of water, and add 76 grains of 
sulphate of copper and a^ut i lb. of zinc turnings, leave the mixture fur three days 
in a warm plOM, renewing tne water lost by evaporation. The copper is firnt 
deposited upon the zinc, the two metals thus forming a voltaic couple sufficiently 
strong. Hydrogen is disengaged, sulphate of zinc is formed, and the alumina 
gradually separates in the state of a ver^ fine powder; the action is allowed to* con- 
tinue until there is no more alumina left in solution, or until ammonia ceases to give 
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a predpitata. If the raietion ia prolonged beyond this point, oxide of iron will pre« 
cipitate if present. The alumina washes easily, and does not contract upon drying. 

* Acetate of alumina is a ye^ useful composition in dyeing. Before the develop- 
ment of the cryolite and bauxite industries, it was prepared by decomposing sulphate 
with the acetates of lead, baryta, or soda ; but since that time it is found more 
advant^otts to dissolve the alumina precipitated from aluminate of soda in acetic 
acid, ^e alumina precipitated by means of hydrochloric arid dissolves more easily 

’ in ahetic acid than when carbonic acid is used to precipitate it. In this last case the 
solubility of the alumina appears to be considerably impeded by the presence of 
notable <;^uantitieB of carbonate of soda. According to M. R. Waokub, this incon- 
venience is overcome by digesting the alumina for several days, either in solution of 
acetate of alumina containing free acetic acid, or in a solution of chloride of aluminum. 

‘ Mi. S. M. Lytb prepares acetate of alumina by dissolving phosphate of alumina in 
phosphoric acid, and precipitating by acetate of lead. The acetate of alumina remains 
in solution, and the phospliate of lead which precipitates is used for making phos- 
phorus and phosphoric acid. 

* M. H. 0. Uahx has described a pToress for directly preparing a mordant of 
alumina free foom iron by means of cryolite. One hundred parts of cryolite washed, 
and in small pieces, are mixed with 88 parts of milk of lime ; the mixtures heated b^ 
steam in a wooden vnt mude without iron nulls ; upon boiling, the decomposition is 
complete. When the fluoride of calcium has deposited, the liquid is drawn off 
and diluted to 10^ B. It is exactly neutralised with commercial acetic add at 6*^ B. 
After a sufficient time two-thirds of the bulk can bo drawn off clear, and foruishos 
pure acetate of soda. The roniainitig portion is mixed with ono-third of the amount 
of acetic acid first used, and then with 46 parts of sulphuric acid at sp. gr. 1*83. A 
HoliUion is by this means obtained, containing a mixture of sulphate of soda, and an 
aceto-sulphate of alumina, which is perfectly free from iron.’ — The Ttxtile Colourisi. 

AXiimciliZUM. (Vol. i. p. 126.) Alurnmium amalgam is formed by bringing 
mercury containing a small quantity of sodium in contact with (duminium ; or, as 
recommended by Jouijj, by electrolyring the solution of an aluminium salt with 
mercury for the n^utivo polo, or by heating the two metals together in a gas which 
(lues not act on either. An impure chloride of aluminium, containing calcium and 
sodium salts, known oommorcially as Chlor. alum, is used as a disinfectant. 

AMAXiOAMJLTZOar FOR SZXiVamilB MZm&OM.— aenerally mirrors 
have boou silvered by means of an amalgam of tin. Uaayton introduced the pruccss 
of coating mirrors with a layer of silver, obtained by reducing the ammoniocal 
solution of nitrate of siher by ineaiis of the highly oxidisable essential oils. 

This process was subsequently modified by several cbeinists, but M. Pkitt/ban, by 
substituting tartaric acid for the reducing agents usually omnloyed, introduced a 
practical process. The process employed is as follows ; the glass to bo silvered is 
laid down on a cast-iron table heated to 40® C. The surface is well cleaned, and 
solutions of silver and tartaric acid diluted, are floated over it. The liquid, in con- 
sequence of a well-known effect of capillarity, does not flow over the edges of the 
glass, but it forms a layer of some thickness upon it. In twenty minutes the silver 
begins to be deposited on the glass, and in a little more than an hour the process is 
complete. The liquid is poured off', the glass washed with distilled water, dried, and 
covered with varnish to protect it. 

Qlasses tfftis prepared ore liable to become yellowish. M. LaifOiB has succeeded 
in overcoming this defect. The glass silvered as above directed is washed, and then 
^rinkled with a diluted imlution of the double cyanide of mercury and potassium. 
The silver displaces a portion of the morcuiy, and enters into solution, while the rest 
of the silver forms an amalgam, whiter and much more adhesive to the glass than 
pure silver. The effbet is instantaneous, the result is perfection of colour, and the 
firmest possibls adhesion to the gloss. — Bulletin de la SwiiiU d^Encourage?Mnt Nbuvil 
IndueMs NationaU, Janni^ 26, 1878. 

AWA&OAMS. Sodium amalgam containing excess of mercury, when heated to 
160®, leaves the compound Na'Hg. Potassium amalgam, under the same circum- 
stances, leaves K*Hg. Both are silvery crystalline sulwtances. The latter takes Are 
easily, resembliDg in this respect potassium. 

Lead, tin, zinc, cadmium, and bismuth, retain mercury at 360^^, but not at 440®. 
By heating amalgams in vapour of sulphur (a), mercury (6), and diphenylamine (e), 
the following compounds were obtained : — 

(o) Au»Hg Ag»Hg Ou“Hg K*Hff Na'flg 

(6) Au»Hg Ag"Hg Ou»Hg Pb-Hg 

\o) Au’Hg AS<Hg Ctt><Hg 

£. DB Souza, Jkut. Ch»m» Oee. Bbr. is. 
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AMAMkMAVmr, OOIA. (See Gold, AvALOAiiATioir.) 

AMBSR. (Vol. i. p. ISA.) (Ambn, Fr. ; Der Bemstnn, Ger.) The following 
(MABonfowexi, iViM. Zeit. xziy. p. 188) ia of interest aa showing the progress of the 
trade in amber ; — 

Amber is got at numerous places along the north-eastern coast of Prussia, both 
by inland diggings and by dircgs and dr^ging in the sea. The production daring 
1874 and 1876 nom the various sources -distinguishing the method of getting — 


1874 

dA'SS cwt. 


1875 

2'22 cwt. 


12*40 „ 

162*80 

847-60 

770 0 

220-66 „ 

312-36 

1013-16 „ 

967*72 

2138 40 „ 

2174-60 


about 160* 


. 231769 


AtBrusterort (by diving) 

„ Palmnicken „ 

„ do. (by digging) 

„ Sassau 

„ Schwarzort (by dredging) 


Shore gleanings (thrown up by the sea) . . . about 160* 

Toul yield .... 2~3Hr69 

The value of rough amber varies very considorably, increasing with the size and 
colour of the pieces, rendering an elabor.ite classification necessary. The following 
are the principtil sizes and prices at the present time : — 

1. AlVaULAR PlBCRS. 

A. Fliessen (lotiff pieces suitahle for large pipe mouth-pieces), 

per lb. 

4 to 6 pieces per lb 6?. to 7/. 10s. 

10 .. 3/. 12s. 


4 to 6 pieces per lb, 
10 „ 

16 

25 „ 

60 „ 

80 

100 „ 

160 


21 . 2 «. 
ll. 10s. 

18s. to 1/. U. 
12s. to 16s. 
Os. 

3s. 


B. Pf often {angular pieces of any other form). 
26 pieces per lb. ... . 46s. 


And 7 lower classes, varying from Is. 6el. to Os. 


2. Bound Pircbs. 


10 pieces per lb. 
86 
60 
70 
100 


S6s. to S8s. 
33s. 

2Is. 

12s. 

7s. 


And 3 lower qualities, below which is the so-called ' Knibbel/ worth from Is. 
to Is ed. 

About 16 pOT cent, of the total yield is impure, and only fit for manufacturing 
purposes, varnish, &c. ; 70 per cent, is in various larger sizes suitable for pipe mouth- 
pieces, large beads, and other ornaments, the remaining 16 per cent, being used for 
■mall beads. 

In the larger sizes the transparent kinds are about 40 per cent, cheaper Gumi those 
of a fine clouded character. 

The impure (qualities, as well as the waste in manufacture, are used in the production 
of lacquer varnish, oil of amber, succinic acid, and incense or fumigating powder. 

The value of rough amber sold in the Danzic market in 1876 was : — 

1. From the Danzic and Konigsberg shore .... 7,000 

2. „ shore digging at Danzic 7,600 

8. „ the Pomeranian shore 000 

4. „ the Memel shore 600 

6. „ Schwarzort dredgings, Palmnicken and Sassan diggings 10,600 

6. „ diggings in the peninsula (Erdstein) .... 4,000 
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Th« piodnetion hu of hte jmn been yecy lai^y inereaied by tbe adoption of 
dredging at Sdi^ranort, eepedally in the higher quoLitiee ; but for theee the prioee 
hare not nateiially eoried during the poet ten years. The present production is 
about three times that of 1868. About two-thirds of this was worked up in the home 
mauu&ctures, the remainder being exported in the rough. 

The principal seats of the amber manu&cture in Germany are in Bansio, Stolp, 
Kdnigii^g, Wurms, HuhLa. and Niimberg; and in dther countries, Vienna, Paris, 
Polangun in Bussia, Constantinople, and a few towns in China. The most important 
production is in Vienna, which supplies nearly all the world with mouth-pieces for 
pipes and cigar holders. 

Of large production of amber ornaments, beads, and so-oalled corals, in Bansic, is 
mainly distributed through the following places : — 

1. Leghorn and for distribution to the north and east coast of Africa. 

2. London and Fans, for the west coast of Africa. 

3. Constantinople, Syria, and Asia Minor, taking cloudy olive-shaped beads. 

4. China, clear olive heeds. 

AagMOirZA. (Ammontaquot Ft. ; •‘Das Ammoniak, Ger.^ M. 0. Wachsmuth 
pulilishes in the Arch. Pharm. vi. a paper on the strength of ammonia. A concen- 
trate solution of ammonia being obtained, it was dilut^. The specific gravity ob- 
luiined at each addition, and the amount of ammonia present, determined by hydro- 
chloric acid. 

The following table gives the amount of ammonia contained in solutions of which 
the various specific gravities are given : — 


jpeciflo gravity at 

12® C. 

1 kilo, oontaini am- 
monia In grains 

1 litre contains 

1 litre oonsista ef 

ammonia in 
grams 

Water in O.C. 

Liquid ammonia 
in 0.0. 

0 870 

384-4 

384-6 

686-6 

464-6 

0-872 

376 9 

828-6 

648*4 

466-6 

0 874 

869-4 

822-8 

661-2 

4’(8-8 

0 878 

862-0 

817*1 

668-0 

441-1 

0-878 

8646 

811-8 

666-7 

4888 

0-880 

847-2 

806-5 

674*6 

426*6 

0 882 

840-0 

290-8 

662-2 

417*8 

0-884 

332-9 

294 2 

689-8 

410 2 

0 886 

825-8 

288-6 

607*4 

402-6 

0-888 

818-7 

288-0 

606*0 

896-0 

0-890 

311-6 

277*8 

612*7 

887*8 

0-802 

304-7 

271*7 

620*8 

879*7 

0-804 

297-8 

266-2 

627*8 

872-2 

0'896 

290-9 

260-6 

636*4 

864-6 

0-808 

284-1 

266*1 

642*0 

867-1 

0-000 

277*8 

249*6 

650*9 

849-6 

0-902 

270-7 

244*1 

667*0 

842-1 

0-904 

264-1 

288-7 

666*8 

834-7 

0-906 a 

267*7 

233*4 

672-6 

827-4 

0-008 

261-3 

2282 

679-8 

820-4 

0-010 

244-0 

222*6 

687*2 

812-8 

0-912 

288-6 

2176 1 

604*4 

806-6 

0-014 

282-8 

212*8 

701*7 

298-8 

0-016 

226-0 

207*0 

709*0 

291-0 

0-018 

219-7 

2016 

710*4 

288-6 

0-020 

213-4 

106-8 

728*7 

276-3 

0-922 

207-8 

191-1 

780*9 

269-1 

0-924 

201*2 

186-9 

738*1 

261-9 

0-920 

1961 

180*6 

746*4 

264-6 

0926 

189-0 

176*4 

762*6 

247*4 

0-930 

182*0 

170*1 

760*9 

840*1 

0-932 

176*9 

164*8 

767-2 

232-8 

0-984 

170*9 

169 6 

774-4 

226-6 

0*986 

164*9 

164-8 

781-7 

21S-8 

0*988 

168*0 

149*0 

789-0 

211-0 

0-940 

162-9 

148-7 

796-8 

208-7 

0-942 

147*1 

188-6 

803-6 

196-6 

0*944 

141*3 

1333 

810-7 

189-8 




C4 AMMONIA IMPURITY IN GAS 


Speotllo^mvlty at 

\ 


1 litre oontaliiK 
ammonia in 
grams 

1 Utro ooiuisU of s. 


Liqaia^i^onla 

1 0-940 

136-21 

128-2 

817-8 

482-2 


129 9 

123*1 

824*9 

' 176-1 


1'24 2 

118-0 

632-0 

168-0 

0’»6'2 

MR 7 

1 13-0 

839-0 

101 -0 

0-964 

11.3-2 

108-0 

846-0 


0-066 

107-8 

103-0 

863-0 

1470 

0-968 

102-4 

98-1 

869-9 


0-960 


93-1 

S66 9 

133-1 

0-062 

91-6 

88-1 

873-0 

126-1 

0-964 

86 2 

83-0 

881-0 

119-0 

0-9CC 

80 8 

78-0 

888-0 

112-0 

0 068 

76 6 

73-0 

89.6 0 

103-0 

0-970 

70 2 

68-0 

902-0 

08-0 

0-072 

66-2 

6.3-3 

908-7 

9 1 -.3 

0-974 

60-2 

68-6 

916-4 

84-6 

0 076 

66-2 

63-8 

922-2 

77-8 

0-978 

60-2 

40-1 

928 9 

711 

OOKO 

46.3 

44-0 

936-7 

64-2 

0-0 2 

40 4 

! 39-6 

94'2-4 

67-C 

0-98 i 

.3.6-5 

1 31-9 

949 1 

60 9 

0 986 

.30-6 

30-1 

056-9 

44-1 

0-988 

26 8 

1 26 6 

962-6 

VA 

0-990 

21-0 

j 20-7 

069-3 

31.7 


M. 0. Wachsmutk remarks that coneontralKl ammonia solution is uocoss.uy for 
the eflftM^tive ‘working of Carrk’s ice machines. 

JkMMOirXA in anthracite and in soils, see Antiiracitb. Detected on the 
rupture of bsra of »teel« see 8tkel. 

AMCMOirZA ZMVnmrr ZV OAS. The gas referees made a report to tlio 
Board of Trade, which furnishes some valuable iuformaliou on ammonia puriflcal ion. 
From it we extract the following : — 

The process of purifying gas from ammonia consists mainly in bringing the gas 
in contact with water, which has a remarkable stlinity for ammonia, water being 
capable of absorbing fully 700 times its own volume of ammonia. And the mo^-t 
perfect process of ammonia purification is thnt which does its work with the least 
amount of water: (1) Because when ranch wator is used it tends to absorb a portion 
of the hydrocarbons which constitute the light^giving element of gas. ( 2) Because the 
ammoniacal liquor so formed is too weak to be saleable in that condition. Aid (3), 
in consequence of this, the 'liquor' has to be returned into the scrubbera several times 
to bring it up to the required strength, whereby the impurities witli which the water 
is charged are again brought in contact with the gun. 

In many provincial gasworks the ammonia purification is eifoctedeby 'washers,' 
an apparatus in which the gas is made to pass or bubble through water ; in some other 
gasworks the process in use may be desert bed ns a shower-bath, where the gas passes 
up through a descending shower of water. Both of these processes are defective in 
this respect, that the gas is never brought in contact with clean water, the ' liquor* 
being kept in the washers, and returned into the shower-bath apparatus until it is 
brought up to the saleable strength : an arrangement which, as already said, is objec- 
tionable, inasmuch as the water absorbs, besides ammonia, sulphurotted hydrogen and 
carbonic acid ; and all those impurities, being volatile, are liable to be given back into 
the gai. It is tme that the same system of returning the ' liquor' into the apparatus 
until it amires a saleable strength generally prevails also where scrubbers are used ; 
but the dtfibrenee is, that with washers and in the shower-bath apparatus thit system 
is indispensable, whereas it may be wholly avoided if a perfect kind of scrubber is used. 
Moreover, in almost eveir case where scrubbers are usm the gas is brought in contact 
with clean water in the fast scrubber of the series, thereby cleansing tne gas to an 
extent which is impossible in washers. 

A minute division also, both of the water and of the gss, is of paramount import- 
ance in ammonia purification, for the absorbent power is confined to the iurfaoea 
exposed to its action. Even in scrubbers the minute division of the watdr is some- 
times too little attended to : the water being passed through the apparatus hi excessive 
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qaantltn in ftct, in streams, with no improrement as regards ammonia pnriftration, 
and adui diaadrantageons results to gas companies as regard economy and conveni- 
enoe. 'IS^e more finely or minutely the water is divided in the scrubber, and the 
p6re equally distribute over the scrubbing material, the more efiScient is the process 
of ammonia purification. 

llie scrubl^ consists of a tall iron o^inder filled with pieces of insoluble material, 
between which the water percolates in snch a manner that it is brought gently, 
and at all points, in contact with the ascending stream of gas. The material with 
which the scrubber is filled may be of Tarions kinda The material most generally 
useiris opke, which is the cheapest indeed costless, because the coke, when ‘ foul,' t.e. 
thickly coated witii tar, can be usea in the r- torts, or, in some works, as ihol in the 
furnaces), and also gives excellent results, owing to its porosity. The gas does not, 
indeed, pass through the pores of the coke, but the sur&ee of this material being full 
of small cavities, the water lodges therein, and thereby comes in contact with the gas 
in a better manner than when brick or stone is used ; but as soon as the surface of 
the cuke becomes coated with tar, the peculiar advantage of this material is lost. 
Another kind of scrubber is one filled with tiers of thin deal boards placed on edge, 
over the surfaces of which the water drips, and the ascending gas is purified by coming 
in contact with those wetted surfaces. A scrubber somewhat simUar, but less effective, 
consists of faorisontal ahelyes of wood, so constructed as to keep their upper surface 
always covered with water to the depth of about | in., the water absorbing ammonia 
us the giis passes over it. 

The apparatus for delivering water to the scrubber is at least as important as the 
maronal with which the interior of the scmbl^er is filled. The best kind of distri- 
buting apparatus is one which, by minutely dividing the water, and also wetting all 
pnrrs of the scrubbing material equally, enables the purifying work to be done with 
the smallest amount of water. As a matter of economy, and also for perfect purifi- 
cation, it is desirable that there should lie no pumping of the liquor back into the 
tK'rublicrs : a process which can bo disponsod with, if one of the best kinds of scrubber 
is used 

In order that the scrubbers may be kept in an efficient condition, it is necessary 
that the gas before entering them be properly condensed and cooled. The condensers 
ought to bo of adequate size and officioncy to allow of all tho tarry vapour being 
eliminated from the gas, and drawn off into the tar well ; for if this be not done, a 
portion of tho tar is carried forward into the scrubbers, and is deposited there instead 
of in the condensers. The effect of this is doubly disadvantageous ; first, by choking 
up the interstices in the coke or brick scrubbers, so that the gas, instead of ascending 
equally through all parts of tho>e scrubbers, forces a pasaige upwards by a compara- 
tively few routes, and thereby doos not come in a proper manner in contact with the 
purifying water. Tho other disadvantage is that the gas in such cases encounters an 
unuecesbary amount of resistance in passing through those scrubbers, producing an 
inconvenient amount of * buck pressure,’ which has to be overcome by the action of 
tho exhausters, and also necessitating more frequent changes of the scrubbing material 
than would otlu'rwiso be required. Not less important is it to observe that, if the gas 
be not properly cooled in tho condensers, the water in the scrubbers is raised above 
the ordinary temperature, whereby its power of absorbing ammonia is lessened ; while 
at the same time the ' liquor,' siter leaving the scrubbers, gives off into the air a 
larger portion wf the ammonia with which it is pharged tlmn it would do at the 
ordinary temperature. 

In gasworlu where the sice or efficiency of the scrubbers is not adequate for the 
work required of them, their action is supplemented by the use of sulphate of iron, or 
of sawdust moistened with sulphuric acid, either used separately in small purifiers, 
or introduced on trays in the oxide of iron purifiers employ^ fur the etfmina- 
sulphur. This supplementaiy process, however, although eflfoctive for the 
of ammonia, is (or at least ought to be) only a makeshift, rendei 

^ ^ a want of room for the erection of additional or of larger scrubbers, or eloe 

owing to a temporary increase in the make of gas to a greater extent than the 
eembboES^D cope with; for these supplementary processes yield lees profit to 
the companies than is obtained when the ammonia purification is effected solely by 
scrubbers. 

The separation of ammonia from the gas is a most profitable process for tho gas 
comi»nies, and was ademted by them at first of their own accord, as a means of in- 
oreasing their revenue. For example, let os suppose that thoroughly efficient scrubbers 
are used, such as those at the works at Blackfriars. In those works there are ft 
scrubbers, costing for construction 6001. or 600f. each, or less than 3,000f. in all; but 
the value nf Hie ammoniacal products obtained f^m these scrubban is 3,000f. per 
Vot. I" 
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irhUe the eoet of bbour per annum ie virtually nothing, the scrubbere being 
eelf-acting, and the coke vith which they are filled requiring to be chang^ (at the 
cost of about lOi. for each scrubber) only onOe in two or three years. Hence it appeara 
that with the veiy best kind of scrubbers two -thirds of the cost of erection is repaid 
in a single year, and thereafter a lar^o annual rental is received from tliem. In this 
respect ammonia purification «t>uiils in a different category from sulphur purification, 
the processes of which coiislitute a pure outlay on the part of the gas companies. 

AMICOJrXA as a Motive Power. M. Th. FonciAi7i.v has invented an apparatus 
for raising water by means of ammoniacal vapour. The machine dppends for its 
operation on the fact, that water at 15° C. absorbs 743 times its volume of ammtmia, 
and gives it off again at 60° C. ; that at 100° C. the tension of the vapour is 7i 
atmospheres ; that petroleum and ammoniacal vapour are without action upon each 
other ; and that the same is true of petroleum and water. 

The apparatus consists essentially of a heater, which is partially filled with a 
strong aqueous solution of ammonia. This heater is connected by pipes with the 
upper part of a closed reservoir, the lower part of the reservoir bein^ connected 
by means of pipes and suitable ^'idvos with the steam or well from which, and tho 
tank to which, water is to bo raised. Tho reservoir contains a small quantity of 
petroleum, which forms a thin stratum on tho surface of the water, and serves to keep 
the ammonia from contact with it, and, as the inventor expresses it, form a fluid 
piston. Tho operation is as follows : — Supposing the reservoir full of water, the 
temperature of the heater is raised by suitable means ; ammonia vapour is given off, 
and passes over into the upper part of the reservoir, the stratum of petroleum pre- 
venting its being absorbed by the water there. A pressure is thus created iii tho 
reservoir, which forces tlie water out of, and up to tho tank to be filled. When all tho 
water heu9 been forced out of tho reservoir, tho heater is cooled by removing the 
fire and allowing a jet of water from the tank to play on it. Tho water in the heater 
as it cools real^orhs the ammonia from the reservoir, and thus creates a vacuum, 
which the water from the strenm or well rushes up to fill, and so roJllls tho reservoir. 
Tho heater is then again ho,itcd, and so on, as before. The inventoi claims that tho 
consumption of fuel is almost insignificant as compared with that ol a stoam-pump 
of the same capacity. 

Foucault also describes a modification of his apparatus to run by tlie heat of the 
sun, ill which case the only expense is that of wear and tear, which is small, there 
being no moving parts. See Solar Enqirk. 

AJmuZV. A resin, associated with, perhaps identical with, Elemi. See Elbhi. 

AWBKBWBZTB. This mineral is found in Cornwall, in a vein of tin stone in 
the granite of the riiomix Mine, Liskoard. It exists in globular and occasionally 
discoid forms, presenting a radiated structure, and in habit resembling Wavelito, 
These globules aro of a divrk green colour, with a somewhat gbiucous cast, and from 
these there occasionally stand out crystals wliich aro of a brighter green. It has been 
examined and described by l)r, C. lk Nbvr Fostmu. 

The vein-stone upon which Andrewsite ooiure is a highly ferruginous quartz. The 
specific gravity of Andrewsite is 3'476. Its hardness is 4. The streak is of a 
blackish green. 

Dr. Fliuht's analysis gives the following numbers : — 

Ox7(wn 


Ferric oxide . 

. . 44*639 

13‘3^e 

Alumina . . . 

0*016 

0*429 

Ferrow oxide 

. . 7*109 

1*579 

Oxide of co]}por . 

. 10-857 

2-188 

Pliosphoric acid 

. 26*088 

14*696 

Water .... 

8-791 

7*814 

Oxide of manganese 

0*697 \ 

0*160 

Lime .... 

0*094/ 

Silica .... 

0*408 



99*584 

It has also been examined by Professor Mabkiit.trb, who found it accompanied by 
Chdeosiderilte. He gives to these minerals the following formulm : — 

Andrewnie, 4 Fo*PO" + 2Fe»fl*0* + CuH«0», 

Chal4x>8iderU$, 2Fo*PO* -f Fe*H*0« + Cu»H*0* -t- 4H»0. 

On Andrewsite and ChalcoBiderite, by Professor H. S. Maskxlynb, F.R.S. Journal 
of ike Chomical Sooiely, vol. xiii. See CHALCosn>ERiTB. 

' The coal carbonised at the Blaokfrlsn Works In 1870 was 08,404 tons, each ton yielding 80 
geiiuns of ammouiscal liquor of 10 ounce strength; tho present soiling price of the Uqoor being 
4s. *4d. per bntt of 108 gallons. 
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AJiOMB* (VoL i. p. 167.) (Anere, Fr. ; Der Anker, Vice- Admiral Iwou* 
riRLD has invented a new anchor, which has been reoeired at Fortemouth. It weight 
loa ewt., and it a modiftcation of Mahtik's welbknown telf-oantiiw anchor, with 
which the whole of the turret ehipa are now fitted. Like it, the shank and the crown 
are formed of one piece, but it ^ no etoek nor * steadying arms,' the weight thur 
wed being added to that of the arms, to ^ve them nfore holding power. The new 
an^or also resembles the Habtik anchor m the special feature that the arms are on 
paraUel lines, and so grip the ground simultaneously. It diflbrs from it, however, in 
the very important characteristic that, instead of the arms being mode of one forging 
and working through the crown, they are formed of separate foigings, and are attached 
to the shank by a swivd pin. The advantages gained for the anchor arc greater 
holding power and lees liability to foul. 

JLjrBA&VSrra. A silicate of alumina, so called from having been first found 
in Andalusia, in 8])ain. It is found in many parts of Europe, in the mica slate of 
Kilkenny Bay in Ireland, in Argyleshire, and in Cumberland. 

AirouUUCTa« OVFSaOirs. Cupreous sulphate of lead, found at Lead Hills, 
Lanarkshire, Koughten-Gill, in Cumberland, and at Linares in Spain. It consists of 
sulphate of lead, 76‘4, copper, IS'O. 

AirzXiXM’B OOXiOms. {Aniline, Fr. ; Dai Anilin, Ger.) Gria dl Aniline, or 
Nigrosin. * With this colour the silk dyers produce all their greys, dark blues, plum 
colours, and Bussian green, at prices reiy little exceeding the wood colours. The same 
colour beck is used for days. The gris d'aniline, soluble in spirit, is preferable to 
that soluble in water, as the latter is apt to come up flat in the darker s^des. The 
operation is perform^ at a boil with soap and sulphuric acid. 

‘ With the addition of orchil and young fustic all conceivable shades of grey, mauve, 
and olive greens are produced. For dark green, turmeric is added, or a combination 
of gria d'aniline, aniline blue, and turmeric is used. The green shades may bo 
brightened by topping with picric acid in a fresh beck. Dark blue is obtained with 
gris d’aniline and aniline blue, 

' In dissolving the colour, proceed us for other aniline colours soluble in spirit, and 
the solution is Stored for use. 

* To 1 kilo, of silk are taken, half a gallon of strong soap-lye (cuiie) ; the beck is 
mndo up with water, 65 grams of sulphuric acid are added, and the whole heated to 
60® C., and afterwards raised to a boil, without which the shades will be uneven.' — 
Krimann's Father le\img, No. 11, 1876, as quoted in the Chemical News. 

Tlu I^oduction q/’ Aniline Colours wilhout the me of Arsenic. (See Abilinb Ran, 
Tol. i. p. ] 88.) M. CouFiKB of Paris appears to have been the first who succeeded in 
product ng/«c6«t}»e by the action, at a suitable temperature, of hydrochloric acid and 
iron in small quantities on pure aniline and nitrotoluol. ScHfirnncBBROBB confirmed 
CouPiKu’s experiment, and showed that the aniline red obtained by this process was 
identical with that usually manufactured, and that the yield was greater than when 
arsenic was employed, in 1 872, Mbistkb, Lucius, and BabNiRO, of Hoechst, Ger- 
many, commenced to work this process on a large scale. Since that time the 
comp my for the aniline manufacture at Berlin have erected new works, where no 
arsenic is used in the manufacture of aniline colours. This company are working 
OoDPiRn’s process with several modificatione, and produce from four to six hundred 
pounds of fuchsino a day, of unrivalled beauty, purity, and strength. The fhehsine 
is said to be puftr and stronger than that made by the aid of arsenic acid, and is the 
pure hydrochlorate of roeanilino. 

In a letter in the Chemical News of February 19, 1875, Mbistbs, Lucius, and 
Bbunuto state that since the end of 1872 they ' have not been using any arsenic 
acid in our works at all,' and that their fuchsine and magenta, as well as all other 
colours manufactured by them, are produced without the employment of arsenic 
acid. 

The same firm write to the Moniteur Sdentifigne of Dr. Quesneville, for August 
1876, saying that they now do not employ arsenic in their establishment under any 
form, and that they guarantee all their dyes to be free from that dangerous substance. 

This is an instance of catering to the false feelings of the ignorant for the sake of 
a trade reputation. The arsenic does not exist in the aniline dyed articles, in any- 
thing approaching to a dangerous condition. This firm, no doubt, prod aces the 
aniline colours, or a certain number of them, as many other firms do, without the use 
of arsenic, but there is a want of faithfhlness in attributing any danger to the em- 
plirnnent of this mineral to etfect a chemical change. 

The Toubwai Compact uses a modification of Coufibb's system for producing 
jBiline eolours (espesially magenta), without arsenic ; and it is henes very suitable 
vx prepaiation of other derivstivss. These colours may bo used, U is soiif, fOB 

w2 
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liqueurs, s^rnp, coufeotionary and the like, but perhaps this is eraug in the extreme 
in another direction. 

Tht EUeirolytU of the Derivativee of AniliiHe, By electrolytic action a series of 
interesting changes are produced upon the salts of aniline. In the Comptea Rendue, 
M. F. Goppblsuobdkb gives the results of his investigations. Quite differently from 
the salts of aniline, he says, •behave the salts of crystallised toluidin^ and also the 
salts of peevdo-toluidin. The former furnish at the positive polo a brown matter 
soluble in alcohol, and dyeing silk and wool a yellowish brown. 

Paeudo-toluidin distinguishes itself from aniline, since on electrolysis we obtain at 
the positive polo a reaction which agrees with that which is obtained by chloride of 
lime. It forms a violet colour, which is changed by dilute nitric acid, or by the 
solution of permanganate of potash to a red colour. The mixtures of the bases, 
aniline, tuluidino, and pseudo-toluidin, behave differently from the separate bases. 
Thus an aqueous solution of one molecule of hydrochlorate of aniline with two mole- 
cules of hydroohlonito of toluidin, is coloured red at the positive pole. Commercial 
aniline imperfectly saturated with sulphuric acid, in an aqueous solution, with an 
addition of ammonia, gave at the dehydrogenising polo, as a principal product, a rod 
colour, and hb a secondnry product, a violet colour. 

T^ethylandm gives, when employed in the form of its salts, a violet colour at the 
positive pole. 

JHphenylamin gives, if one of its salts is submitted to electrolysis at the positivo 
pule, a blue product soluble in alcohol. 

Mixtures of diphenylamin and of ditoluylamin^ and pHenyUtoluylaminy such as are 
employed to produce tho blue colours called Diphenylamin blue^ or according to theory, 
Triphtnplated rosanilin blue, give, if submitted in the state of salt to a galvanic 
current, this beautiful blue colour soluble in alcohol. 

Mdhyl-diphmylamin^ which yields with different oxidising agents a blue or violet 
colouring matter, undergoes the same transformation in the electrolytic way. 

AmiiZlTB BXiACS. M. Coquiluon {Comptea lietidua^ AuguHt<4975) published 
a memoir on the aniline blacks. Upon this M. A. liosKNSTixHL remarks, that in the 
proHont ststo of science when wo wish to obtain aniline black, upon any tissue 
econoniicdlly, the simultaneous action of a chlorate and a metallic substinco is indis- 
pensable. 

Practice has selected copper for blacks to 1)6 developed at about 250° Falir., and iron 
for those which are to be steamed at 100°. Aniline black may bo obtained u|K>n tne 
tissues, by tho mere use of active oxygen with tho intervention of a metal or a 
chlorate. M Coqcilmon has shown how this result may be obtained without the 
chlorates. The fact observed is an elegant demonstration of tho effect of active 
oxygen upon the salts of aniline. M. M. Kosiovstiibiu., Cmipita Rendvta kehdormdnire^ 
December 1875. 

M. Antony Guyard shows that aniline black is the result of the action of tho 
products of the destruction of chloric acid upon aniline. In other words, * Andine 
black ia the j^odttci of the tnaompUte combuetion of aniline and chloric acid in the 
midat of a fluid' 

Amongst tho metallic salts the most remarkable is the chloride of vanadium. 
One part of this salt lias tho power of transforming 1,000 parts of muriate of aniline 
into aniline black in the presence of alkaline chlonitos. M. Gutakd says : ‘ The 
chemical part played by mycodtrme in fermentation is well known. •Vanadium may 
be said to bo tne mycoderm of aniline, which it transfonns into aniline black.’ ‘ This 
powerful action of vanadium is due to a curious property which alone it possesses in 
BO marked a degree. It absorbs and gives up oxygen with equal facility, its reducing 
power being nearly equal to its oxidising power. It is a mineral ferment* [The 
italics are Gutard's. This sort of reasoning by analogy is always dangerous in 
science. Ed.] 

i\ll the aniline blacks are liable to turn green by exposure; and it has been a 
problem which cannot be said to be as yet solved, to determine the cause of this 
tendency to turn green, and to ascertain the best method for preventing this 
defect. 

The greening of tho aniline black is not a deoxidation. GLANzuANir says, that the 
fastness or stability of aniline black is in direct proportion to the quantity of it which 
is applied to a given portion of cloth. 

Blocks from aniline salts Ucomo neeu when brought in contact with acids or acid 
Halts. Alkalies restore the black colour. 

To obtain a fist anilino black : As large an amount as possible of the neutral salts 
nf aniline must t>e in the colour, representiug from 10 to 16 os. of pure aniline per 
gallon of colour. Tho oxidation must be quite complete before washing off or 
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rnising. A blaek made from a mixture of chlorate and muriate of aniline showed 
^Ue bMt colour as to ezoellenee and stability. 

Numerous chemists have been employed in the inTestigation of this peculiar and 
.inuojingchange, but it cannot be coirertlj said that they have arriyed at any satis- 
factory result. One thing appears to hare been made out. The method of formation 
of the black and its intensity, hare an influence upon ifii greening, that is, the weaker 
the black the ^nore readily it ^comes green. 

■ A black oxidised at a low temperature is more sensitiye than one oxidis^ at a high 
temperature. A steam black made with prussiate of ammonia, containing 80 of 
aniline to 1,000 ot colour, shows a resistance to this change beyond any other, 
according to the extensive experiments of Pbpixrub. M. F. Lainr, industrial Society 
qf Rouen ; M. R. GuLNSMAyN, Note upon Slack the Muriate of Aniline; Girabd 
an<l Dblaibb, Swtionnaire de Chmie and MonUewr Soientifique; DnpnBBBB, Diction- 
noire de Chemie and Moniteur SciaUifique ; The Textile ColouHst, toI. ii. 

M. Wburuk prepares the aniline* forro and ferro-cyanides for aniline blacks in a 
state of purity with hydro-ferrocyanic acid, obtained by the action of tartaric acid 
upon yellow prussiate of potash. Aniline ferro-cyanide forms their colourless laminm, 
wliich gradually become yellow, and turn black if exposed to higher temperatures. 
Aiiilino ferri-cyanide forms deep violet lamina. It is slightly soluble in ether and 
curlxni bisulphide, but dissolves in iilcohol, aldehyd, and water. 

M. iScuLuunKuaBu prepares aniline ferro-eyanide by utilising its slight solubility 
in cold water. Ue takes 2 parts of hydrochloric acid at 19° Battm4, aud 2 parts of 
amline, and dissolves separately 2‘4 of ferro-eyanide of potassium in 4‘2 of boiling 
water. When tliis solution has cooled down to 56° C., the hydrochlorate of aniline, 
quite cold, is added. After a time aniline ferro-eyanide is deposited, and the chlorate 
of potassium remains in solution. The aniline salt is drained and preserved in a 
moist state. The moist salt may bo kept several days without change of colour if it 
is protected from tho light. To make the black, 10 per cent, of this salt is added to 
thiikened chlorate of aniline. 

M. A. Killuavkr prepares chlorate of aniline as follows : 6 parts of crystallised 
tartane acid are dissolve in 10 parts of lx>iling water, 4 pn^t^^ of chlorate of potas- 
sium are dissolved in other 12 parts of boiling water. These solutions ^ mixed 
while hot, and 3 parts ot aniline are added with 20 parts of cold water. The solution 
becomes a pale yellow, and stands at 6| B. A solution of hydro*foiTocyanic acid is 
obtained by tre<iting parts of the ferro-eyanide of potassium with 3 parts of sulpburio 
acid, dilute^l with 14 parts of water. After some days the yellow colour disappears, 
ancl sulphite of ]>ota8h deposits. To 100 parts of this solution of hydro-ferrocyanio 
acid are added 128 parts of water and 20 of aniline. For a steam aniline black take 
34 parts of this solution of chlorate of aniline, 12 parts of the solution of ferro-eyanide 
of aniline, 34 parts of water, 12 parts of gum trogacanth mucilage, containing 128 
grains of gum per 1} pint of 'rtsXMX. ^Bulletin de la SocUU Chimigue de Paris, 
Januaiy 20, 1875. 

By klectrolysis. On electrolysing sulphate of aniline for 24 hours, the positive 
electrode was found covered with a black deposit, which after treatment with et^er 
and alcohol and drying, gave a black insoluble substance.— M. J. J. Coquilliok, 
Comptes Rendus, 1. xzxi. 

Aniline black may thus be formed, as has been shown by the electrolysis of 
its salts. It is generally known that aniline black may be obtained by dissolving 
a salt of aniline in water, then adding chlorate of potash and sulphite of copper, 
or sulphate of iipn. It is generally thought that the presence of a metallic salt 
is absolutely necessary. Ooquiluon propewes to form aniline black without the 
intervention of any metal, simply by the action of nascent oxygen upon certain salts 
of aniline. This process is ns follows : — 

If a cond'entrated^ solution of sulphate of aniline is submitted to the action of two 
Bunsen elements with platinum electrodes, the positive pole is soon covered with a 
violet blue pellicle, greenish in certain parts. If the experiment is prolonged for 
from twelve twenty-four hours, there is found on the positive pole a blaek adhesive 
substance. On treating this substance with ether and alcohol, and drying it in the 
stove, there remains a black amorphous matter, with greenish reflections, insolnble in 
most solvents. If this substance is treated with sulphuric acid, and spread out in a 
thin layer, it assumes a greenish colour, but in contact with alkalies it ratums to 
a velvet black. Nitrate of aniline gave also, under like treatment, a black deposit, 
which in contact with alkalies took a velvety appearance, but was decomposed by 
sulphuric acid, wjth a maroon brown coloiration. Hydroehlorate of aniline gave a 
clotty black proaflet at the positive pole, but in this case the resultj were probably 
complicated by nascent nblorine. Acetate of aniline gave a clammy substance at 
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poutiva pole. Thaa» it ap^rs that aniline black may be obtHiaed withcmt the 
presence of any metal, and wat the sadta^f aniline behave in different manners in the 
presence of nascent oxygen. ComptM Rendua habdoiHadaitea du 8eance$ ae 
i'Acadimie det Soienoas, August SO, 1875. 

Synihesia of Amlina BUuik. The slips of carbon which serve as eloctrodiM were 
exposed for 8 hours to a current of chlorine in a porcdain tube heated to redness. 
They were then boiled in nitric acid, again submittra to the action of chlorine, and 
wasned'in distilled water, when they might be regarded as pure. These points were 
1 decimetre in length. To effect the electrolysis, two platinum wires were coiled round 
tlieir upper parts, and were connected wth the two Bunsen elements made use of in 
those experiments. As soon as the lower extremities of the carbon points were plunged 
in the salt of aniline, the positive electrode became covered with black, whilst hydrogen 
escaped from the ne^tive pole. It seems, therefore, beyond doubt that aniline black 
may be produced without the action of any metal. This ,fact being established, it 
remains to be seen which s;tlts of aniline are capable of yielding aniline black. The 
hydrochlorate and the sulphate alone seem able to produce the black under practical 
conditions. The author has previously shown that those two salts wlion submitted to 
electrolysis yield after the lapse of 24 hours a pasto-like mass surrounding the positive 
electrode. Tliis mass, when washed and dried, is soluble in concentrated sulphuric 
acid. It has a blackisli violet tint, analogous to a solution of violaniline in the same 
acid ; but if water be added to the dissolved black, a greenish mass is immediately 
precipitated, a phenomenon which does not occur in the case of violaniline. This is an 
imporiADt character, which seems to distinguish aniline black. This reaction may be 
obtained even with a slip of dyed cotton. The greenish Hakes, however, resume their 
original black colour if the acid is neutralised with ammonia or potash. Two other 
salts of aniline, the arseniate and the phosphate, or rather a mixture of phosphates, 
likewise yield aniline black. With two Buusun elements, however, the operation is 
slow and difficult. The solution of *these salts is syrupy, and after the lapse of 12 
hours there are obtained merely small quantitios of black, which likow"^;<) is soluble in 
concentrated sulphuric acid with a rc^ violet colour, and on adding water deposits 
greenish flakes. The colours, however, do not appear to be identical with those 
obtained from the l^drochlorate and the sulphate. Thoso salts are not likely to be 
used in practice, ^fhe black from the nitrate of aniline and that from the acetate do 
not present this reaction, and their molecular constitution is probably different. Thus, 
from a theoretical point of view, we see that it is possible to form aniline Idack by direct 
synthesis, and that the same method may doubtless realise analogous syntheses. From 
a practical point of view, tlie results are also not without importance. For the succosa 
of the operation the solutions ought to lie concentrated. Practical men should there- 
fore add as little water as possible, and keep within the limits which experience will 
easily indicate. The other laws of electrolysis have also their applications. Every 
cause which tends to separate the molecules assists the reaction ; a more elevated 
temperature will therefore be favourable, but to ensure uniformity of shade, the tem- 
perature must bo uniform also. A diminution of pressure will have no analogous 
effect. The printer must therefore beware of employing, as was formerly done, cast- 
iron drums, whore the gases ih)m the reaction finding no escape, augment the pressure, 
and thus hinder the formation of black. 

MM. Kuschlw Fb]&res thus avoid tlie greening of aniline blacks : — 

Aniline blacks, if submitted to acid reducing agents, such as sulfhurous acid and 
sulphuretted hydrogen, take a p^oenisb colour, due to their more or loss complete con- 
vorsioii into emeraldin, which is deep blue in an alkaline state, but is rendered green 
b V the slightest trace of acid. There is a product more highly oxidiBo<l thun aniline 
black, which is no longer transformed into emeraldin by reducing agents, whether 
acid or alkaline, which is obtained as follows: — Aniline black, printed and fixed, is 
finished as usual, and then submitted in a beck to an acid oxidation at a temperature 
above 75". It is then merely required to soap and wash tlie pieces. Among the 
oxidisers which give the best results are the salts of ferric oxide, chromic acid, ai^ the 
chlorate of ammonia. The ferric solution is prepared from a persalt of iron, mixed 
with 1 to times its weight of sulphuric acid at 66" B., to prevent the iron from 
being fixed on the fibre. This solution is employed in the proportion of 1 to 2 gnms 
per litre to a dye beck for 6 to 8 pieces, which are passed through it from half-an-bour 
to an hour at 80". Ferrous sulphato, 20 kilos dissolved in 60 to 70 litres snlphurio 
acid at 66" B. may lie employed. To this are added 6 kilos, of bichromate of potash, 
dissolved in 15 to 18 litres of sulphuric acid at 66" B. ; from 4 to 8 litres of this 
liquor are taken and applied as above. 

M. Jhaknairb uses nydro-ferri^nic acid ; by its use the rosulti^ blacks have 
lost all sensibility to sulphurous acid. He also employed another fbmo compound — 
the acid nitrate. In it the blacks acquire the wished-for solidity, and those even 
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which had turned green are rendered Incapable of * green^.' Other nitritee have 
been ueed by chemiuts with equally good e4i^>. On coming inoupable of turning 
green, the blade attains its sreatest beauty— ‘the maximum of colouration coinciding 
with the maximum of aniTine black Ufled.~Dr. QvssMJiviixa, Afoniteur Sountifid, 
December 1876. 

G. Witz has shown (IlBiifaMM’s Farber Ne. 1, 1876) that it is possible to 

discharge aniline black. He treats the aniline black with an acidulated solution of 
perms nganatd of potash, when peroxide of manganese is deposited upon the fibre. 
This is then treated with a solution of oxalic acid, which removes the manganese, and 
loaves the tissue perfectly white. 

Tlie solution of permanganate may bo thickened with infhsorial silica and printed 
upon the tissue so that a white design can be printed on a black ground. 

Airx&ZVB ZirSfli For a red ink, it is recommended that 1 part of diamond 
fushin or rosoin bo dissolved in 160 parts of boiling water. 

For a blue ink, 1 part of blon de Paris dissolved in 200 parts of hot water. 

Fur a violet ink, 1 part of Hofmann's bine violet dissolved in 300 ptrts of water. 

For a grten ink dissolve 1 part of iodine green in 100 parts of boiling water, 

These* inks are not suited for copying; but they dry quickly, and they never 
clog.— M. C H. ViBDT, Monitewr Soienttficda Dr. Quusni^villf^ March 1876. 

Jin/tne Black and Marking Ink. IHssolve in grams of water 8’52 grams of 
crystalline chloride of copper, 10‘66 grains of chlorate of soda, and 6’36 ^rams of 
chlondo of ammonium. Tneu dissolve 20 grams of hydrochlorato of aniline in 30 
grams of distiliod water, and add 20 grams of mucilage made of 1 part of gum arabic 
to 2 of water, and 10 grams of glycerin. If 4 parts of tho aniline liquid are 
mixed with 1 part cohl ot the copper solution we obtain a greenish liquid, which may 
be used at once for marking linen ; but as it decomposed in a few days, it is better to 
]ir( serve the two solutions separately. TIio writing is at first greenish, but is blackened 
by being hold in a jot of steam : a dry he,it renders tho tissue brittle. — Dr. Jacobhun, 
Mom tour Scimiijio. 

AXrarABXSROZTXS, nr JS'ickd Bloom. A compound of arsenic and oxide of oickol, 
quite soft, and of an apple green colour. Sco Nickkt-. 

AXroXTBXTXI. (Vol. i p. 191, and Fki.svai(, vol i. p. 334), and Lata. 

AVTBBLACSlf. (Vol. t. p 191.) The brief notieo of Anthracxn given in 
Volume i. was written just as this remarkable substance was beginning to attract 
attention. Since that period there has been a considenible development in this 
peculiar iiidustiy. I'lio oxtonsivo chemical examinations which have been made in 
this country and more especially in Germany will be found recorded very fully in 
Waits’s Dictionary of Chemistry. We have only to deal with the manufacturing 
processes. 

Anthracen is most readily formed from those parts of coal tar which boil at tho 
highest temperature, of which, according to Oracb Calvbrt, it forms only 1 per cent. 
According to M. Hkimann, the tarry oils from the Swabian lias slate are ri(^ in 
anthracen. 

If tho distribution of the coal tar is pushed so far as tn produce 10 or 16 per cent, 
more oil, a hard pitch remains of little or no value, whilst the anthracen obtained, 
according to tho nature of the coal, may amount to from U to 8 per cent, of fho 
heaviest oils. Its separation from the heavy oils and its purification are very tedious. 
Tho purest pAduct obtained on a moderately largo scale contained 40 per cent, if cold 
pressed, and 70 per cent, if hot pressed. The manufacture of anthracen from coal tar 
IS conducted as follows : — If the coal tar is distilled in the usual manner, it yields on 
the average per ton about 466 to 490 fluid ozs. of ammoniacal liquor, and 1,016 to 
1,050 fluid ozs. of very light oil containing benzol, 3,160 to 3,000 fluid ozs. of light 
oils still containing a little benzol and fit for use as lamp naphtha. 

If the process is broken oflT at this juncture there remains in the still the so-called 
asphalt, a black mass, semi -liquid even when cold, and consisting of heavy oils and of 
pitch. If the distillation is carried farther, creosote oils are obtained, and the residue 
in the still is then fluid enough to be run off when hot; but on cooling, it congeals to 
black shining hoed pitch. 

The distillation of the heavy oils, especially if it is intended to obtain Inbricants 
and anthracen, may be approximately divided into 2 or 8 processes. 

The distillate first passing over, if on being allowed to cool deposits naphthalin ic 
crystals, is collected and usra for impregnating wood, for which it is peculiarly fitted, 
on account of its hi^ percentage of phenol (carbolic acid). When the distillate 
xemains fluid on cooling, it is collected in another receiver, and used as a liquid 
lubricant 

After a time the distillate on cooling no longer remains fluid, but assumes a thick 
pasto-like confistenee, due to the depout of paraffin. This produces the so-odlsd 
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gieen groasa,' and in tlia principal material fur the manofiicture of antbracen. Thia 
ia aubjected to haaTy pieeaure, or it is placed in the centrifugal machine. By theoe 
method the greater part of the oils is removed, leaving a cake rich in anthr^n, 

* To obtfun the largeat poeaible yield of anthracen from thia pitch certain precaii' 
tiona are abwdutely neceaaary. The still must be greater in breadth than depth, and 
the distillation must not be cpiried on too rapidly. The pipe for the exit of the 
vapours must be of large sise, and must open into the still only 1^ or 2 decimetres 
(about 6 or 7 in.) above the surface of the ooiling pitch, and then mod immediately 
downwards, so that the heavy vapours scarcely require to rise, but may flow out easily 
and at once sink downwnrds. . . , . 

The distillation of the soft pitch is conducted as follows : — The iron still is filled 
with molted pitch, heat being at once applied. As soon as the distillation begins, the 
fire is moderated in order to obriate boiling over. When a certain quantity of heavy oil 
has passed over, an equal volume of melted pitch is introduced through a vertical tube, 
which passes through the dome of the still, and dips into the boiling pitch to half its 
depth. The still is not to bo heated too violently, lest the pitch should ourn. Towards 
the end of the operation, which may bo known by the condensation pipe growing cold, 
the fire is allowed to go out. . j • i 

By whatever means the crude anthraceniferous mass has ooen obtained, it must be 
submitt^ to a process of purification as follows: — 

(a.) Leaving the heavy oils for some days in a cool place, that tlio anthracen may 
be deposited as completely as possible. 

(A.) Filtration in a filter press, to separate tlie liquids from the solids. It is then 
put into the centrifugal machine. 

(c.) Ihressing the masu with great care after it has been removed from the centri- 
fugal machine. After pressure, the mass should be perfectly dry, capable of being 
powdered and sifted. 

(<f.) Washing the finely ground product with benzol or light petroleum oils. If 
the lixivitttion takes place at a boiling heat, the anthracen which is dissolved by the 
benzol or petroleum is redeposited as the solvent cools. 

(<f.) The lixiviated anthrac.en is then placed in the centrif^al machines, or strongly 
pressed and removed to the drying room. Anthracen containing 26 to 60 per cent 
actual anthracen is ground fine, sifted, and then placed in the WJishiug cylinder with 
an equal weight of naphtha, and stirred. The longer it is washed the bettor. The 
main point is that the crude anthracen must bo ground as line as possible, and that 
all its particles must bo brought in contact with the naphtha. 

Anthracen cakes thus obtained must be comminuted ns finely as possible preparatory 
to further treatment. This is best done by sublimation. Anthracen at al>oyo 60 per 
cent, may bo sublimed directly by means of air deprived of its oxygon, by being passed 
over ignited charcoal, or by superheated steam. 

To obtain pure anthracen it is preferable to sublime at the lowest possible tem- 
perature, and to wash subsequently with ether, which dissolves the adherent yellow 
substances Or the anthracen may be dissolved in b.inzol, and the solution may lie 
bleached by exposure to sunsbiue. In the latter case anthracen separates out on 
cooling in colourless crystals, possessing the splendid blue fluort’scence described by 
FitiT/scuK. Still the anthracen purified in this maniior contains an admixture of 
pora-anthracen. The best way of obtaining anthracen is the reduction of its 
derivatives with zinc powder. ... * 

The following methods have been use<l for the determination ot anthracen : — 

1 . The alcohol process, washing in boiling alcohol. 

■ 2. Tetrolmm and bisulphide of carbon procies. Perkin's Tnethod. 

3. Cohn’s bistUphtde of carbon method. 

Lucas has compired the determination of anthracen by Luck’s process with bisul- 
phide of carbon analysis, and has tabulated his results : — 


No 

By the bisulphide uf 
carbon prooeas 

By oonvoiBlon Into 
onthraqulnon 

Dlfferonoe 


920 

11*60 

+ 2*70 


1600 

16*40 

+ 040 


24*60 

26*10 

+ 1-60 


340« 

27-80 

-6-20 

6 

3600 

28*20 

-6 80 

6 

88 00 

2U*67 

8-33 

1 7 

3800 

33*38 

•62 

' 8 

40*60 

38*00 

2-60 

1 » 

4300 

33-80 

0-20 
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No. 

By the bisalpblde of 
carbon prooesi 

By oonverdou Into 
anthnquHion 

Dlffermoe 

10 

40 00 

84-24 

14-76 

11 

57-40 

44-61 

12-80 

12 


♦1-50 

16-60 

13 

50-00 

44-51 

14-40 

14 

60-50 

39*47 

2013 

15 

60-00 

87-«6 

22-34 

16 

60 00 

42-80 

17-20 

17 

64-12 

48-79 

16-28 

18 

05-00 

47-08 

17-92 

10 

67-00 

46-22 

20-78 

20 

7800 

49-22 

23-78 


Anthracen, its Coiutitvents, PropertieSt Marmfaeture, and Derivations, by O. Aukii- 
iiACu. TmnHlated by Wm. (Huuokbs, F.R.S. 1^ Amthuaqvikon. 


Anthracen and its Derivatives. 


Anthracen 






Anthracenhydnde . 






Anthracenhexahydride 






Bihromanthraten, 





. C»H“tBr») 

Jhbronutnthraoentctrabromide 





. 0‘H>Br»Br* 

Tnbrmnauthracen 





. C'*H»Br» 

Tetrabromanthracen . 





. O'^IPBr^ 

Bichhranihracen 





. C**H«C1* 

'rnchloranthracen . 





. 0*H»C1» 

Tetrachloranthraeen . 





. cm^oi* 

Anthracen carbonic acid . 





. C“H»CO*H 

Methylanthracen . . 





. 

Ihbrwnmethylanthraoen . 





. C**H>»B* 

Dum thylanthracen . 





. 

Anthraquinon . 





. C^H^O* 

Bibroinanthraqumon 





. C“H«Br»(0*) 

Monobromanthraquinon . 





. C'«H»Br(0*) 

Bichloranthraauinon 





. C‘*H*C1*(0») 

Mtmonitroanthraqumon . 





. 0'*H»(NOOO» 

Dittitroanthraquinon . 





. C“H*(N 07 ( 0 ») 

Monoamidoanthraquinon . 





. C>«H»(NH*)0* 

Diamuloanthraqumon 







The azo-cornTMunds >/ anthraquinon are of fpeat chemical interest, but they are not 
OH ^et of uiiich commerciitl viiluo They are therefore omitted, since all Who deeiro 
U) study these compounds should refer to Watts’s Dictionary of Chemistry, and to 
Anthracen, by Aobuuacu. 

Anthracen Production.— Dv. FuKDHaicx VhrsMann gives, in the Chemical News for 
November 17, 11VB7, a sod account of the anthracen manufiW;ture. The production of 
antlirHcen far exceeds the demand. Up to the end of 1877 there will be prcxluced in 
En^lijul alone, including the present stock, nt least 1,400 tons of pure anthracen. 
The requirements of all the alizekrin works do not exceed 2 tons a day, or 000 tons a year. 
The Paris Gas Company produces at least 250 tons a year. Belgium, and especially 
Holland, is active in the manufacture. America senu some to Europe, so that at 
the end of 1877 there must bo an excess of many hundred of tons. 

AWTSSRACBV on. The difficulty of obtaining pure anthracen oil and of 
obtaining anthracen from it is well known. Mr. A. McDonald Grauam* solves 
the problem. He writes : — ‘ At present, I believe, there are two methods of extract- 
ing the anth^en from the filtered oil employed by tar distillers. One of these 
methods consists in suLjucting the oil to fractional distillation, retaining only that 
portion of the distillate ^ming over between 300° and 380° 0. I^me manufiictui'ers, 
however, prefer to redistil the oil in a cast-iron retort, rejecting the first portions, and 
continuing the operation until the residue is coked. 

' As to the first of these methods, vis. purification by fractional distillation, anyone 
who has made the trial will, I think, agree with me that it is a work of some diffi- 
culty and expense, and not to be attempted if an easier method can be found. 

* Ihe second mode of operating on the oil, viz. distilling to a coke, has the merit of 
extracting all the anthracen, and was, 1 beUere, in general used by tar distillers when 
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the finthracen iw lold bv the ^troleum and bi-snlphido test. The quanti^ of real 
nnthmcen contained in the disullnto of course rnrios according to the nature of the 
oil operated on ; but it is usually very small, amounting on toe average to about 12 
per cent. 

' The method ‘which I have found to give good rosullH, and which would, I think, at 
once suggest itself to anyone. who had had any experience in such matters, is to con- 
dense toe oil, and allow the residue to cool, and the anthracen to crystallise out as at 
drst. In order to do this, I place, say 1,500 gallons of the illterea oil in a wronght- 
iron still, and distil until crystals of anthracen begin to appear in the distillate on 
cooling : tlie distillation is then stopped, and after the temperature of the remainder 
has become suffloiently reduced, 1 run it out into a tank, and allow the liquid to cool 
when the anthracen crystallises out in large quantity. A second and a third con- 
densation can be made if necesssry, but I have usually found that the oil was suffi 
cientiy exhausted in one opomtiun. 

* The solid portion deposited in the tank will now be found to contain at least 17 
per cent, of real anthracen, and will bo much easier to treat either by fnictional 
distillation or washing, being comparatively free from hydrocarlwins coming over 
at a higher temperature than anthr.iccn. I have found no difficulty in obtaining 
36 per cent, anthracen by this method, and others by care may arrive at better 
results. 

‘ Should washing be resorted to, it must not he overlooked that the crystals of all 
the substances dissolved are deposited according to their solubility in the dissolving 
medium, and by acting npon a knowledge of this fact the best results may be ob 
tained .* — Chmixoal Newa^ March 10, 1876. 

AITTKSAOZTB. {Anthracite, I'r. ; Die KoMenhomhlende Glanckohle, Gor.) 
Mr. Edwauu T. Hardman, of the Giolopieal Survey of Ireland, has published some 
remarks upon the formation of antliracito, which arc worthy of all attention. Tho 
following abstract gives the views entertained : ~ 

He considers coal to bo the ultimate result of the alteration of woody /Matter by the 
elimination of successive portions of carbon, hydrogen, and oxygon. 

Leaving out the ash and other incidonttil ingrtnlionts, the following table is given, 
us calculated from various analyses : — 

Celluloflo C>*1I«'’0« 

Pont. 0»^IT»'0'2 

Lignite 

HplintCoal 

Hard Coal 

Steam Coal C“H**0 

Anthracite 

Graphite 1 1 C* =r 2CH ‘ 

The following table will snrvc to show approximately tho manner in which tlu 
gases have been eliminated : — 

Loss undergone by Cellulose tn passing into various kinds of Coal. 


Passing into 

. CH» 

CO* 

H*0 C*H* 

Poat. — Cellulose loses 


2 

(Olefiant gas) 
13 

Lignite „ 

! 1 

5 

14 

Splint Coal „ 

3 

7 

14 

Hard Coal „ 

4 

7 

15 

Anthracite „ 

6 

7 

16 

Anthracite cool altered 
by strong heat 

3 

4 

20 2> 


* Anthracite might result in time from the gradual elimination of the volatile matter 
of coal ; and some of the oldest anthraci^ nmy have been so formed * Hr. T. STKRnv 
Hunt considers that while the alteration is in man^ cases due to ‘ subterranean 
coking,’ it may often have been the result of decomposition at ordinary temperatures. 
Mr. Habuman snys, * It will be found that, in nearly every instance where anthracite 
occurs, an outburst of igneous rock, of later date than the anthracite beds, exists either 
in the immediate vicinity, and unmistakably altering the coals, or is protruded snffl- 
ciently close to it to warrant the assumption that some of it rises near enough to have 
aflected the change.’ 

A synopsis is given of examples which appear to support the authoi^s views. 


' A prodnot of the destraetlve distillation of ooel. 
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IitiiLANO.— 7^ conversion of ordinary Coal into AntkraciU by Beai.—At Bally- 
ciiHtlt), county Antrim, a thick bed of baialt has penetrated the cou measures, and has 
alLer^ the M above it to a true anthracite. In the Leinster coal field, which con- 
tains per^M the purest anthracite of any district, the beds show no signe of die* 
turbance. The inference is, that subterranean heat has produced the change. 

ScoTiAWD. — The few examples that are fbund are invariably associated with igner»UH 
outbursts. The coal fields so affected are the Clyde Basin, t\feshire, and the Ayrshire 
coal fields. The last contains the well-known ‘ blind coal ’ of Kilmarnock, and in 
some places the anthracite has been rendered quite columnar by tlie thermal infiuence 
of trap dykes. 

Kxoland. — M any of the northern coal fields are penetrated by trap dykes, and 
whenever these come sufficiently near the coal it has lust its bitumen, and approaches 
more or less to the character of anthracite — as in parrs ot Durham and Northumlier- 
land, also in South Staffordshire, where the * 10-yard coal’ has been altered in more 
than one place to anthracite by the intrusion of masses of trap.* 

South Wales. — In South Wales tlie coal, bituminous on the eastern side, begins to 
change its character about the Neath Valley, near Merthyr Tydvil, becoming only 
huini-bituminous. This alteration goes on towards the west, until at last, in Pem- 
brokeshire, only pure anthracite remains. 

Dk la Bjsouk refers to the occurrence of trappean and granitic rocks — in Pembroke- 
shire, in the neighbourhood of Kosemarket and the northern arm of Milford Haven, 
— of more recent age than the coal measures. 

Duvonsuirh Culm Muasuhrs. — H oferrAd to the action of the granitic masses and 
trap rocks ot Dartmoor and of Lundy Island. 

KnANCR, Brloium. — In Prince the numerous small coal fields east of Auvergne 
cuutalu for the most part anthracite, and are connected with outbursts of igneous 
roikp*. The district lying around the mountains of Foroz have been specially subject 
to igneous action, and the coals have boon altered to anthracite, as in the region 
extending from ^’ichy to St.-Etienne. Hero in the valley of the Sichon the coal 
bearing rocks tire penetrated by porphyritic rocks, and much altered, the cool being 
aullir.icito. In Dauyhink and Savoy anthracite is found associated with altered 
schists and sandstone. ' 

Mans Coal J<\t Id. —Tho only anthracite found in Belgium occurs in this field, due 
probably to the action of the porphyritic rocks between Li^ge and Mods. 

Italy. -The anthracite coal of Demonto, near Cunes, in the Italian Alps, near the 
erupt 've rocks of Monfleis. See Coal for further description. 

ISAXomr. — At Chemnitz the coal measures are penetrated by the Permian porphyries, 
which accounts for the alteration of the * Rtuskohle ’ to a partial anthracite. 

SiLBsiA. — Here the cool strata are invaded by igneous rocks, and we have anthra- 
cite. The same effect is seen at Waldmburg^ at Osnabriick. Again in Hssse, on the 
Meissner, the basalt has converted the tertiary coal into anthracite. 

Styuia. — In tlie Slangen Alps anthmeite has been produced from the coal by 
igneous action. 

PnussiA. —The coal is gradually changed from bituminous to anthracitic by the 
proximity of igneous rocks. 

AnKBicA.^Tho great Appalachian Coal FHeld is some 180 miles broad and several 
hundred long. It is eve^ bedded towards the west, the coal being bituminous. 
Towards the eat the beds begin to roll, and are finally contorted, and the coal gradu- 
ally becomes anthracitic. The large dykes of trap rock extending through Penn- 
sylvania into North Carolina ore suppos^ to produce this ohange. 

Massachusetts and Bhode Island. — * This highly metamorphosed anthracite is clearly 
the north-eastern extension of the Appalachian coal field. The measures have boon 
in some cases completely altered to quartzites and schists, and the coal even to 
graphite. It appears likely that this locality was a focus of igneous action.’ 

Other similar changes are shown to exist in other parU of North America and in 
Mexico.— O m the Origin of Anthracite, by Edwabd Habdman, F.C.S.— tTburna^ of the 
Boyal Geologioal So^ty qf Ireland, vol. iv. Part iii. New Series. 

AVTKKAOXTB, JLMMOVXA ZST. From examinations of several samples of 
the coal which have been made in the Bussey laboratory it appears that some soluble 
compound of ammonium is often contained in Pennsylvania anthracite, such as is us^ 
fi>r niel in that yicinity. Some idea of the significance of the figiires given by the 
examinations may be gained by contrasting the amounts of ammonia in anthracite with 
the amounts of ammonia that have been found in soils. Thus, while it appears that 
100 grams of anthracite ordinarily contain from 0*0002 to 0 0008 or even 0*00666 

See JukM on ‘ The South Staffordshiro Coal Field,' Jfemotrs ef tbs QscUtgkaX Suresn ef ffnrt 
Britsin em the Aotsmet 0/ Igntous Reek* ugsn lAs ciol. 
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gram of ammonia, the experiments of Ekop and Wolf, mode npon 6 different 
kinds of soil, show no more than from 0*00012 to 0*00087 gram of ammonia for 
100 giums of anhydrous earth. The results obtained from the anthracite and from 
the soils are shown in detail in the following tables : — 


ReoapUtdat^ of the Experimmto on Anthraeite, 


No. of the 


Ammonia 

No. of the 

Ammonia 

Exporlfnent 


Iter coiit. 

Experiment 

percent. 

1. . 


. 0*00217 

VIIT. . 

. 0*00022 

II. . 


. 000080 

IX. . . . 

. 0C0038 

III. . 


. 0*00666 

X. . . . 

. 000040 

IV. . 


. 0*00645 

XI. . . . 

. 0-00018 

V. . 


. 0-00060 

xn. . . . 

. 0*00020 

VI. . 


. 0-06020 

XIII. . . 

. 0-00410 

VII. . 


. 0 00160 

XIV. . . . 

. 000056 


Knop and Wolfs Experiments on Soils. 
Kind of soli 


Very poor, light, sandy soil . 

Soil rich in humus from a beech wood . 
Srindy loam from hardwood forest 
Mould from forest on bank of river Klster 
Poor red sandy loam from a ploughed field 


Ammonia 
per wnt. 
ill dry soil 

000077 
0-00087 
0 00012 
0 00080 
0 00017 


Average 


. 0*000546 


AM TMUkTliAVOW. Anthraflavon itself is a mixture of 2 isomo];^ of alizarin, 
distinguished by their behaviour with buses. The one forms a soda salt very soluble 
in water; it dissolves in baryta water, which it colours a deep omngo yellow, combinos 
with goliitiucuB alumina to form an orange lake, and if melted with caustic potash 
between 136° and 160° C., it forms an isomer of purpurin. 

The other yields a soda salt sparingly soluble and readily crystallisable; it is 
insoluble in cold baryta water, does not combine with gelatinous alainina, and if 
melted with potassa at the same temperature, it does not give rise to .t colouring 
matter; a litde only is formed at a higher temperature, with the destruction of a large 
(Hirtion of the substance. This second body can be obtained in the form of lino silky 
needles, which in bulk present the yellow colour of chromate of lead, and recalls the 
aspect of chrysophonic acid. — Comptes Rendns, June 12, 1876 

AJrTBMArXiAVIC AOX9, C'*H*0*. An acid, isomeric with alizarin, obtained 
as a by-product in the preparation of the latter by melting disulpbanthraquinonic 
acid with potash. Roe Watts’s Dictinvary of Chcminlry. 

AWTMBAPUBWBnr. Mr. W. H. Parkin, in the Journal of the Chcniical 
Society for Juno, 1873, gives a paper * On the Formation of Anthrapwrpurin' in which 
he discusses the researches of Gkakhb and Liebrrhakn, and of Schunck and IT. 
IlnHMHtt, and then gives a process for the direct formation from disulpho-aeid of 
anthraquinon. The chemical reactions gi\*en will be found in Watts’s Dictionary 
of Chemistry. Mr. Pkrkin states that in the forraatiouof anthraquindn fromdisulph- 
unthraquinonic acid there are 3 successive relictions : — 

1 . The formation of sulphoxyanthraquinonic acid ; 

2. The formation of isnanthraflavic acid ; and 

3. The formation of Anthrapurptirin by the oxidation of the latter substance 
thus : — 

+ KOH - C»H»0' I (OK) + H* 

Fotaaiio Isoanthrafla^te. Fotaisio an^rapurpurate. 

isoanthraflavic add standing to anthrapurpurin as oxyanthraquinon does to alizarin. 
Anthrapurpurin, when faeat^ with ammonia, produces an amide derivative. This, 
when dissolved in boiling alcohol and treated with nitrous acid, yielded a product 
which, when sublimed and crystallised from acetic acid, was obtained iu golden 
needles, and yielded a colouring matter when heated with alkali, dyeing mordants of 
the same colour as anthrapurpurin. 

AVXXBAQVZVOV. Lock’s proosss for preparing this is as follows: — One 
gram of anthracen is dissolved at a boiling heat in 46 c.c. of glacial acetic acid in a 
small flask. It is filtered, if necessary, at a bml through a smul filter, and a solution 
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of 10 gnms of chromio acid in 6 e.c. of water and 6 c.o. glacial acetic acid ii gradually 
added in amoll portions, so that the liquid may continue to boil gently. Thib is 
continued until a distinct and pemianent greenish yellow colour appears, or till, alter 
prolonged boiling, a drop of the liquid placed upon a clean silver coin produces in a 
tew minutes a r^ish spot of chromate of silver. The liquid is then allowed to cool, 
gradually diluted witii 160 c.c. of water filtered afteiw a few hours, and the anthra- 
quinon on the filter is washed with water, then with hot, very dilute potash lye, then 
tigain with water, and dried at 100° C. 

For the industrial preparation of anthraquinon, anthrMen is employed, which, after 
a more or less perfect purification, is treated with chromic acid, nitric acid, fine. 

For the purification of crude anthraquinon, it has been recommended to boil it with 
dilute soda lye and zinc dust, to filter not, and to precipitate anthraquinon from the 
filtrate by blowing m air. Anthraquinon purified in this manner requires to be treated 
with sulphuric acid to make it fit fur the subsequent operations. 

Anthraquinon sublimes in beautiful golden yellow needles; but, on the lnrm scale, 
it is obtained in fine dark gold coloured columns, several inches in lengto. Tlie 
colour varies greatly, dopondiug probably on the size of the crystals. 

AVTBltiLQimrOXr, RBII. Auerbach obtains this bram alizarin paste. If 
this is evajxiratod to dryness and sublimed, the sublimate is not perfectly soluble in 
h vilrnlu of Nodti, but orange red needles are left I>ehind. With zinc powder and 
hydrate of soda they give the chdracterising red colour of anthraquinon. 

Anthraquinoi^, The boiling point of this compound is above that of 

mercury. Its VJi|)Our density is 7'3S. — G-rabuk, Deut , Chem. Ges . Ber. v. 16. 

M. F. OoppKLSuoRDRR says : * Anthraquinon has attracted my 

attenti >n, I sought first to tmnsform it by electrolysis at a low temperature into 
duanii, and the latter into purpurin, hut without success. I commenced then a new 
Huriob of experiments, operating at a high temperature. Meeting anew with great 
difficulties, I obtained, however, a result which encourages me to continue my studios. 
1 observed that on opeiating with caution a part of the anthraquinon is transrorraed 
into alizarin. I'liis transformation takes place on introducing into a very concentrated 
solution of caustic potash anthraquinon reduced to a very fine powder, passing the 
galvanic current, and heating almost to the melting point of potash. The hnass is 
coloured at first rod and then violet by the formation of alizarate of potassium. But 
this colouration is rapidly replaced by a new red colouration, which soon changes to 
a yellowish brown, and even to a deep brown, and consequently wo obtain a violet 
product mixed with uncliangod anthraquinon and with brown electrolytic products. 
If we continue to heat it, the mass becomes more and more deer and flnully white. 
If at the moment when the Inst red colouration presents itself, we reverse the current, 
the mass again becomes violet, then red and yellowish, because without doubt anthra- 
quinou and even aiithraceu are formed again. 1 may say, moreover, in a general 
manner that, if we do not go too far with decompositions, we may, by reversmg the 
polos of the battery, regenerate at the new negative pole the modifl^ bodies, and re- 
produce at the new positive pole the transformations that wore previously produced 
at the oppositii electrode. In the electrolysis described by the derivatives of aniline, 
phenol and uaphtlialium the positive pole plays the principal part. In the electrolysis 
of anthraquinon it is at the negative polo that the violet colouration commences and 
remains most intense during the whole of the operation. All the experiments of which 
I have just spefcen depend on the decomposition of water or an alkaliue derivative by 
the current. It is the electrolytic oxygen which acts in dehydr^enising, or in other 
cases it is the nxyhjdryl of the potassium or of the sodium whi^ is substituted for 
the hydrogen of the chromogen. 

* Up to the present time 1 have turned my attention especially to the principal 
products, without losing sight of the secondary products, the study of which is neces- 
sary to arrive at a clear idea of the metamorohoses which take place It is also 
necesrary to observe the gaseous products. The action of the current on melted 
organic bodies, proceeding as we do in mineral chemistry, will present especially 
great difficulties, whether because heat alone decomposes them, or because the 
electric conductibility is too weak ; but the study of these actions ought not to be 
neglected. We ought to try also to arrive at the simultaneous decomposition of other 
bodied added to the electrolyte, to arrive at substitution prodnots of the chromogen 
or of its electrolytic product. We shall thus arrive at substitutions b^ aloohulie 
r^cals and hy the phenyl series, just as we succeed by the aid of nitric acid or 
nitrates in producing at the positive pole nitro-derivatives, and at the negative pole 
nitroamido-, amtdo-, and even azo-derivatives. The obemistry of colouring matters 
will find in the researches of which 1 have spoken a field so much the more fertile as 
the oxidations and the dehydrogenisations play the most important part in the pro- 
duction of colour.’ 
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aOMlMBW, a colouring matter derived £rom the flowen of the toi^ iiaz 
(ItfijiHo cjfmbaiaina), sometimeC called the ‘mother of thoneande.' 

19m fiodreri are tr^ted with hot alcohol, and the infhaion eraporated to diyneeB, the 
d ]7 reaidue ezhauated with hot water, to remove the eugar and gum. The insoluble 
portion is again treated with alcohol, the solution filtered and evapora^, and tho 
residue dimrolved in ether, y^hen the ethereal solution is evaporated, the colouring 
matter is deposited in yellow needles, which can be sublimed unchanged. 

With alum anthrokirrin gives yellow lakes. 

T he oil o f the toad flax, when mixed with milk, is said to poison fiies. 

AWTlMOVTi in Arkanmu. Among samples of ores forwarded to Professor C. 
P. Williams of Boila, Missouri, in January last, was a specimen which was at once 
recognised as stibnite, and on notification, other specimens of the same from Sevier 
County were forwarded. The first specimen of the several received contained 11 '61 
per cent, of gangue, 67*62 per cent, antimony, 4*67 of bismuth, with small amounts 
of arsenic and iron. The latest result from a portion of another hand specimen is 
ipi^nded in full, with duplicate estimations of tho arsenic, bismuth, and gangue. The 
analyses were all conducted by Mr. C. K. Wumns, under Professor Williams’s 
direction ; and in the case of those given below tho ore was separated as closidy as 

E ossible ttQva the gangue before analysis. The results are for tho mineral freed from 
ygroscopic moisture, and are as follow 


I. II. Moan 


Pulphur 




. 28*618 

— 

28*618 

Antimony . 




. 68*676 

— 

68*676 

Arseuic 




•647 

•474 

•497 

Bismuth . 




•621 

•498 

•609 

Iron . 




•762 

— 

•762 

Gangue 




‘944 

*V48 

‘946 


99*868 99<^!« 

This result indicates that the ore is stibnito. 

With varying, but always small, amounts of the sulphides of antimony replaced 
b^ the isomorphous sulphides, orpimont and bismuthinite, the mineralogical composi* 
tion of the above specimen would be as follows ; — 


Stibnite . . • . , 

. 96*417 per cent. 

Orpiment . . . . , 

. -816 „ 

Bismuthinite . . . . 

. •626 „ 

Invito 

. 1-632 „ 

Quartz 

•946 „ 


99-486 


The mineral is interesting from the association of bismuth witli the antimony, and 
from the fact of adding another locality of antimony ores to the few now known in 
the United States. 

In Chnoda.-^ln 1863 a deposit — containing native antimony, antimony glance, with 
small quantities of Senarmontite, Falmtinife, and KermeHU (red oxysulphide) — 
was found in the township of ^uth Hans, in the magnesian rock4 of the Quebec 
group. The Laxx Gxobox Mimimo Compact are working grey sulphide of antimony 
at Prince William. 

The ocdurronce of stibnite or grey sulphide of antimony at Prince William seems 
to have been known for a number of years without attracting much attention until 
about the year 1862, when fresh discoveries having been made indicating a consider- 
able body of ore, several companies were formed with a view to its development. 
Through their explorations the mineral was found to bo more or less abundantly 
spread over an area of several square miles, occurring chiefly in veins of white quarts 
or of quarts and oalo spar, intersecting hard clay slates and sandstones of undeter- 
mined age. These veins vary in thickness from a few inches to 6 feet, the ore being 
irre^larly distributed through the quartz in strings or veinlets, sometimes attaining 
a thickness of fW)m 12 to 16 inches. A large portion of that hitherto raised has 
obtained within a short distance of the surface by means of trenches dug on the coune 
of the lodee^ but several shafts have also been sunk to a depth of over 100 ft. In 
connection with these, the Laxb Gbobob Murmo Oompamt have erected extensive 
works and machinaiy, embracing an SO-horse power ennne, a 30-honie power air- 
compressor engine, a Burleigh steam drill, BLAxifs crumer, rollers, jiggers, dee., as 
well as furnaces for desulphuriiation and smelting. These, when iu ftill operation, 
yield 16 tons of metal about every six weeks, the charges (of 600 ewt) yieldi^ from 
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46 to 56 per eent. of r^golua. The matoriaU *0101)10706 in omeltiog an ehanoalt ooda 
or tali'Cake, and roein. The Talno of the mot^ on the nound is 12 to U 
per pound. It io partly exported in oakee or inaote to the United States, and portly 
employed on the gronod in the manufaetnro of ttibbit metal (containing 16 to 20 per 
cent, of antimony with lead and tin, or in the better qualities with lead, copper, and 
tin), valued at from 20 to 60 cents per pound. ^ 

in New South Wales . — The compiler of the Mines and Mineral Statistks of New 
South Wales says: — * But little attention appean to have been paid to the extraction 
of this mineral (antimony), though it has bMu discovered in various parts of the colony 
in such quantities as should, under favourable circumstances, render the working 
of it a profitable employment. As the mineral resources of the colony come to be 
better known and appreciated, there is no doubt antimony will be raised in larger 
quantities, and will ^rm an important item in onr returns.’ 


The Produce of the Colony in 

tons 

owt. 

Value 

£ 

1871 .... 

. 81 

0 

660 

1872 .... 

. 0 

18 

6 

1873 

. 27 

12 

210 

1874 .... 

. 12 

16 

122 

Total 

. 72 

0 

897 


Tho sulphide of antimony has of late years been found in several parts of this 
colony 

Tins oro ih met with in tho massive state in mineral veins, and occasionally in rolled 
m ihs( s crystals appear to be rare. 

It o( 'lira on the ('laronoo and Paterson Rivers, the mineral occurring in masses of 
large size, and showing broad, welt defined, striated cleavage plains, portions of tho 
surface usually being iucrusied with a yell sw coating of cervantite, an oxide of an- 
timony = SbOV 

It IB found associated 10 many parts of New Englund with tinstone, molybdenite, 
wolfram, and other minerals. 

LotalUvt. — Tenterfleld, Armidalo, Qresford, Rylstone, Rocky River, Grafton, 
Mocle^ and Hastings Rivers, near Mt. Mitchell, Boorolong, Gara, Drake, Nundle 
Gold Field, Soltenuo, Wallcraw'ang, Qundagai, Shoulbaven River, Eden, Twofold 
Bay. 

Antimony Mines «n Queensland . — Amongst the many valuable mineral properties 
that exist in Queensland are the antimony mines of Noardie. They are situated 40 
miles by road from tho town of Maryborough and 23 miles from Tiaro, or head of 
navigation of the Mary River. The surveyed railway line to Oympie passes the mines 
within 12 miles. There are five SO-acre and two 20-acre blocks that have been 
proved ; but out of the seven blocks, consisting of in all 440 acres, only one block 
18 being worked by a small company. Some hundreds of tons of ore, averaging 
over 60 per cent , have been raised and shipped at Brisbane and Melbourne. 
Assays have been made at Gympie, Maryborough, Brisbane, Sydney, Melbourne, 
Ballarat, and London-all agreeing that the ore is of the purest Quality, being free 
from arsenic, lead, or other deleterious ing^ient. One large samj^e of star regains 
from this ore wu manufactured at the Buiimba Smelting Works, near Brisbane, and 
was pronounced to be of high quality. The known lodes are three, besides many 
leaders. 

The return drays fiom Gympie at present carry the ore to Maryborough, under 
contract, for ll. 17s. 6d. per ton. Traces of gold was the result of the London assay ; 
and gold, both in quarts and alluvial, is found extending from these mines to Gympie 
and beyond it. 

^tibmte is found at Garrick, containing from 60 to 64 per cent, of antimony. It is 
also found at Miller’s Flat, and near Arrow Town. 

Antimony may be deposited on copper or brass by using a bath of the double 
chloride of antimony and ammonium, the solution being slightly acidulated with 
hydroch loric ac id. 

AVATira, or Pho^hats of Lims. (Vol. i. p. 201.) Apatite in both beds and 
veins is vary common in the Laurentian rocks of Canada, and has been mined on a 
sm^l scale tm some years. It is generally found in ijyroxenio or gametiferons gneiss, 
or in etystalline limestone, and deposits several feet in thickness, and almost entirely 
free trom^ foreign minerals, are of nwquent occurrence. When in the form of scattered 
ciystals in limestone it is of little economic value, on account of t^ dill^nlty at 
separating it from its matrix. The best known deposits ore in Ontario, in the towiH 
ships of North and South Burgess and NorUi Elmsley ; but important localiUes Ime 
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also bean disoorered in Buckingham and Portland townships, Qnel>ec. As ^et, 
underground mining has been attempted in only a few instances, the apatite being 
chiefly deriyed from shallow pits and trenches. The deepest mine is on the tenth lot 
of thesiz^ concession of North Burffess, where two shafts were sunk in 1878 to 
depths of 186 ft. and 70 ft. respectively, on veins of sea-green apatite from 6 in. to 
6 n.. in thickness. 

The apatite, as it comes from the mines, is sa d to contain an average of about 
80 per cent, of phosphate of lime. It is first broken by a small Blaxh’s rock-brenker, 
then crushed between iron rollers, and, after passing through a series of sieves to 
free it from mica, ground between ordinary millstones. The ground mineral is then 
mixed in an agitator with an equal we^ht of sulphuric acid of 60*^ Bautii6. From 
tlie agitator it is placed in a car, which in turn tilts it into a senes of bins, where it 
soon solidifies into white honey-combed masses, containing, it is said, as high as 20 
per cent, of soluble phosphoric acid. The suporphosphiil e is then broken or ground 
up in a Carr’s disintegrator, and put up in barrels for shipment. 

APmOBXDBSXTB. A ferruginous Ripidulito (silica, alumina, magnesia and 
Itrotoxyde of iron. See Ripidolitk), occurring in fine scaly grains in the Duchy of 
NassHU. The iron in the mineral exists as silicate. From analyses the formula 
8(2R0,Si0*)-f-6(2R*0*Si0®) is dedin-ed, where Rb ferrous oxide and magnesia 

11*0* = ferric oxide and alumina. — F. Nirs Chem, Cmtr., 1876. 

APFABATXir. A colourless transjiarcnt substance, obtained fmm starch by 
treatment witli caustic alkalies, is so ciilled. Sovonty-six parts of water, 10 parts of 
potato starch, and 8 parts of potash or soda solution of 26®, turn to a thick jolly. 
The longer it is beaten up the better it becomes. If dried in thin plates, it is of horny 
consistence, but loss brittle than horn. It may be used for stifiening cloth of all 
sorts. It, is nearly insoluble after drying, and is not removed by two or three wasli- 
ings in warm water. — H. G-bkhard, IHt^f.pdyi. J., ccxvi. 

APOCTTWACSJE. A natural order of corollifloral exogons. One of tiio sources 
of Caoutchouc. Most of the species inhiibit the tropical countries, but s^^ne ftw belong 
to the temperate regions, among which are the rtnea, or tlie common periwinkle; the 
Nertum or oleander. Many of tlic species are poisonous ; some are used in medicine 
as emetics and cathartics ; and some few yield edible fruits. The poisonous and 
medicinal qualities of the plants reside in the milky juices, which the stem, when 
wounded, yields in large quantities. Many of the plants of this order supply caout.- 
chouc, the principal ones being Urceola ektshca, Vahea gummifera and Wiuughheia 
edulia. The Wrtghtia tinctorm yields nn indigo colour dye ; the seed pods of tlie 
Ajpooynum oaudatum and A, vUlosum produce a cottony down, which is called by the 
French Ddawad, and is in great request for making quilts, stuffing chairs, &c. The 
Apoegnunk. androatPMtfoltum is the Fly-trap of North America, much cultivated in 
tills countzy as an object of curiosity, as some affirm that it catches and digests 
flics and insects as an animal digests its food ; there are five sc^iles or hairs in the 
throat of the flower of this fly-trap which secrete a sweet liquid ; this attracts the 
lioney loving insects, and immediately their scales are touched their extreme irrita- 
bility (the cause of which has not boon yet determined) ohusos them to bond towards 
the centre oi the flower, and retain the insect prisoner. The Tabernamantana, the 
hya-hya or cow tree of Demararo, yields a juice which is used os milk by the inha- 
bitants. See Caoutchouc, Bubhah. 

APOOnUM. A genus of Apocynacea. r> 

ABACWZB BTPOCMBA. The ground-nut of Angola is of considerable im- 
portance. Many thousand tons of this little nut are grown on the west coast of 
Africa, large quantities being exported to Europe— principally to Franco —from which 
oil is expresseld. The native name for this nut is ' mpinda ’ or * giugulia,’ and it is 
cultivate in great abundance at a few miles inland from the coast. It requires a 
rich soil for its cultivation, and is chiefly grown in the bottoms of valleys or in the 
vicinity of rivers or marshes. The plant grows from one to two feet high, with a leaf 
very much like a finely nown clover. The bright yellow pea-like flowers are borne 
on lung slender stalks ; mese, after flowering, curl down, and force the pod into the 
grouni^ where it ripens beneath the soil. Its cultivation is a very simple affair. The 
ground being cleorM, the weeds and gws are allowed to diy, and then burnt. The 
ground is tW lightly digged a few inches deep by women with their little hoes 

their only implement of agriculture, and the seeds dropped into the ground and 

covered up. The sowing takes place in October rad November, at the be^nning of 
the rriny season, and the first crop of nuts for eating green is ready about April ; but 
they are not ripe for nine months after sowing, or about July or August, when they 
are first bronght down to the coast for sale. A large plantation of ground-nuts is a 
very beautiful sight : a rich exp^e of most luxurirat foliage of the brightest 
green, txvry leaf studded with diamrad-like drops /ditterinr in the early sun. These 



ARSBNIC 


81 


iratM aM tiMd largtly u food bv the mtim, M^alW In tfat eonniiy Ambrli to 
the riTer Oonm. A eoneiderable quantity of oil need to be prepoNd by the natiyefl 
ftom thii nnUiy the moet nidtmentaiy prooeoe it ia poaaible to inuifiliie. The nuU 
are first pounded into** mass in a iroaiden mortar, a handfol of this b then taken 
into the palma of the hand, and an attendant ponrs a small quantity of hot water on 
it, Rnd on sqneering the hands tightly together the oil And water run out. Since the 
great demand for, and trade in, the ground-nnt, bnt little oil is prepered by tha 
natires, as they find it more advantagMus to sell the nnts than to extcaot the oil. — 
AngtHa and ih$ River Congo, by Joaoux John Monmno, 1876. 

AmSAUST. {Areui and hditta. Let.) A crossbow. Applied rather absurdly 
to a machine for panulating auriferous quarts, by E. A. Fitton, in the specifications 
of his patent in the Patent Office, Victoria. 

AmwMwg.. Used for colouring wines. For its mode of detection, see Winns. 

Extraot and dough. The liohene are macerated for a quarter of an hour in water, 
to which a small quantity of potash is added. This is heated in dosed vesseb 
from 100° to 120° C. by means of hish pressure steam. The adds are thus con- 
verted completely into orcin. The diear liquid ie separated foom the insoluble 
woody mass and concentrated by evaporation. This concentrated solution is then 
treat^ with ammonia, and oxygen introduced. Tbip the formation of ordn rapidly 
takes place. 

To obtain ardiil dough a quantity of extracted lidiens is added to the above con- 
centrated solution, treiited with ammonia until the mixture assumes a thick pasty 
form, and oxygen is introduced. An agitator is used to ensure the aetien of oxygen 
on all parts ot the dough. — DvmI. poly. J., oczx. 480. 

AJtrawxci, Manufacture qf,from the waste qf aniUne eolour works. When colours 
are produced from aniline by the action of arsenic acid, there is a by-product obtained 
which consists of arsenious acid and lime, and it also contains carTOuaceous mattera 
derived from the aniline. Mr. E. A. Paxmbll, of Swansea, hae recently patented a 
method of extracting the arsenic. When the arsenical by-product is calcined at a 
moderate htat, a portion of its arsenic, amounting to about one-third of the total 
quantity present, is disengaged and volatilised as metallic arsenic. The remainder 
of tbo arsenic is contained m the residue in the state of arseniate of lime, fooni which 
heat alone is insufficient for the elimination of the arsenic. Under Mr. Pabmxij.’s 
invention the decomposition of the arsenical lime compound is effected by the ad- 
dition of a silimous material in conjunction with a carbonaceons or other deoxidising 
material. At a modorate rod heat the lime then unites with silica, thereby producing 
silicate of lime, and the arsenic is disengo^ in the metallic state, and capable of 
being condensed and collected in the^ usual way in a condenser or long flue. The 
presence of a deoxidising agent in oozyunction with silica is essential to imbet a rapid 
decomposition of the arsenical lime compound. The process may be conducted success- 
fully in a variety of ways : for example, the arsenical by-product may be mixed in a 
direct manner without previous calcination with the silicious materi^ ; or it may be 
first calcined, and resulting arseniate of lime mixed with silica and a deoxidising 
substance. In the raw or uncaloined atate the said by-product often contains suffi- 
cient carbonaceous matter to render the farther addition of reducing material un- 
necessary. Mr. Parnbi.l does not confine himself to the use of carbonaceons material as 
a reducing agent, as, arsenical pyrites or mundic may likewise be employed with good 
rMults. The ayienio contained therein, as well as that in the lime compound, is 
disengaged, and a mixture of silicate of lime and silicate of oxide of iron remains 
behind. 

Of the materials mentioned the proportions which he prefers to employ vary under 
different cireumstapoes. With siiioioos sand and coal he proceew thus :-To a 
quantity of the uncaloined arsenical by-product, containing four parts of lime, he adds 
five porta of fine oilicious sand, mixes the same immediately, and afterward adds 
two parts of small ooal. 

For the purpose of heating the mixture of the uneelcined arsenical by-produet with 
»nd, Mr. Pahnbll prefere to employ a revolving cylinder eimilar to Ozlanp and 
Hocxtno’b revolving oaleiner for oree and minerala, toe same being slightly Inclined with 
a flrmlace at one end. Bee Galoinbb. The raw mixture is allowed to enter eontinuomly 
in a dry etate into the cylinder at the end faziheet from the fire, and the siUcate of lime 
toffow out in a milvenilent state from the end next the fire. If the raw materials have 
mixed, it is not necessary Uiat the heat be raised co high as to cause in- 
^ silioato of lime. The most convenient eource of heat, whether 
the nunaoe ha a reverberatory furnace or a revolving cylinder, is a gas pro^eer 
similar to employed in conneetioa with the Sismhns’ regenerative tonace. ^ 
means of the gas producer sufficient heat ie obtained without exposing the mixtuie to 
exQMs of air. In order to oxidise the volatilised metallic arsenic and obtain BBsenieni 
VoL. IV, a 
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add, ab !• admtUad thfinigli openlnga in tlie oondengiag chambar whan it a^joini tha 
rarolving ojlindnr* 

Anothar mathad which Ma. PAurnix. also emidoys for oondnotlng his proosss is 
indnded in tlM patent. Haying calcined the said arsenical by-produ^ he mixes the 
resulting aneniate of lime with moist clay, sand, and smell coal, and forms the mix* 
tore into bolls or pellets, which when dir he calcines in an ordinary kiln, heated by 
a subjacent redamng fli^ For this mode of conducting the process he employs the 
foUotnng mixture Calcined orseniate of lime, 4 ports ; dry sand, 3 parts ; small 
coal, 1 jMut ; and moist day sufficient to contain, if dry, 1 p^. When his object is 
to obtain meUdlic arsenic from either of the mixtures described, he carefhlly ayoids 
the admission ota,n excess of air, not only in the furnace, but also in the condensing 
chamber. When his object is to obtain aisenious acid, be allows air for the com- 
bustion of the arsenic to be sucked in at the entrance into the condenser, or under the 
bed of the reyerbentory furnace. 

Anamno, w Prussia. See Mikbrxl Pboducts. Prussia. 

4UhTrLXiWtT. (ArHUsrie, Fr. ; Die Ariillerie, Ger.) (Vol. i. p. 238.) Miyor 
MAiTLAivn, R.A,, Assistant Superintendent of the BoyaL Gun Factories, gives in the 
Boj^l ArtiUsry InsHiutiou Pinsesadiugs an account of the SO-ton gun, from which we 
extract mueh of the following. 

The preparation of this yast piece of ordnance may be divided into two parts : one 
being uie actual making of the gun, the other the enl/ugement of lathes, the raising 
of rc^s, the strengthening of cranes, bridges, and railways, with many other altera- 
tions which will rMtdily suggest themselves. Besidos these important points, there 
remain to be taken into account the prqjectiles and the carriage. 

Those familiar with the heavy ordnance of our service will l^ve noticed that of lata 
years the thin coils, and many-stepi^ outline, belonging to the earlier models of the 
Armetrong system have gradually given place to the bdder curves and mansive coils 
of what is known os the * Frasbr * construction. The change has resulted in neater 
strength, endurance, and economy ; and, these qualities, as for as yet 4,ested, have 
been amply realised in the 80-ton gun. 
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The interior of the gun is formed by a solid-ended steel tube, (l)^. 2206. The 
manuiheture of these tubes is, to a certain extent, a speciality. That for the SO-ton gun 
weighed 16k tons, and no flaws could be detoeted in it. The material used is entirely 
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thttt kocnm at onioibb itofil, baing nelti^ ta about 240 nnall orueible^, whoao oonteuts 
are run into a large mould. The prooeea in TeiyezpeQmFe and eminentlj unieiantillc 
— having, indeed, nothing to reoontmend it but its nuooeoa 
It ia not requiaite to deaeribe minutely the detaila of the manulutitre of our ord- 
aa that haabeen already done in the previoua article ; we will menlj indicate 
the auceeaaive prooeaeea of building up the 80-ton ggn. Over the rear end of the 
ateel tube ia ahrunk a tery powerfhl coil, called the brera-pieoe (8, 2206). Thia ia 

■made of ^ aingle bar. 12 in. thick from inaide to outaide, bammeo^ rolled, and coiled, 
forming a cardinal point in the mode of eonatmoHon. The oaaoable ia next acrewed 
in (41 ao aa to abut firmly againat the aolid end of the tube, and the B coila are then 
shrunk on into their places (s, 6, 7). The ponderone C coil, carrying the trunniona, 
cornea last (8), and ia in truth a marrelloua piece of forging. It waa mode of two 
coils— ^ne outside the othar-4uid wae 18 in. thick. Theee omLi were welded together 
under the 40-ton hammer. It ehonld be stated that, in order to obtain greater ee^inty 
of eoundneea and ease of manipulation, both the breech-piece and the 0 coil wore 
made in two pieces, which were welded together, end to end ; care being taken that 
the weld of the breoch^piece wae not inconveniently near that of the C coil. 

The sketches appended give a clear idea of the aaeceeaive processes, and the Table A 
shows the weights of the forgings, both in the rough state and after finishing. It will 
bo noticed that the total amount of iron need is twice that of the gun. This waste 
is due to the necessity for turning off the surfaces and ends of the coils, so as to 
obtain a fine clear metal, free from flaws. The metal tnrnad off is, of courae, used 
again. 


Table k.— Detail of Weight of Material for 80-/ofi M.L.B, 0«», 


Nniue of piece 


Lonffth 
of ban 

Wdght ot 
ban 

Weight ot Iron 
used In gun 

Finished 
weight of parts 
of gun 


m 



tona. owt. 

qr. 

tone 

cwt. cn*. 

tons. cwt. qr 

A tube (eteol) . 


... 

... 


... 

16 

10 

0 

7 18, 0 

Hreech -piece 

{!? 

K 10x84 

X 10x8} 

60 

160 

J 

10 

18 

n 

o; 

20 

8 

0 

17 10 0 

Cascuble . 

|Si 

X 6} X 6J 

86 

8 

*9 

1 

7 

0 

0 19 0 


1 B coil 

80 

6 

9 

27 

6 

0 

18 8 0 


1 


102 

14 

8 

oI 






|R| 

X 64 X 6f 

80 

2 

6 






2 B coil . 


X 6} X 6} 

32 

2 

4 


6 

6 

0 

4 3 0 


17 

X 0 X 6 

81 

1 

16 

oj 






f 7* 

x6 xSj 

60 

4 

2 






B tube 

\ 7 

x6 x5 

40 

2 

6 


8 

1 

1 

3 8 0 


16 

X 4} X 4^ 

40 

1 

12 

ij 





Trunnion . 


x64x6i 

173 

12 

19 


18 

0 

0 

... 

C coil • 

< H 

X 64 X 5} 

173 

12 

19 

2I 

67 

19 

0 

84 6 

m 


x8ix7 


32 

0 

0 / 












164 

10 

1 

81 6 0 


This now well-known principle of abrinking on the aucoessive layera afibrda very 
great additional strength to the system, aince by its aid the strain of the discharge is 
transmitted to the very exterior of the gun, which thus adds ita quota to the resist- 
ance. The efficacy of the shrinking process is well shown by the measurements taken 
of the interior of the gun during manufacture. Thus the shrinkage of the powerful 
coiled breeoh-pieos caused the b^ to contract *020 in., and the compression of ths 
massive onter coil oanying the trunnions was so great that it was transmitted thzongh 
the breech-piece, and caused a farther contraction of '028 in. in the bore. 

The shrink^ was so a^jnsted that Uie maximum ooutxaetion (*048 in.) took place 
at a point 82 in. from the end of the bore, and gxadu^y died away in each direction 
towa^ breech apd muirie. Thus the pressure of ths gas— which is greatest in the 
powder chamber ind for a short distance in front of the base of the shot — was directly 
transmitted to the outer or C coil, the great strength and thickness of which form on 
important point in the system. It often happens, on firing a new gun, that ths shook 
of dutoharge permits the atoms of the matenal to shake themselres, os it were, and to 

o2 
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settle down vmrs eomftirtably. Thii eometimee resalte in the ehrinkage of the ontef 
coils taking inerMsed eflfoet on the steel tube ; but more nsnally the cteel tube* fits its 
exterior better to the interior of the coils, or perhaps slightly oompresses their nearest 
particlas, so that a small espansion ensues. It will be convenient here to draw 
attention to the Table B of measurements. The dgnres (>^. 2206) represent 
the diameter of the bore at s|}ort intervals taken horiaontally, before and after the 

Tabu B . — Showing Bbneontal MeatwnmonU of tho Boro of the 80-^o» Gun. 


InohM from 
muBle 

Before Bbrlnking 
on outer coil 

After ebrlnklng 
Ml outer ootl 

After firing SI 
roonde 



In. 

in. 

In. 

In. 

100 

14-408 

14-408 

14-498 

... 

106 

14-408 

14-408 

14-498 

Contraction. 

202 

14-408 

14-406 

14-494 

•001 

208 

14-408 

14-404 

14-498 

•001 

214 

14-400 

14*496 

14 494 

•001 

220 

14-409 

14-404 

14 492 

•002 

226 

14-499 

14-490 

14 400 

nU. 

Expansion. 

232 


14-488 

14-480 

•001 

288 

14-600 

14-482 

14-484 

•002 

244 

14-409 

14-480 

1 i‘481 

•001 

250 

14-400 

14*476 

14-480 

•004 

266 

14-490 

14-476 

14-478 

•002 

262 

14-600 

14-480 

}4-481 

•001 

268 

14-600 

14-488 

14-484 

-Ool 

274 

14 406 

14-481 

14-481 

ml. 


Noth.— Tht nerhcal tntoiurementa are ahMat UUntUal mth thoae gwen above, 

shrinkiug on of the outer or C coil. To the compression givon must be added that 
of the breech-piece, which was put on before the interior of the tube was ' finish- 
bored.* This compression reached its maximum of *02 in. at from 240 in. to 270 in. 
from the muszle. The gun, after firing 21 rounds, exhibited, as shown by the table, 
a slight contraction in front of 226 in. ftom thf muzzle, and a slight expansion in 
rear of this point, both being so small that the bore may be said to be practically 
unaltered ; and thus the outer coils retain undiminished their power of promptly taking 
up the strain imposed on the tube. 

It may here be remarked that the object of the tube is not so mach to afford trans- 
verse s^ength as to ftimish a good and impenetrable surface. In fitct, the Woolwich 
guns are constructed to stand with safety, even if the tube should split. 

It was thought desirable, in order to obtain as much informatW as possible, to 
bore the SO-ton gun to 14^ in. in the first instance, and to increase the calibre by 
half an inch at a time, till the full size of 16 im should be reached. It is anticipated 
that, by carrying on experiments at each stage, much valuable knowledge relating to 
the be^viour of powder and the manufactnre of heavy projectiles will bo acquired. 

The gun was rradj, in its 14^ in. calibre, for firing early in September 1876, having 
taken just eightesn months to complete. Of this time, several months were occupied 
the necessity for enlarging various puts of the plant in the Royal Gun Factories. 
The unprecedented size of the bars forming the coils entailed much heavy forge work, 
and the rolling mill then in use was not powerful enough to turn out such sections 
of iron. The coiling fnmaoe reouired alteration ; the roof of the tempering house, 
where ths steel tube is toughened in oil, had to be raieed ; the hydraulic crane had to 
be patched up to take weights beyond ite safe strength ; a lathe and luring miudiine 
of immense length were obvious necessities; the railways, wherever the gnn was 
intended to travel, required strengthening; the bridge over the canal was almost 
reconstructed. 

After the description given in the former volume of the manufactiira of the Wool- 
wich Infant by Captain 5oblb, it appe^ unnecessary to enlace upon the merits of 
the experiments which have been made in the constmctlDn of giant pieces of artillery. 
It is not possible in a work of this character to enter into the whole question at issue ; 
we therefore consider a general deseriptitm to be all that is necessary. 

MBWTOS VOWOn. Asbestos powder, made into a thick paste with liquid 
siUeaU of soda, is osed with great advant^e for making joints, fitting taps» edanoet- 
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ii« wpM and fllling evaoka in retorta. Thia oompoaition haidena Teiy quickly, nill 
atand any amount of boat, and prerenta tbe aaoapa of acid yapoura; hence it ia vexy 
aeryioeable in the manuihcture of acida and other oorroaive nrodneta. 

Me. John OaaTHauLB aa^ that he haa need aabeatoa powoer aa a luta fbr makiDg 
jointa, fitting tape and the like for about 20 yeara Irith oonatant aucoeaa. The 
powdered aa^tos ia made into a thick paate witn liq^d ailicate of aoda, and applied 
to-eonnCcting pipea or to cracka in r«>torta. It b aaid to be of great aervioe in the 
manufacture of nitric acid, aulphuzic acid, or other corroeive produota. It can be 
employed in a yexy eaay way ; it hardena very quickly, atanda abnoat any heat, and 
preventa the eaoapo of amd vapoura.— ChemucU 
AMOIM9ZMM* The genua of herbaoeoua planta with a milky juice. Borne of 
the apeciea fuiniah ozcellent fibre, which ia woren into mualina, an^ in aome parte of 
India, ia made into piper. Bee Textilb MATaaiAxa. 

ASraA&T. ( V ol. i. p. 267.) la now largely uaed in the laying of wood pavement. 


Imports into England, 



1874 

1878 

From Germany . . • 

, Holland 

„ France .... 

„ British West Indies . 

„ other Oonntries 

Tens 

2,116 

2,84V 

1,628 

8,695 

1,188 

Valua 

£6,271 

10,174 

6,677 

12,628 

2,666 

Tons 

4,166 

4,087 

1,849 

3,840 

641 

Tslne 

£18,268 

15,877 

5,477 

12,584 

1,618 

Total .... 

11,876 

40,806 

14,213 

48.774 


AaPHALT, &c. t» Prussia. See Mikkral PitoDUOTtom. Prussia. 

AMUAY oonam. see CofPBR AasAT. 

ATMOSranxO nuissvma used for raisino eoals. See CoAxa raised hy 
atmotpheriomessurs. The aubatance of a paper tranalated from the French by Mr. 
Thbodobb Wood Bumnwo, and publiahedin the TVansaotionsoftliiS North of England 
Institute of Minima and Meohanufol Er^neers, December 1876. 

AVCKTB. (Vol. i. p. 278.) See Lata. 

AVX4LimA. Gmshm of Ziirich aaya thia beautiful orange dye ia the ammonia 
ealt of an acid, which he haa deacribed under the name of Dipiorylamin. The colour 
was first made by Bindscuiedlbb and Boboh of Basle, about the end of 1874. This firm, 
however, has ceased manufacturing the colonr, because the salts of the acid in question 
exert, a powerfully irritating action up>n the skin, and occasion eruptions reaembling 
those produced by the application of croton oil. This action, however, appears to 
depend on idioaynciMy. 0. A. Mabtius remarks that the aurantia prepared by him 
does not produce thia effect, and that the experiments undertaken by mucowsky in the 
Physiological Institute of the University of Berlin prove the colour to be innocuous. 
The injurious effetts of the Swiaa aamploa must therefore be traced to an impurity. 
Aurantia, as appears from its composition, is violently explosive, and should bo kept 
slightly m oist with glycerin.— B bokank’s Farher £ntunq. No. 88, 1876. 

AVifiAWnv* Da V*w fbund in the flowers of OUrut deeumana a gluooside, 
which be believed to be Besperedin ; but it b a different body, and may be called 
Aurantin. The small yellow crystals consist of E. HoFFMAaK, 

Deut. C hsm. Ge s. Ser. ix. 

AVBiramoirS nBIT3W. 7\reatmentbyBromins, See Fthitbs, Aobifbrous, 
Rsihsd by Bromine. 

AliihtVf another name for Bosolia Acid and YsUow Ooralkn. To obtain this 
substance in a pure state, commercial roaolic acid ia diasolved in boiling alcohol and 
alcohol saturatM^ with ammonia is added. A crystalline compound of aurin end 
ammonia, almost inaoluble in alcohol, separates out, t^ impurities remaining in the 
solmion. The deposit is washed in alcohol and exposed to air,, when the mninonia, 
vaporised and pure aurin remains. 

AvBnr Obakju. To print thb colour 8 om. of the aurine solution b mixed 
vnm a gulon of thickening, made of 7 pints of water, 1 pint of ammonia, and 8 lb. 
of l actarina, and well stir^ until perfectly dissolved. 

AinPOma, (Vcl. l. p, 277 .) For the recent improvements in thb and othv 
pttH mases of photo graphic pnnting, see I^otooxafrio Kumtuio. 

AVTUMIVMi An ore of uranium, found at Autnn and St.-Trieux, not far from 
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Limojp^s, in Fnnce. AnalyMs by BBBnsLms and Whrthvr give the following oqm* 


poeition: — 

Phoephorie acid 1A*20 14*00 

Oxide of uranium . .61-78 68*28 

Lime . .6. 6 88 6-86 

Magnesia and protoxide of manganese . 0-20 — 

Barytes 1*57 1*08 

Oxide of tin 0*06 — 

Water 16*48 14-80 


Bee OuoRCH on the (Composition of Autunite, Journal cif the Chemteal Society, 1876. 
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BABBIT MBTAB. An alloy of antimony. It contains from 16 to 20 percent 
of antimony with lead or tin. The better qualities are said to give 20 per cent, of 
antimony, with lead, copper, and tin. It is sold at about two shillings a pound. 

BABIOBOir. A mixture used for stopmng holes in stone or wood work. 1'hat 
used for stone is prepared with plaster-of-Paris and powdered freestone ; thal for 
wood work, with One sawdust and strong glue — sometimes putty only is used. 

BABATA. A kind of caoutchouc obtained from the milky juice of the Bully 
tree of Guiana, the Sajpota Mulleri, a species of Mimusops, which grows from one 
hundred to one hundred and twenty feet high, with a trunk six feet in diameter. It 
is also called the Bullet tree, by reason of its round seeds, which are commonly eaten 
by the natives. 

BAUBIBB (French), derived from a Spanish word signifying * cover.’ In Brasil 
the leaves of the Canna arc used for packing purposes and called by this name. 

BAMOBUB* One of the Spurgawort family, which grows in Norfolk IbIszkI. 
When an incision is made through the bark a blood red sap oozes from the trunk, 
which is used by tha natives for marking bags, blankets, &c. 

BAMBOO. Said to be grown in Snnderland by a gentleman ; who reports a 
produce equal to 40 tons per acre, of which 60 per cent , is good paper-making fibre. 

BAVOOra WTO. This nut is obtained from one of the Euphorhiaoem, the 
Atenritee trUcha, a native of Oeylon, Cochin China, and eeveral of the islands of the 
Pacific, commonly called the Candle^rry tree. 

It yields an oil whioh is purgative, and, even without refining it is said to burn 
better than colza oil. It is said also to preserve ships’ bottoms. The great obstacle 
to the importation of the nut into Europe is the hardness and large percentage of the 
endocarp. The composition of the kernel is given bv B. GoiimrwxxDBR, in Comptea 
Bendue, as — 


Water 

6*000 

Oil 

. 62*176 

Nitrogenous substances 

. 22-618 

Non-nitrogenous substances 

6-8(77 

Ash 

3 846 

of the cake after decortication and expression of the < 

Water 

. 10-26 

Oil 

6-20 

Nitrogenous substances 

. 47-81 

Non-nitrogenous substances . 

. 24-04 

P*0* 

. 8-68 

K*0 

1-68 

M*0, CaO, 8iO« Ac. . 

719 


BAWtB B BWB BB. See ExrLOSivB Cohpoumss. 

BAOBABf TBB. Adaneonia digiiata, or the Monkey Fruit tree. 

The use of the inner bark of this tree for the purposes of paper making was dis- 
eovsrsd Mr. Juxcbim Johw Moutrou) in 1868, but it was not developed by him 
until 1866, end since that tims it has made bat slow progress in securing a position 
such aa it appears to deserve. The discoverer in his work on Angela and toe Btfsof 
Cot^o, 1876, gives the following deecription of the baobab:— The baobab, at * Aoi^ey 
fruit tree,' is well known from descriptions as one of the giants of the v^tabls 
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kflbdom. It nan iti Tait tnuik thirty or forty foet hi^, with a diameter of three 
or^ur ^t in the baby J^lante, to penally twenty to thirty feet in the older trees. 
Adanioniae of more than thirty feet in diameter are rare, but they hare been 
meaeored of ae groat a eiee ae oTor 100 feet in circumference; the thickest trunk 1 
have ever seen wee eixty-four feet in drcumferenee, and was clean and unbroken, 
without a orack on its smooth bark. • 

*The leaves and flowers are produced during the rainy senson, and are succeeded 
. the long, pendent, gOurd-like fruit, like hanging notes of admiration, giving the 
gigantic, neany leafless tree, a most singular appearance. Millions of these trees 
pQver the whole of Angola, as they do in fact the whole of tropical Africa, sufficient 
to supply an incalculable amount of paper material for yeare, but for the indolence of 
the negro race.' . . . The leavee of the baobab when young are good to eat, boiled 
as a vegetable, and in appearance are somewhat like a new horse-chestnut leaf about 
half-grown, and of a bright green. The flowers are very handsome, being a large 
' ball of pure white, about four or five inches across, exactly like a powder puff, with a 
crown of large thick white petals turned back on the top of it After a few days the 
flowers become tipped with ypllow, before dropping mm the tree. The trunks of 
even the largosu trees have, properly speaking, no wood, that is to say, a plank could 
not be sawn out of it, or any wdflc made from it. A section of a trunk shows first 
a thin outer (•kin or covering of a very p<^iar pinkish ashen white, somewhat like 
tliat of the silver birch, some appearing quite silvery against the colour of other trees 
and foliage ; then there follows about an inch of substance like hard mangold wurfel 
with fibres ; then the thick coat of fibrous inner bark, which readily separates ; next, 
the young wood, very much like the inner bark ; and lastly, layers of more woody 
texture, divided or separated by irregular layers of pith, the most woody part having 
no more firmness than perfectly rotten mildewed pine wood, and breaking quite 
readily with- a frsggod and very fibrous fraeturo. The centre of these vast trunks 
easily rots, and become hollDW from the top, where the stem generally branches off 
laterally into two or three huge arms. This is taken advantsge of by the Quissama 
blacks, who inhabit the south bank of the BiverQuanza, to use them as tanks to store 
rdin water in against a dry season. > 

‘ The hollow baobabs are very seldom open firom the sides ; I only remembefr one 
large tree of this kind m which an aperture like a door gave admittance into the 
empty centre ; this was in Cambambe, and the hollow was large enough for two of us 
to sit inside. . . . 


‘ The inner bark of the Adansonia is obtained by first chopping off the softer outer 
bark of the tree with a matchet and then stn^ping the inner bark in large sheets. 
The smaller trees produce the finest and softest fibre, and it is Uken off all round the 
tree, which does not appear to suffer much injury. A fresh layer of bark grows, and 
is thick enough to take off in about six to eight years. The bark is only taken off 
the large trunks in places where the outer bark is smooth and free from knobs, foe. 
In the course of time, the trunk growing, shows the sear, high above the ground, of 
the place where the bark has been taken off years before. The layers of the inner 
bark when cut are saturated with sap ; the pieces are beaten with a stick to soften 
them, and shaken to get rid of some of the pithy matter attached to them. The bark 
is then dried in the sun, when it is ready for pressing into bales, and shipping. 

' The inner bark is put to a variety of uses by the natives. It is twistea into string 
and rope for alkMorts of purposes, or used in strips to secure loads, and to tie the 
sticks, &c in makins thmr nuts. Finer pieces are pulled out so as to resemble a 
coarse network ; and the edges being sewn together make handy bags for cotton, or 
gum, grain, foe., and veiy stronff bags are woven from thin strips, in which oofiee and 
ground nuts are brought down from Oasengo to the coast.’ 

Mr. Monmuo was long engaged in establishi^ houses on the coast in Angda for 
bartering the Adansonia fibre, pressing and shipping the same to FngluT ^ d He says : 
’ In roy Jons and arduous task 1 have met with more than the ordinaiy amount of 
losses and aisai^intmentB from commercial fkilnres and other causes tl^ seem to 
foil to the lot or disooverers or inveutors in aenetal, but 1 have triumphed over all 
obstaoles and prqjudices, and have established its sueoess as a paper-mamog material 
beyond doub t.*^ 

* aAXXUM. (Vol. i. p. 200.) On fAs Pi^ipanUion tif MitaUit metal 

is iisualty obtained in a pure state by the decomposition of chloride of barium by 
means of a strong ^vanio current ; but this method, requiring a powerftil battery, 
is very expeerive. For the purpose of atuciyiiig the properties of barium, the fol- 
lowin^meU^ were used:— 

1. Metallic ^rium was obtained by strongly heating barium oxide (BaO) With 
metallic potassium, from which the benum was extract^ by mercury ; the taeeh^ 
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baritim amalgAm was lisated, the mercury distilled OTer, and pure barinm wav* 
ubtained, , 

*2. Barium was also obtained in the form of mennuy amalgam by a doubl^ composi- 
tion of a ooDcentTHted solution of chloride of barium in water, and .of sodium and 
mercury amalgam, as shown in the equation— 

(nHgira«)tB»Cl>-(iiBgBa) + 2HaCa. ^ 

As a small quantity of metallic sodium may remain free during this reaction, it is 
better to take an excess of chloride of barium : in this case a pure barium amalgam is 
obtained. The amalgam is quickly washed from the chloride of sodium in a cup witn 
water, dried and heated to set free the mercury. A description of this process may 
be found in every manual of chemistry. ^ 

It is understood that by wasliing the barium amalgam by water we oxidise in thsr* 
same time the barium, which readily decomposes water, with a solution of hydrogen 
and formation of barium hydrate TH^BaO*); so that if we perform the operation of 
washing the amalgam very quickly, even then we Jnse a considerable quantity of 


washing the amalgam very quickly, even then we ^e a considerable quantity of 
metallic barium. However, mis process for obtainiiybariuin difficult one; the 
only modification which may be proposed is to colleotms quickly as possible thp barium < 
amalgam, to dry it between filtering paper, and to heat it strongly ; then the mercury 
and the chloride of sodium, in the form of vapours, fly away. The specific gravity of 
the barium obtained by the processes mentioned above was found fb be 876 : it .is a 
whitish metal, slightly volatile. Tbe dry atmosphere has no actioikJi^n |t fliut it 
is readily oxidieea at ordinary temperaturmi by water, with the formation or H’Bau*. 


is readily oxidised at ordinary temperaturmi by water, with the formation of H’Bau*. 
The metal seems to be rough and ductile. Ordinary adds attack the metal, with the 
formation of corresponding salts. « 

SxBOiua Hsbnii proposes a &r easier ipthod, consisting ionthe pX||B|^on of puii^ 
iodide by barium (Bal’'), and obtaining toe barium by thmdi^mposiWn of the iodida 
of barium by means of metallic sodium. The (^ranon may be* divided into 2 
distinct paru : — wt 

1. preparation of Pure Iodide of Barium. — This salt may be prepared by acting on 
barium hydrate of iodine ; the operation is made in water slightly heated by a spirit 
lamp. We obtain then two salts, iodate of barium (Ba(10*)’') and barium ipdide 
(Bal*), by the reaction— 

6H*BaO* + 61* - 6Bal» + Ba(IO>)* + 6H*0. 

The fia(IO*)* is decomposed into B.il*^y passing a current of sulphuretted hydrogen 
through the solution ; we obtain then— 

Ba (lO*)* + 6H*S « Bal* + 68 + 6H»0. 

The barium iodide is filtered from the sulphur, evaporated and dried. 

2. Preparation of Barium. — The barium iodide is powdered and mixed with an 

equivalent quantity of sodium. The mixture is thrown into a covered iron crucible 
and heated. Strong reaction takes place with the evolution of light and heat ; the 
reaction is a very simple one: — * 

BaP + Na»-2NaI + Ba. ^ 


The pure metal may be extracted from the mixture by means of mercury and distilling 
the barium amalgam. By this process the barium was obtained in a more compact' 
mass. In all the ej^riments a strict analogy was observed between metallic barium 
and calcium *, stxomium may be supposed to resemble much these two metals, but the 
difBculty at obtaining the stromium in a pure state was an obstacle in stud^ng the 
properti es of t his met uL— Chemical ilTsiss, No 810, p. 248. 

SABIUM smJLTB. ( Vol. i. p. 294.) Bosbwstiebx states that eiystallised 
baryta melts in its water of oxystalUeation at 76° 0. ; the crystals then contain 46 97 
per cent, of BaO. 

Caustic baiyto may be prepared from heavy spar decompoaing the mineral, 
mixed with coal or cnareoal and sawdust^ in a furnace, extracting the sulphide of 
barium with boiling water out of contact with the air, and decomposing it with 1 j 
equivalent of oxide of zinc. The hydrate obtained by evaporating the solution may 
be converted into anhydrous baryta by heating it in eerthem i^linders in a steam at 
carbonic ox\dB.-^BuU. 8oo, Chim. (2) xii. polpt, J. cxeviii. 

SABtim tOlMCBB. See Babiuv. 

Qur trade in the varieties of bark, used by tannere, or such as if employed 
medicinally, hae been during 1874 and 1876 as follows ;— 
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Ba^kfor Ttmn$ri or Byori Ute^ Unenumeroted, 


0 

Import! 

1874 

1175 

Qnaiititf 

mm 

Qoantfty 

Valae 

^ from Holland 

owti. 

20,072 

A 

6,300 

owta. 

84,507 

A 

12,064 

H '' Bel^um 

« ff Bpttin . • • . 

117.112 

88,264 

165,863 

60,220 

... 

4,768 

11,066 

4,344 

* p Italy .... 

0,296 

... 

... 

* fi Algwia 

„ United States of America 

27,886 

10,606 

26,646 ' 

11.076 

26,368 

14,666 

83,883 

16,610 

^ ,t AuBtrnlia 

117,636 

67,041 

182,613 

138,884 

„ other Countries . 

6,440 

2,186 

72,482 

0,812 

Total ., 41 ^ .'-f 

324,708 

128,890 

471,000 

247,010 


Eitraott of Bark or other Suhstances to be used m Tanning or Byemg. 


r ADMrt. 

*% • 

1874 

1875 

Quantity 

Value 

Quantity 

Value 

f n in Boleuijll^ • 

f* „ rnmee : ^ . 

t ,r Coiled States of Amrica 
„ Bntitdi North America JP 
„ ’■other Countries . 

owta. 

... ^ 

A 

0,201 

29,966 

18,386 

6,816 

owts. 

A 

6,797 

28,106 

60.846 

41,010 

1,681 

Total .... 

1 

68,440 

... 

147,899 


Peruvian Bark. 


Import! 

lil4 

1875 

Quantity 

Value 

Quantity 

Value 

From Germany 

owta. 

767 

A 

8,866 

owts 

881 

A 

3,840 

„ France .... 

812 

9,627 

912 

10,124 

„ United States . . 

1,138 

0,100 

, ,,, 

„ lJ«*w Granada 


264,698 

28,826 


„ Ecuador n 

4.967 

49,146 

8,691 

6,270 

86,824 

„ Peru .... 

6,072 

69,869 

66,371 

„ Chili # . . . 

646 

10,660 

764 

10,684 

„ Brazil .... 

1,816 

20,629 

749 

6,421 

„ other Countries 

1,094 

10,271 

1,608 

16,820 

Total . • . • 

42,172 

442,241 

86,611 

874,160 


Cf Other 8orU. 


Imports 

1874 

1875 

Quantity 

Value 

Quantity 

Value 

From United States of America 

ewts. 

A 

owta. 

A 

Hi 

8,400 

9,268 

4,630 

„ Australia 

1,960 

1,440 

H New Gianadu 


8,686 

„ other Countries 

■i 

8,662 

2 , '417 

6,070 

ToUl .... 

11,080 

20.747 

18,646 

12,140 
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_ _r (Vol. i. p. 290), E 9 imination of, for Sugar and Ikxtrin. In unMrmjnated 
bttriey there ere, aerording to O. Eirinrjnf ahk, three Bubetanees which interflre with Che 
detection of engur. These are a substance which he calls Siniatrin, diillealtly soluble 
iu cold water, and having Isevorotary pov’ers ; another easily soluble in water, and 
preeij^taCed by alcohol ; and thirdly, a non-rolatile organic body. The sugar was 
separated in the following manner : — 

A oonsiderable quantity of barley in a finely divided state was exhausted in 06 per 
cent, of alooh<d, the extract mixed with twice its weight of ether, and the liquid 
agitated with about one quarter of its weight of distilled water. The aqneoffs solu- 
tion, after being separate ftom the supernatant ethereal layer, was examined and 
found to polarise light. It contained two kinds of sugar : one which reduced copper 
fjplution, and one which did not. The latter is crystalline, and appears to be identical 
in its properties with cane su^. 

The euaasted malt was dried at 100^ C., and further exhausted with cold water. 
The extract was mixed with six times its volume of absolute alcohol. The white 
flocnient precipitate produced was collected, di&sol^d in a small quantity of cold 
water, and again precipitated by alcohol. It then gl|vo chai*acj|pistic reaction differ- 
ing ftom those of dextrine. 

These researches show that neither germinated nor ungerminuted barley con- 
tains dextrine, but crystnllisable sugar and other organic belies. — Deut. Chem, Oes. 
Uer. viii. ^ 

BAaomTBR. (Vol. i. p. 292.) In the short article referred to, it was then 
thought advisable to confine tne attention simply to the use of the instmmeut as an 
indicator of danger in our coal mines. It must be evident to everyone that the 
slightest variation in the weight of the barometric column must have considerable 
effect on the conditions of the air in a coal mine. We have the stagnant air (we can 
scarcely use any other term) of the mine itself to deal with, which is constantly lial^le 
to special movements, as the great mass of tho atmosptlero is moved i^and wo have 
the air contained in tlie coal itself, which is, of course, liberated as there is any 
r«'duction in the pressure of the air by means of wliich it is confined in the interstices 
of tho coal. The barometer, by indicating tho true conditions of atmospheric pres* 
sure, is a very useful instnimeut to those who have been taught to use it aright. 

TItoro have been several modifications of tho barometer which are well worthy of 
notice, some of them being especially applicable to the, use of the mintr, seeing that 
very often small movements in the mass of the atmosphere may give rise to important 
changoB in the air, ns it exists in our subterranean workings. But it is essenual that 
tho miner should be instructed to read those slight changes aright. Tho great ne- 
cessity of the present time, when so much is said and written about scientific educa- 
tion, is a correct appreciation of the value of minute phenomena. 

A very sonsitivo Mercurial Barometer has been proposed by Dr. Frxdxbicx Guthrie. 
In a communication to the Physical Society on January 2U, 1877, he thus describes 
his invention : — 

‘ The object aimed at is to got a barometer which shall combine grmt sensibility 
with sufficient compactness. The barometers depending upon the weight of liquid 
columns are, unless the liquid is mercury, of unwieldy length. Dhscabtbs sugMsted 
a modification of the mercurial barometer, in which tho air-suppbrted column of liouid 
consists of two liquids, the lower one being mercury and the other me water, holding 
tartar emetic in caution to ensure the expulsion of air. Now thafVe know various 
liquids, notably hydrocarbons which have no sensible vapour tension at atmospheric 
temperatures, it is surprising that this form has not been re-introdneed. It appears, 
however, to be little known. It was suggested to me by a friend ; and I made one 
containing glycerine, and used it with success for some months before I was aware of 
its having been suggested'by Descarths ^ The sensibility of such a barometer would 
obviously be, if the upper liquid were without weight, directly proportional to the 
ratio between the sectional areas of the cylindrical chamber and the upper tube (if 
also the open limb were of infinite area). But the upper iiquid having weight, the 
limit of sensibility is the comparative density of ths merenry and liquid (say 16 : 1). 
Aocoidingly, this limit is reacted upon the cylindrioal chamber, ana has four times 
the diameter of the upper tube. 

* By inclining the top part of the supported column a theoretical increase of sensi- 
bility is obtained ; but pm^cally, on account of the dragging on the column and for 
other reasons, this device is not in use for exact measurements. Ths multiplication 
of motion caused by applring a float connected with a wheel, as in the common 
weatheS^ glass, is (iw similar reasons to be discarded for such purposes. Aneroid 
barometers are of exceedingly convenient form, bgt are of course saddled with the ob- 
jection that the metal ebambnr is never perfectly elastic, so that they nqulre frequent 
comparison with standard mcfcurial ones. 
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« My friend, the late B. F. Dima, detised a baromeMT In which the eietero orwpoti 
liml> wai^dispeosed with, and was replaced by an ot>en horicontal oapiUaty tube. 
The free eurfiioe of the mexcuiy in the capillary tube would then more at a rate 
proportional to the sectional areas of the vacuum end and the capillary. 1 believe 
this plan was not foond to answer, on account Of the oxidation of the free end of the 
mercury. * , , , 

* Thtf plan which I submit, and which in the models 1 hare made and have had 
madeehppears to succeed well, more resembles that of M. Duppa than of any other 
with which I am acquainted. One form consists of 
an ordinary barometer tube, b, 6 milUms. in internal 
diameter, connected by a Hat horiiontal spiral, s. of 2 
millims. internal diameter, with the omb tube, c, of 
the same diameter as b. In s is a buoble of air, a, 
at such a distance from b that it cannot enter b 
when the mercury in that tube is at the top. The 
motion of the bubble is, of co^^, 0 times as^fast ns 
thiit of the level of Ifre mercury in either limb, or 4^ 
limes that of the true barometric variation. The 
object of bringing b and c together is to avoid as 
much as possible the efiect of the relative differences 
of height on change of place. In another fbrm (which 
is being made by Mr. Hicxs, of Hatton Garden), 
the limb c is made to enclose oermetically the 
limb H This should bring the oflfeot of such relative 
tilting to a minimum. In one which 1 havo mys^f 
mndo, the tube s being straight and placed on a stone 
mantlepiece, a drop of sulphuric acid is employed 
instead ut the air-bubble. It has the effect of making 
the motion rather more nimble, but is perhaps not 
quite so trustworthy for exact measurements, because 
the wetting of the tube by the liquid causes some in- 
constarcy in its calibre, A tube, s, of 2 millims. 
internal diameter, connected with a barometer tube 
having at its upper mercunal surface a diameter of 
20 mQlims., would exaggerate barometric motion 100 
times , and of course the sensibility would approach 
the nearer to twice this, the greater the diameter of 
the open limb. There is indeed absolutely no theo- 
retical limit to the possible sensibility. It must be 
loft to practical glass workers to determine whether a spiral fbrm is the best for 
the tube s, or whether a series of parallel tubes ioined alternately end to end are to 
be preferred. According to Professor Dbwab, who has had great experieucs in the 
use of such tubes for mmilar purposes, it would not be aovisable to have the a 
tube less than 2 millims. internal diameter. In all coses, on account of the unavoid- 
able irregulonties in so long a tube, 1 presume as many as possible comparisons 
should be made with a standard barometer and the intermediate* graduations intro- 
duced by interpolation. In the straight one mentioned above, the gap in the raereuiy 
thread is seen through a lena to be in oonstant agitation.’ 

Mr. Jawbs Jobdaw has been very successful in the construction of barometers filled 
with water, and more especially with ^yatrine. An instrument of this class was 
erected in die late Exhibition of Smeatlm Apparatus at Soudi Kensington, and is 
thus described : — 

In this instance a column of glycerine, a liquid whieh is about one-tsnth part of 
^e density of mercury, is sustains in a glass tube by the pressure of the atmosphere, 
instead of a oolonm m mereuy, and the column is thus many feet long instead of many 
in^es. The glass tube a (Jig. 2208), whidishows the top of the column and its osciU 
lations, is loitied below to a |npe at b, whi w ie continued down the well of the staircase 
to a large gl^ss reservoir on the basement floor, and there has its open end plun^ 
into a bath of glycerine, covered by a layer of petroleum, to prevent moisture bmng 
taken into it from the air (fig. 2209). speaflo gravity cf the glycerine is l'2fi. 
The glass tube at the top, where the indications of rise and fUl are mven, has an area 
of one square inch, and tihearea of the cistern is 100 ^uare inches, ^e tube is fllled^ 
in the flnt instance, l^a very ingenious plan. There is a stopcock below in the cistern. 
This having basn oloirefl, glycerine is mured in through a stoppered cimflt the tm. 
The tuba having been in this way filled to the brim, the stopper u flialr Asad into the 
open oriflm 'above, and the etopoook below is turn^. The ^yosrine then mnadowh 
into the eistsm, but ionly until it reaches die height at which it ie balanced in the 
tube the pressure* of the atmosphere upon the exposed surfrpce belo^, Then ll 
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then a TBouum in the top of the closed tube aboye the glycerine, and the barometer 
is formed. The top of the glycerine moves up and down in the tube, os the pressure 
of the air is greater or less upon the liquia in the 
2208 reservoir below. The vacuum at the top of the tube 

is good, because glycerine, under all otmnaiy oondi- 
' tions, does not give off any vapou to fill that space ; 
whilst water, under the same circumstances, would 
fill the top of the tube with aqueous vapour, and 
even mercury has the defect of vapwsing in ^e 
Torricellian vacuum. The average height at which 
the column of glycerine is sustained above the level 
of the ciHtem is 27 ft. When a mercurial barometer 
stands at 20 78 inches, the glycerine barometer 
stands at 821 inches. A change of a tenth of an 
inch of mercury corresponds to a change of an 
inch of the glycerine. Tne instrument is furnished 
with two scales, one having true inches engraved 
upon it, and the other the divisions which correspond 
to an in<di of mercury at its fractional parts. As the 
cistern has an area 100 times that of the top of the 
column, the correction for capacity is therefore 1 
inch for every 100 inches of the column in the tube. 

The SpirM Cord BaromeUtt which is the invention 
of Staff Ck>mmander C. GIhobos, is a very simple 
method for filling the barometer tube at any time 
and under any circumstances, which commends itself 
more especially to the attention of travellmt The 
chief points are — 

1. The spiral cord being kept in the tube while 
filling. 

2. Using the cistern as a funnel. 

3. The circular motion given to the spiral cord, 
acting on the dense body of mercury, forces the 
cord upwards and out of the mercury and with it the 
air-bubbles. 

i. Vulcanised india-rubber stoppers for the cistern 
instead of cork, which will not stand the pressure. 

Description of ths Barometer. 

Ftffe. 2209, 2210, end 2211 show the barometer set 
in the tripod stand, in which the following may be 
briefly noticed ; — 

1 B c is the tripod stand, which forms the outer 
case when packea for travelling (Jig, 2211). 
a Is the tube. 

b The upper stopper, through i^ich the baro- 
meter tube passes into the cistern, 
c The cistern. 

d The lower stopper, on which the barometer 
rests, is supported upon a temporary tripod stand, 
or a large stone, block of wood, or box about one or two feet nom the ground, to 
suit the height of the observer. 

e A wood or ivory disc placed between 2 and 8 ; it rests upon the cistern, and the 
upper stopper and tube thus bear fairly and equally on the disc. 

/ A brsM or sine ease to receive tube cistern, stoppers, and ^iral ooid (Jig, 2211). 

J%§ Stands, 

No. 1 stand is of the tripod form, which when shut up has the sine ease inside it, 
contains the barometer tuM, dstem, stoppea, and spiral cord, Ac., u easily carried, 
and the barometer is well protected fnm accident. 

No. 2 stand consists of a plain strip of wood, 8| feet long by 8 inches brosd, has 
two small tables which shut up on hinges, and a button, fastened flat to the 
snr&ee of ths stand: the uppmr table has a hole in it to receive the tube when .being 
filled. * 

On the lower table the barometer rests for observation ; the stand bat a brass 







The tube ie 84 inchea long end 0*8 inch in diaiuetcr, the bore 0*25 inch, and t' f 
walls of the tube ^th inch in thiokness. 

The tube » graduated by the maker as follows at ^ hioh from the open end ie 
the eommeneement of the scale of the barometer, it » graduated upwards inch. 
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and ditlded iimfc into 0‘1 Inoh, and these again are quartered, so that it ean be read 
off by the graduations to 40*025, 0*050, and 0*075 of an inch, and can tberefioe be 
easily estimated to 0*01 inoh. 

The next mark is at 1 A inches from the aero, which determines the height of 18,000 
feet-, or 180^ of the boiling point: from 15 to 82 inches the small graduations re- 
commence the same as at sero, so that a comparison of the levels of the mercuxy is 
rood off to 0*01 inch. 

Fiff. 2211, 5 and d. • TU Stoppera are of vulcanised india-rubber, in length 1*2 inch, 
size of large end 1*8 inch, size of small end 1*15 inoh ; they are warrantM to stand a 
temperature of 82°, they will also bear the heat of the tropics ; especially as the tem- 
perature of elevations is much below 60°. 

c. — The Oiaiam is of glass, 3^ inches in length, 1*25 inch in the bore; wall of the 
cistern 0*1 inch ; the centre lenj^hways is marked by a scratch. 

s. — Tie Diao is a round piece of wood or ivory |th of an inch larger in diameter 
than the cistern, on which it rests, and is 015 in thickness ; a round hole is cut out 
of the centre, a trifle larger than the diameter of the tube ; another piece is also cut 
out from the inner circle Or hole, towards the outer edge of the disc ; this enables it 
to pass clear of the tube, and lays flat on the top of the cistern ; the upper stopper 
and the tube rest on this disc with a fair and equiu bearing. 

/. — Brass or Ztnc Case. This case receives the tube, cistern, stoppers, and spiral 
cord, ready for use ; it is lined urith a soft padding to protect the tube and prevent 
breakage; each end has a clamp-like fastening, which can be tied with a string. 
This case and its contents are then stowed inside the tripod stand, and thus secured 
while travelling. 

It is absolutely necessary to have the purest mercury that can be purchased, ns 
the integrity of the observations mainly depends on its having no alloy whatever ; no 
flltoring process will rectify bad mercury. Just before flllii^ tlie tubes, it will be 
found a good practice to force the mercury through a clean silk pocket handkerchief 
(doubled), by screwing up the comers, &c., until all has passed through ^ it may tlieii 
be poured into the iron fllterer, and is ready for use. 

It must be poured from the fllterer down the bore of the tube, and any quantity of 
ipercury that does not pass into the oriflee will be saved in the cistern. 

Articles used inJUUng the Tubes. (Fig. 2211, S.) — The Spiral cord is made of catgut, 
twisted, and performs a very important part, not only in filling the tube, hut in cleaning 
it out. At one end is attached a small strip of calico, which is tied fast and well 
secured ; this is passed down the tube to clean it out : at the other end of this cord 
is fastened the upper part of a crow’s feather, which is pnssed down the tube after 
lieing cleaned out, and remains there while the tube is being filled. 

C.— The FUterer is of iron, and is stowed in a wooden case, which serves fbr a 
trough to receive the mercury from the barometer when about to be packed away, 
and from thence the mercury is pouretl into the fllterer, which is flat and oblong, fitted 
with two screw plugs ; one of these being removed, into its place is screwed a nipple, 
with a very fine hole, through which the mercury is filtered into the oriflee ox the 
barometer tube when being filled ; the other plug on being removed, into its place is 
screwed a small funnel to convey the mercury from the trough back into the fllterer. 

7he Plumb-line is attached to the end of a piece of wire, me other end secured to a 
small cork that fits into the upper apettureof one of the spore stoppers ; this stopper, 
with plumlvline, See., fits to the upper end of the barometer, and caq^H) moved round 
BO as to test its being perpendicular, at right angles. 

Direetione for filling the Barometer iZbee, — 1. A piece of glazed calico, about a 
yard square or more, should be spread out smoothly on the table or floor, the glazed 
side uppermost, to catch the mercury that may bo spilled in practising the operation 
of filling, and to receive the globules that must be shaken off the spiral oora eveiy 
time it is withdrawn from the tube, and the spiral cord wiped with a duster on to the 
glazed calico. 

2« The india-rubber stoppers are marked with a black ring round them, which 
shows the depth they must be screwed into the cistern ; the stoppers, as supplied by 
the maker, are in their proper places, and there is no occasion at the first mling to 
move the stemper through which the tube is passed. To fill the tube, you need only 
to remove the lower stopMr, d, and, in replacing it, must force it into the oistern 
with a screw-like motion of the stopper one way, and at the same time a serew-like 
motion of the eistem the opposite way ; in thus screwing in the stopper, it may take 
a somewhat slanting direction, this is rectified by reversmg the motion of the stopper 
and the cistern, and thus screw it into the black mark. This should be practised 
two or three times on the empty tube and cistern, it is like putting a cork into a 
botrle, the latter bei^ too small for the cork. 

8. To clean the cistern, take it off the upper stopper, 5; this must be done 
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with th« ipBM eaveftil tcrew-likA motion as in patting it ote, lo as not to bring tho 
ciatero into oontaet with the end of the tnbe» ae it majr danmge it ; the rale for 
plaeing on the oiitem ie to bring the end of the tube half-wajr into the eieteni, which 
place for it, OB account of the motion when rererring the barometer after 

filling it 

4. Begin by cleaning the cietem outeide and in with a jolean diy daet«r, and then 
the ontnde of the tube with the same ; paoa the endf of the* spiral ccM, with the calico 
attached, -down the bore of the tube, and sweep out all the particles of dust, and 
whathrer impurities maj haye ^t in; pass the open end of the tube through the 
stopper, No. 3, which has a hole in it, and let it project about inch, so ae to resoh 
the middle of the cistern, which now put on with a serew^likc motion, and place it 
on the stand, dstem uppermost. Then thrust the feather end of the spM cord down 
to the bottom of the tube, and let it remain there. 

6. Now take the filterer, and pour the mercury into the orifice of the tube until it 
is one-third flUed. With the forefinger of the right hand move the spiral cord round 
rapidly from left to right, and when it has wormM its way ^ of the mercury, with- 
draw the laden feather from the tube ; clean the feather en^ of the Spiral coM, and 
put it in again to the bottom of tho tu^. 

6. Repeat the filling up of the meiouxy one-third more, and renew the same action 
with the spiral cord ; clean the feather once more, re-introdooe it, and, haring filled 
up the mercury to within three-quarters of an inch to the top of the astern, with- 
draw the featber with the same motion as before, and carofnlly fill up the space left 
by the spiral cord with mercury to within an inch of the top ; brash round the cistern 
with the feather-end of the spiral cord 

N.R — When giving the spirul cord circular motion in the tnbe, as it worms its way 
u|)ward8 and out of the tube, when the spiral cord is too long to conveniently give it 
circular motion, on account of its striking against you, tie the end of the oord with a 
loose single knot, round the tube, under the stopper of the cistern, and it will be out 
of the way, and help to give the required motion. 

7. This done, place the lower stopper, d, with a screw-like motion, firmly and 
evenly into the mouth of the cistern ; place the top of the sine tube on it, and the lugs 
of the said top will reach to the stopper, h, and then with the right hand revers^ 
make the lugs nip the stopper, h ; wo cistern and stoppers thus secured, dnw the 
barometer perpendicular out of the stand ; and, still holding it thus firmly, steadily 
and slowly reverse the barometer, and replace it in the stand, reeving the upper end 
of the barometer through the hole in the upper shelf of the stand, 6, and mud tbe 
cistern on the lower shelf, and set it upright, and let it remain with the cover of the 
sine tube, which affords it protection 

8. Lastly, raise the upper stopper, h, sufficiently to admit the ivozy disc, s; 
set It perpendicular, and in the middle of the cistern, allow it to remain a few 
minutes, read off both scales, the upper one first ; their difference is the reading of 
the barometer. 

Do not use a reading glass of too great convexity, as it will canse parallax the 
convex surfaces are the proper ones to register, and the eye should be placed on the 
same level as thn convex eurfuoe and at right angles to the tn^, winch is easily 
ascertained by noticing when the reflection ^ any mark of the graduation coincides 
with itself. 

1 . In emptyin^he tube, it should be noticed that the mercury always takes up a spiral 
form, somewhat like a corkscrew, with the handle held downwards ; the same law has 
been followed in filling with a spiral oord, and turning it round the same way. 

2. In comparing one of my buomeiers with one of Newton’s of the same sue, New^ 
ton’s always fell with a conooiw surface, while my barometer always maiatained a 
convBse, whether rising or falling, thus making the daily differences more exact. 

8. The largest sizM barometers can be filled by this process, by only enlarging the 
spiral oord and adding more feathers. 

Should the traveller have to ascend mountains over 10,000 feet, he must use pre- 
cautionary measuTM to save the mercuiy that will overflow the cistern as it descends 
from the tnbe ; this he will easily effect by removing the iron filterer from its case^ 
end use it as a savc-sll trough, by seonring it to the lower shelf of the stand, boforu 
he inverts the barometer, and then land it in the said trough : — afterwards, he may 
plunge the end of his icooefen pencil into the cistern, and cause more mercury to over- 
flow, which will leave dear space in the cistern to read off as at lower elevations. 

The trougb can then be removed, and the mercury poured back into thn filterer. 

For traveBers visoting the Arctic regions, where the intense cold may somewhat 
affeot the elastioity of the india-rubber stoppers, a cistern fitted with metal flanges 
“dserew caps will be supplied as required. . 

This memarial barometer is not Intended to supersede either the bOWng point 
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thermometer or the Aneroid, bnt to give them that AMiitanee whieh they bo moi*h 
need ; and the traveller who prefers using the boiling-point thermometer and the 
aneroid, may refer to it as a tUmdaird of oomparison— and thus afford the means of 
plaeing a i^ue on former observations. — Qua/tUrly Jourwd iht Meteorological 
SooUiy. 

'■Jtm«Trfi, See PAnm Babbblb. 

mamnAf omw. *Two parts of finely powdered peroxide of manganese are 
gradually Introduced into a fused mixture of 8 parts of potassium hydrate and 1 part 
of chlorate of potassium The mass is heated to low rMness, left to cool, powdcm, 
treated with cold water, and filtered. Kitrate of bainrtes is added to the ffltrate, and 
the violet manganate of bastes (barium manganate) is washed mixed with | to 1 part 
of hvdrate of barytes (barium hydrate) and heated to low redness in a copper bwin 
till it acquires a pure green colour. It is powdered and treated with water to remove 
free barium hydrate.— pdyt. Jour, ccxvi. 180. Journal of the Chemical 
Society. 

■ASWOOB. (Vol, i. p. 208.) This dye wood is fhlly described in the article 
referred to. The fdlowing new investigations by Dr. Andhbbok have considerable 
interest : — 

Barwood contains at least 3 colouring matters : ether dissolves out 2 of these : one 
(A), which is less soluble, and obstinately adheres to the baphiin fa colourless substance 
obtained firom barwood, having the fonnalA and another more soluble (B), 

which is easily got rid of. Alter the extraction with ether is complete, alcohol dis- 
solves a third fO). All ore insoluble in bensol ; all give purple lakes with acetate of 
lead, and purple colourations with alkalies. 

(A.) The solubility of this body diminishes after exposure to air. It may be purified 
from urohiin b^ boiling with beneol. It is a bright red powder. 

(B.) Orystalune dissolves easily in boiling alcohol. A strong solution cuts off the 
blue and nearlv all the giMn of the spectrum, the blue first. The same solution 
mixed with hyarochloric acid becomes darker, transmits the blue fniif'.ly, and very 
much obscures the green ; the yellow and red are transmitted. The solution, after 
the addition of the acid, on mixing with ammonia or potash, becomes deep pink ; tlie 
green and blue are much obscured, while the red is left, and the yellow is cut off and 
replaced by a black band. 

(0.) The green is more absorbed by this colour in alcoholic solutions than by (A). 
When the solution is moderately strong, a black band appears in the yellow. When 
hydrochloric acid is added, the green is more obscured, and the yellow is still decidedly 
effaced, notwithstanding the dilution; the blue is nearly removM, and the red remains. 
When ammonia is added to the solution after the action of hydrochloric acid, the colour 
becomes instantly purple ; the red ray is transmitted, the yellow is efiSmed, the green 
scarcely visible. C acts on the green and yellow more than A. 

N.B. It has been stated that the colouring matter of barwood is identical with 
Santonin. The above renders tliis very improbable. — Ehuote from Bam^ Nitida 
(Barwood), by the late Thomas A 2 a)BBBox, M.D., Journal of the Chemical 

Society, Deoembor 1876. 

BASABT. (Vol. i. p. 296.) ZiiuoiL divides basalts according to their micro- 
scopic constituents into — 

1. F^leMtio Baaalte, consisting mainly of tridinic felspar and augite, always 
asBociatea with magnetic and titaniferous iron, never with leucite. 

2. Leucite BaeaUe, containing white leudte, augite, olivine, and magnetic iron ore. 

8. NepheUne Baealte, ohiefiy composed of nepheline, olivine, and magnetic iron on, 

and frequently with leucite.— JarhacA Mineralcgie. 

BAnKZTB. Bauxite from Ireland, analysM by Birmrxs, gave for the nw ore— 


Silica 3 '6 

Alumina 860 

Sexi-oxide of iron 88*0 

Oxide of titanium 2 0 

Water 21*6 


A variety obtainhd firom Wochein in Coroiola gave to the same chemist the following 
for the raw ore 


SUica . 


. 6*20 

Magnesia 

Alumina 

, 

. 64*24 

Soda . 

Oxide of iron 


. 240 

Potash 

Lifne . 

. 

. 0*66 

Water 


0*88 

0*20 

0*i8 

25*74 


Bauxite forms an excellent material for the lining of furnaces which have to bear 
an inienee heat, as in Snofaws* rotatoxy fhmace. A series of experiments made hy 
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Snacmn*, to fonn floUd lompt by using different b{iiduip( matcriaUi, hato Bhown that 
3 p«r cent of argillaceous day suffices to bind the baurnte powder prevtously calcined. 
To this mixture about 6 per cent, of plumbago Mwder is added, which renders the 
■WAM practically iaftistble, because it reduces the ferrio oxide contained in the bauxite 
to the BMtallic state. Instead of plastic clay as the binding agent, water glass, or 

-!1!- L- li..^ a/ m. 1.am 1 wnnaa a* mmaIb 
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oxidation b^ fluid cinder a^ded to “bind them to- 
gether, which presents contact with the flama 
A bauxite lining of this description resists both 
the heat, and fluid cinder in a very remarkable 
degree. A rotative flirnace at Sibmbvs’ Steel 
Works at Birmingham was lined partlv with 
bauxite and partly with carefully selected plum- 
bago bricks. After a fortnight's working the 
brick lining was reduced friim 6 ins. to less than 
^ in., whereas the bauxite lining was still 6 in. 
thick, and perfectly compact. Moreover, the 
bauxite, when exposed to intense heat, is con- 
verted into a aplid mass of emery, of such extreme 
hardness, that it can hardly be touched with steel 
tools, and is capable of resisting moohanieal, as 
wall as calorifle and chemical, actions to which it 
is exposed. The bauxite used for this lining con- 
tained 63*62 per cent, alumina, 42*26 ferric acid, 
aud 4*12 silica. 

aATBfkllBTffiffi. The name given by Dr. 

SiHMuics to an instrument for sounding depths 
at sea. 

The principle on which the action of this 
ingenious instrument depends is the diminution 
of the influence of gravity, produced by an altera- 
tion in the density of the strata immediately 
below it. The density of sea water is about 1*026, 
and that of the rocky crust of the earth is about 
2*76 ; it follows that the depth of sea water must 
exercise a sensible influence upon the total gravi- 
tation if measured from the surface of die sea. 

In 1859, Dr. SnsMiWB proposed a method 
analogous to that of the bathometer, for obtaining 
roundings, and made an attempt to construct an 
instrument which should indicate such slight vari- 
ations in total gravitation as would require to be 
measured; but the difficulties connected with 
neutralising the effects of the variation in tempe- 
rature and the motion of the ship were found to be 
very great. Within the lost year, however, the 
exigencies of deep-soa telegraph construction have 
shown the value, and indeed almost the necessity, 
of having a depth indicator always to hand, and 
hfloee the instrument shown in our wood engraving 
ifig. 2212) as a diagram, not showing details, but 
ozuy the principle of action. 

The instrument consists of a column of mercury 
contained in a vertical steel tube, having cup-like 
extensions. The lower portion is closed by means 
of a corrugated steel-plate diaphragm, similar in 
constnioticm to the plates employed in aneroid 
barometers, and the weight of the mercury is 

balanosd in the centre of the diaphragm, by the elastic force of carefully tempered 
steel springs, whose length is the same as that of the mercury column. B<Xh ends 
t®* joluwn nto open to the atmosphere, so that its variations of pressure do not 
affect the re^ings of the instrument. 

The elasticity of i^refhlly tempered steel springs hiiving been found by experiment 
to diminish in on arithmetical ratio with rise of temperature, but in a different ratio 
von. IV. fl 
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to thiit ol tlie dilatation and consequent diminution of the density of mereuiy, this 
had to be ananoed for, in the mechanical constmction of the instrument. It is 
•rident that if the merouir were contained in a cylindrical veosel not rarying in 
diameter, its potential would always be sensibly constant. If, on the other hand, two 
cups were connected by a tnbe of infinitely small diameter, the potential would di- 
minish with rise of temperature, in the ratio of the eipansion of mercury. The form 
employed in the instrument is a mean between these extreme forms, the ratio betwsen 
the areas of the cups and that of the tube being goTerned by that of the ^minution 
of the density of the mercury and potential of the sjpiings. 

The tube is throttled near its upper extremity, in order to diminish the infinsnce 
of the ship’s motion in musing oseillations of the mercury. The instrument is 
suspended in a universal joint, a short distance above its centre ot gravity, in order 
to cause it to retain a vertical position notwithstanding the oscillations of the vessel, 
and it is contained in an air-tight casing, so as to be unaffected by atmospheric 
influences. 

The readinff of the instrument is effected by means of electric contact between the 
centre of the diaphragm and the end of a micrometer screw, the divisions on the rim 
and the pitch of the screw being so proportioned that each division represents one 
fathom of depth. Another mode of reading the instrument bv means of u spiral glass 
tube fixed on the top of the instrument, and connected with the mercury in the uppor 
cup by means of a liquid of loss density, is now employed, and has been found to be 
successfhl in practice. 

The indications of this instrument hare been compared with soundings taken by 
means of Sir Wiluam Thomson’s steel wire apparatus, and show a very close accordance. 
The following shows what kind of indications it has given. On October 31, 1875, 
according to soundings, the * Faiadav ’ was at noon in 82 fathoms, at 1 .8 p.m. in 204 
fathoms, and at 2.20 p.m. in 60 fathoms of water, whilst the bathometer readings 
were 82, 218, and 78, showii^ that the instrument indicated a passage shallow 
into deep water, and back into shallow, in a period of two hours, with considerable 
accuracy. 

The instrument may also be applied for measuring heights aliove the surface of the 
earth, such os in balloon ascents, but it is not to be relied upon for measuring the 
heights of mountains. 

The instnunent is chiefly useful in enabling the mariner to determine his position, 
when in foggy or cloudy weather he is unable to take observations. If the figure of 
the ocean bed was laid down more perfectly than at present upon charto, and such 
were in the hands of the mariner, he would bo able to tell, by observing his batho- 
meter, what was the approximate depth of water below him, aud the direction in 
which, and the rate at which, the depth either increased or diminished ; while by 
consulting his chart he would then be enabled to determine bis actual position with 
considerable accuracy. 

BMAM JUMBA. See Mimosa Sbkd. 

UMBM* (Vol. i. p. 300.) See also Maltuco and FvRMBirrATioM. 

The following analyses of beer are of so much interest that they are reproduced 
here from Watts’s l>wtwmry of Chemistry, 


Klml of Malt 
Liquor 

Speciflo 

Percflutsge of 

Original 
graylty 
of wort 

Malt 

Contents per pint 

giuvlty 

Alcohol 

Extract 

Aoetio 

Add 

baml 

Alcohol 

Bxtraot 

Q 

Burton Ale 

1040‘88 

8-S0 

13-83 

■33 

1131-68 

4-00 

fluid OB. 
3-lC 

OB. 

3-77 

s 

Bass's Barley Wine . 

108S-81 

8-41 

1176 

-33 

1114-78 

4-81 

318 

8-48 

80-77 

KdlobBighAM . 
QunnnM’s Stoot 

100SA8 

4-41 

8-68 

'18 

1048-38 

1-77 

MS 

*72 

10-78 

lOlS-fll 1 

6-81 

6-17 

'34 

1078-08 

3-88 

1-74 

1*80 

81-88 

TauMAir, Haxsurt, 
and Co.’s Porter . 

loiS'ie 

403 

8-13 

-34 

1001-83 

1-30 

1-OS 

1^01 

8117 

Writbiixa2>’8 Porter 

10]4'04 

4-38 

0-18 

•18 

1004-11 

800 

1-03 

1*08 

10-37 

HoAiufs Porter . 

lOlSSS 

4-18 

0-04 

•18 

1053-43 

1-34 

1-08 

1-08 

10-30 

PXRBT'S Ale 

IOOS’48 

8-87 

8-60 

•14 

1040-83 

1-83. 

0*38 

0-78 

7-87 


The following analyses of Austrian beers will show the distinctive differences 
between them and the English beers piivon in the above table, the quantity of alcohol 
in the English beers being generally in excess 













The ‘ actual degree of fermentation ' is found by deducting the amount of eztxa/Gt u 
the fermented from that in tlio original beer. 

ErporttUAoHS of Bur and Ate. 


To Russia . 

„ GlermAny 
„ Belgium 
„ France. 

M China . 

„ Japan . 

„ United States, Atlantic 
„ „ Pacific 

„ Foreign West Indies 
„ Peru . 

„ Chili . 

„ Brazil . 

„ Uruguay 
„ Argentina Republic 
„ Channel Islands . 

„ Gibraltar 
Malta . 

„ British South Africa 




„ Madras . 


21,948 

67,677 


„ Bengal and Burmah 

73,768 

264,249 

80,694 

Straits Settlements 


6,490 

81,182 

8,889 

Ceylon .... 


9.886 

87,376 

6,182 

Hong Kong . 


6,314 

26,981 

7,609 

Ansh^a . 

, 

118,418 

667,744 

97,426 

British North America . 


17,488 

80,647 

14,468 

British Wet^ Indies 
British Chuina 

and 

80,129 

121,066 

27,492 

othsr Oonntries . 

• 

81,681 

140,216 

82,048 

Total 

, 

669,418 

2,449,086 

604,611 
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bn^tdtionii of Beer and Ale, 



JB74 

1870 

Dn^ and 


BarreilB 

Value 

Barrels 

Value 

when Impoeert 

Mux— 

From all Countries . 

Spkucb — 

From Germany 
„ other Countries 

12 

2,280 . 

2 

£ 

92 

14,009 

15 

1 

2,194 

£ 

7 

15,420 

17. Is. per 
liarTCl 

Jane 1, 1809 
11. If. and 
11. 4f, aooord* 
ingtoB. 0. 

Total 

2,232 

14,924 

— 

— 


Of othbb Sobts — 
From Norway . 

„ Germany 
„ Holland . 

„ Belgium . 

„ other Countries 

374 

322 

873 

901 

315 

1,356 

1,684 

1,255 

4,025 

1,058 

262 

398 

1,182 

702 

1,630 

1,124 

4,646 

1,972 

8f . to ie«. 

■ according 
to 8. G. 

Total 

.2,375 

9,878 

2,644 

9.372 



Beeft ExaminoHon of for Foreign Stdaianoee, — Two kinds of materials are supposed 
to be used to adulterate beer, sweet and bitter. Of the former, starch, sugar, and 
glycerin are mentioned, but these are probably not used to any extend Of the 
latter, menyanthin, mntipicrin, colchicin, colorynthin, picrotoxin, bmcin, stiychuin, 
quHsein, and absyntnin, are supposed to be more or less employed. The first two 
and the last two of these are harmless. Those decidedly injurious are colchicin, 

E icrotoxin, brucin, and strydinin. To detect these, the followings process is recommended 
y WirrsTBiH. A litre of the beer is concentrated into a thick sprrup. This is then 
poured into a glaas cylinder, and five times its weight of spirit of wine of from 
93 to 95 per cent, added, and the whole, after vigorous stirring, allowed to staud 
twentv-four hours. The slcobolic solution is then poured oflT, and the treatment re- 
peated. The two solutions are united, and the alcohol is expelled. Dilute a small 
portion of the syrup-like residue with three times its quantity of water, and place in 
this a strip of white woollen cloth. After an hour, if the cloth remains white, there 
is no picric acid present, which, if present, would colour the cloth yellow. The re- 
mainder of the syrup is treated with six times its weight of pure benzine, 80^ boiling 
point, and vigoroumy shaken. The benzine then is poured off, and the operation 
repeated. The two quantities of benzine are then evaporateil. The residue may 
contain brucin, strychnin, or colocynthin. To test for these, put three small portions 
of tile residue on porcelain. To one add a little HNO* of 1 33 to 1*40 sp. gr. If a 
red colour is produced, brucin is indicated. If a violet colour is produced, colchicin 
is present. To the second portion a little cone. H’SO^ is added. A red colour indi- 
cates odloqynthin. To the third portion H’SO* and a bit of red chromate of potash is 
added. A purple violet colour indicates sti^chnin. The residue of the spirit is freed 
by heating from the last traces of benzine and then treated with amyl-alooh(d, 182** 
boiling point. If the amyl-aloohol is tinged of a wine red or a golden yellow colour, 
picrotoxin or aloes is indicated. To distinguish between these, a little of the alcoholic 
aolntion is put on a glass plate and allowed to evaporate at the ordinary temperature. 
If a white ciystalline mass appears on the plate, picrotoxin is present; if not, aloes 
is indicated. The portion of symp remaining after treatment with benzine and 
amyl-alcohol is freed from all amyl-alcobnl and then treated with ether. This 
dissolves absnithin and the bitter principle of hops. The former gives with 
a reddiili jjrellow, which readily passes into indigo blue. Finally the, vrup treated 
with ether is still to be tested for gentian, menmthin, and quassin. For this pur- 
pose, expel the ether, then dissolve in water ana filter. To a portion of the bitter 
nitrate Md an ammoniaoal solution of silver and warm it. If the solntion remaine clear, 
quassin is present. If a silver mirror is produced, it arisee from either gentian or 
menyanthin. Another portion is dried in a ponelain dish. To a part of the rseidue 
add concentrated H%iO*. If no colonretion ensues, or if, by heating, a carmine red is 
pToducod, it indicates gentian. If, however, a yellowish brown appears, which passes 
gradually into a violet, then menyanthin is indicated. — Jrohiv du PAotsmcm and Z!ls 
Anurkan Chmniet, 
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BMWWAaKi AmVinoiAli* ^ol. i. V. 838.} Anartide is iioir^877) beina 
•old for beeiwas which is a mixtnre of patam ana oommon resin. Ae artifleiiu 
article is. however, usually covered with a skin of real beeswax. 

Aeoording to a chemical examination of the artificial beeswax, tho appesmnce of which 
Is well caltmlatHl to deceive, as the compound is almost identical in looks with the 
genuine wax, whilst in colour, brittleness, fracture, and adhesiveness the difference is 
very slight. The outer surface of the sham article possesses the characteristic honey- 
like snmll of genuine wax, as genuine wax is on the surface ; but freshly broken 
surfaces have a marked pitchy (^ur. Melted at a gentle heat, the smell of honey is 
lost, and the pitchy odour asserts itself in an unmistakeable manner ; at a stronger 
heat it becomes intense, and persists for a long time. The melting point of the fidse 
wax is abont 160° Fohr., and its specific gravity about 0*962. In its further qualitative 
examination 1 gram was warmed with 10 grams of chloroform in a small fiask. The 
solution was clear and yellow, but soon became turbid on cooling, and an almost 
transparent, colourless, serous mass separated, more particularly upon the walls of 
the msk. Afterwards 1 gram was dissolved in 16 grams of 70 per cent, alcohol tv 
boiling, and allowed to cool. In the clear yellow coloured solution round and half 
routiU colourless granules were deposited, free of rosin. These were recovered by 
filtration, dried in the air, and weighed: 6 decigrams were thus obtained. The 
specific gravity of these granules was 0 910. The filtrate was e^'aporated at a ^ntle 
heat, and loft as residue a brittle resin of a beautiful dark yellow colour, weighing 
about 4 decigrams. Further, 1 gram in raspings was boiled, and well slndceh fo & 
solution of 1 4 gram 1>orax in 20 grams of distilled water. A colourless mass Wtpv- 
Bted on the surface of the liquid in the vessel. The liquid was turbid, but on oocmtlg 
was neiiher milky nor gtdatmous. The same experiment was made with the g >|M Sld e i 
free from resin. This time the fluid remained clear during boiling and irhai|i,i8dWi 
The granules united into a cake at the top of the fluid. A sample of Ann 
was then agitated with diluted ammonia solution : a portion of the residiw •ittvw 
mentioned, ime from resin, was also treated with ammonia. In both oases tbs fluid 
remained clear and transparent, and the samples unchanged, indicating the absence 
nut only of stearin, but also of curcomin and oleates. The granular bo^, 'which 
contained neither stearin nor Japan wax, was now tested for paraffin. It had a 
lustrous appearance and alabaster-like transparency, yielded between the fingem 
without adhering, and dissolved oaBiW and completely in oil of turpentine and beuxin, 
but not at all in absolute alcohol. The quantitative analysis brings out the quantities 
as 60 per cent, paraffin, and 40 per cent, of yellow resin. 

BMT. (Vol. i. p. 834.) Dr. Vosi.cxbb has published in the Jowmal th§ 
Agriffvlturai Society numerous analyses made by him of the sugar beet. In 1869,— 

ESngUeh Roots gave him 8 to 12 per cent, of sugar 
L%eh Roots „ 6 to 11 „ „ 

In 1870— 

English Roots gave him 9 to 13*8 per cent, of sugar 
Irish Roots „ 10 to 14*8 „ „ 

The distribution of mineral substances in beetroot has been studied by several 
ehemists. 

MM. £. Fiuncr and F. DminAur have grown beetroots under artificial conditions 
to ascertain the efifbot of various soils and manures in the production of sugar. The 
experiments were too extensive to be properly represented here : the original paper 
must be referred to (Comptes Rsndns, Ixxx. 778> The differences were very great, 
and so irregular that the authors cannot explain the differences observed. 

It was found the roots poor in eu^ oontua a much huger proportion of albominona 
matter than roots which are rich in su^ ; and as roots grown in very fertile soil 
were poor in sugar, the question arises, is not an oxeessive quantity of nitrogenous 
manure detrimental, by canring a tendency to the formation of albuminons matters 
rather than sugar f 

H. Faokool says, after five years’ experience be finds : 1. Beetroots are richer in 
sugar in proportion as they are grown close together. 2. The poorer such roots era 
in saline matter, the richer fue uey in soger. 8. The chlorides in the ash are greater 
in mportion as those salts are more abundant in the soil and in the manures used. 
4. tU |»qportioo of other alkaline salts contained in the roots does not depend on 
the richness of the soil and manures in inline matters, hat on their richness in 
nitrogen. 

M. L. Laojuuoi says that the sulphate of ammonium is a good manure in beetMxA 
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•ultiirek M It ino w iei tlio mouot of sugar, and girts a grsattf ralue to the palp. 
Hit salt apflan to be easily decoBiposed by the Itoet, the ammonia is assimilated, 
and the smphvrio add, nent^ised by the alkaline and earthy carbonates in the soU, 
oSbtds noumhment to the plants. — Smdus, Ixxx. 681. 

OownmnMtti has examined the Italian beet from Milan, Modena, Bologna, and 
othffi plaoes. The Italian roots mv poor in sugar, and contained much saline matter. 
1 Litre of jvioe gare 62*6 to 66 grams of sugar, from 10*2 to 16 grams mineral 
•alts, the Aenoh roots giving 907 to 182*4 grams of sugar, and 7'8 to 6*7 grams of 
salt per litre. Analysee m^e on 8 eamplee of French roots grown with different 
manures gave for 1 litre of juice as follows, for the salts contain^ ; — 



No manure 

Obemloal 

BUUDtUie 

Xarthaatoake 

manure 


ZramB 

zrarae 

(Trains 

Ohloride of codium .... 

1*238 

■798 

1-611 

Potash 

2-308 

2-3-27 

2‘316 

Soda 

•902 

1-1*26 

•699 

Lime 

•216 

•160 

•871 

Mmesia 

•322 

•293 

•2:n 

Bu$hurio acid .... 

•406 

‘201 

•182 

Phosphoric acid .... 

•681 

•667 

1 ‘144 


5-973 

6-661 

6-868 


The distillation of spirit fcom beetroot ie largely practised on the Continent. Mr. 
CAnnsuLL of Buacot hu lately commenced it in this country. Beetroots i^prepiired 
for fomentation by several processes. The roots are pulped or sliced, mixed Irith a 
little sulphuric acid, then pressed, and the juice fermented. 

The roots when sliced are treated with hot wash, acidulated with sulphuric acid ; no 
press is used, the sugar being extracted by displacement (Chawfonoi). The slices of 
beetroot are placed in vats and fermented without previous treatment (Leflav). 
Beetroot is liable to contamination with fusel oil ; but careful distillation removes 
this. The residual pulp after either of the above processes is good cattle food. 

Beetroot is used to adulterate wines: for the best means of detecting it, soe 
WnTBS. 

WMttLMMMm (See Benzol, vol. i. p. 837.) For delecting bensene vapour in coal 
gas, see C oal Ga s. 

BmAUVXra* A mineral like Vivianite, formerly found only as a psendomorph, 
in the Hobek iron mine at St. Benigna in Bohemia, has been discovered in the Father 
Abraham Mine at Scheibenberg in Saxony upon brown lueroatite. 

It forms laminsB and radiate groups, colour hyacinth red, streak yellow. Analysis 
gave 6Fo*0*8PO*+ 14H*0 . — ^Fbunzbl, Jarbuehfw Nineralogie. 

BVmif UMM9M. These sands, which are found to be excellent moulding 
sands, exist in tbe brown coal formation, or in the diluvial formation of the Mark 


in the cool measures of Wettin. They are imported into England, and used in 
some of our foundries for the finer kinds of castings. See Sands for moulding, 
BmTBXBBira. (See Antimont, vol. i. p. 196.) FeSSbS*, containing 66*67 
per cent, of antimony. It is sometimes fbund in large quantities associated with grey 
antimony. It has oeen discovered at Fadstow in Cornwall, and at the Mine Neue 
HoShung Gottei, near Freiberg. Von Ejlvwl found it to oontaiD— 


Snlphnr 80-63 

Iron 10-16 

Antimony 69-80 

Jarb. kJt. CM, Bekhi, 

BaBnoUBTXA. A genus of Leogtkidaoeet, a native of Guiana, Veoeziiela, 
and Brazil. One siiecies, S eMaia, yields the Brazil natz of the zhf^, aad the 
flbronz bark iz nzed instead of oakum for caulking shipe. 

BUtVB. Bee Exubald. 

BBTAm. A base occurring in the molasses of the beet It is also fijnnd ia 

the mangold wnxzel. See Wans’s^BierioMry qf Chemiitrg, Supplzmento 1 asd 6. 

toXOTSra. One of the magnesia mieat called also hexagonal mica, tyifiapiBl 
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nioB, d&o. It bai lately been found in Portland, and in Middletown in Oonneo- 
tiout, U.8. 

Tha hMtUt of Portland ie black, and yoeeeeBee a high loetre. In thin ^tee it is 
transparent, dear, and brown by transmitted light. It is oplioally uniaxial. Bpwiflc 
gravity 2‘D6. When heated before the blowpipe, it imparts to the lUoiie the charac- 
toristio carmine red colour of lithiai and it appears thus to differ from all the described 
varieties, Mr. Ghorou W. Hawns, of the 3neffleld Laboratory of Yale College, gives 
the'foUoViug analysis, showing that it ie a lithia-bearing variety 


Silica 

. 36*61 

Alumina .... 

. ‘20*03 

Ferric oxide 

•13 

Ferrous oxide 

. 21-8A 

Oxide of manganese 

1*19 

Magnesia .... 

. 6*23 

Potash .... 

8*69 

Soda 

•62 

Lithia 

•93 

Titanic acid 

1*46 

Fluorine .... 

•76 

Chluriue .... 

trace 

Water 

. J^87 


90*27 


The American Journal of Science and ArlSt June 1876. 

BlSimrTB. (Vul. i. p 346.) Its occurrence in Canada is thus described by 
the Oeolugical Survey of the Dominion : — Sulphide of bismuth was several years ago 
obtained in the township of Tudor, Oregon. The ore, however, was for the most part 
only sparsely disseminated in a veinstone of quartz, which also held ^aphite aud 
black toiirnialine. At the surface small quantities of carbonate of bismuth were 
found ; but lower down this was replaced by the sulphide, with traces of metallic 
bismuth. The vein in places was over 2 ft, in thickness, and traversed horublendio 
rocks belonging to the Hastings series. 

Uismuth has been fouud in the Now England District of New South Wales, between 
Oban and Tenterdeld. In the same district the hydrated carbonate of bismuth has 
beeu found in rounded grams. 

In Tasmania a tine deposit of this motal has been found. Mr. WinTUD thus 
describes its mode of occurrence : — 

‘ Mount Kamsay is better known for the remarkably rich and largo lode of bismuth. 
This IB said to be between 80 and 40 ft. m width, while it has been traced for a con- 
siderable distance. This valuable discovery was made after I left the locality, while 
a party was prospecting for tin, which latter metal, in a native state, they at first took 
it to be. As is often the case, the bismuth is associated with considerable quantities 
of Wolfram.’ — Stanif^ue Deposits of Tasmania, by S. H. Wintle, of Hobart Town. 

A specimen of native bismuth from Peru, analysed by G. Bakth, gave 03*372 per 
cent, of bismuth, 4*670 of antimony with a trace of tin, and 2* 068 of copper, with a 
little iron. 

Fmu) and Abrl {Chemical Snoietp's Joumed, xvi.) state the bismuth can be detected 
in most of the native sulphides of copper in about the same proportion as silver in 
galena. 

VoQXL gives the following process for extracting bismuth from ores not containing 
lead :~The stam^ ores are mixed with 68 per cent of wrought-iron filings, and, 
according to the richness of the ore, with from 16 to 60 per cent of soda, 6 per cent, 
of lime, and 6 per cent of fiuor spar. Arsenic and sulphur, with cobalt and nickel 
separate in the foim of speiss, and the bismuth is obtained in a metric state. This 
process is employed at Joaohimsthal. 

Bismuth may be deposited on copper or brass in a condition susceptible of a fine 
polish hy using a bath containing ftw 26 to 80 grams per litre of double chicmde of 
Dismutb and ammonium, the solution being slightly acidulated with bydroobloric acid, 
one Bunsen cell only being necessary. 

The objects on being t&n f^m the bath are covered with a blackish mnd, be 
Death which is the film of bright, firmly adhering bismuth. — ^A bxaxp BubthaicPi 
iTsur. Pkarm* Chim. (4) xxii. 

Bismuth and tin unite readily when exposed on charcoal to the reducing fiama of 
the btowpip^ bat the fused mass immediately throws out exereseencss. and becomes 
covered with a dense crust of oxides. The reaction is not, however, so striking aa 
with lead or tfn.»*OHAPiiaif. 
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Biiiiliath re&dem mwoght-iroii oold-sbort, bnt it Tobtilises at the welding head of 
the iron. 

Bitmuih, DouU$ Hvpotu^kiis of, ond Soda, (Vol. L ^ 846.) M. A. CABifOT has 
prepared tbeee new em in the following manner 

If into a diriitlv acid eolation of chlondo of biemnth we poor a concentrated eola- 
tion of hypoeuphite of eoda, the liquid immediately heoomee ydlow, but it remaitie 
clear. If miaeid with water there ehould be no turbidity, provided eufficient hypo- 
eulphite (8 gxame to 1 gram of biemnth). The liquid, if left to iteelf, ffradually 
changee, anlphide of biemuth being formed, and there ie a formation of eulphatee. 

Bi*0*3S«0*+ 8HO-Bi*S*+ 8(SO»HO). 

Heat favonre thie deoompoeition, and prodneee a depoeit of sulnhide in email black 
cryetalline graine. The compound formed ie a double hypoeal|mide of biemuth and 
coda. 

Cabkot recoimneuda thie ealt for the detection of potaeh . — Chemical News, Bep- 
temb er 16, 1876 . 

BSMBITTSITB. Thie mineral ie found, together with Joeeite, at San Joe4 di 
Madureira, in Braeil. It ie a hydrated carbonate of bismuth. The mineral ie very 
soft. Zte powder ie ^Toee green, which colour it retaiue when boiled in putaeh. On 
cba rya l it melt s easily. 

BnMUTKOraWUTB. A eilicate of iron and bismuth, from Schnoeberg, in 
Saxony. 

FaxMzaL found it to contain— 


BiO* 

. 2308 

24*06 

FeK)* . 

. 33*33 

33*12 

Bi>0» . 

. . . 48*26 

42*83 


90*67 

10000 


Tlie moeeive green iron ore, containing bismutli — found at the same place—ie 
probably a mixture of the above with mother mineral. 

Bxsason OXTOS&OXma. See DAunuHiTB. 

BZmimi OanraimnaL B'SO” occurs native as KareUnite, in the Altai. 
An artificial oxyenlphide may be prepared by heating the tritoxide with enlphur to 
low redness in a retOTt. 

aiTnmnnL Burthelot gave this name to the least volatile of the hydro- 
carbons obtained by pa**' ing hencene vapour through a tube of porcelain heated to 
brig ht redn ess. 

MTUMnroini SSAU. (Binnemr, vol. i. p. 862 ; Naphtha, voI. iii. p. 386 ; 
Paraffht, vol. iii. p. 602 ; Skalbs and Mihbral Oils, vol. iii. p. 766.) The follow- 
ing condensed account of the occurrence of shales of a very bituminous ehamcter in 
the United States of America, is given by Mr. G. C. Bboaiihiiad, in Afinss, MeUde, 
and Arte : — 

* Certain thinly laminated rocks, ordinarily termed bituminous shales or slates, occur 
in the Utica slate of the Lower Silurian system, as well as the Mareellus and Qonessee 
of the Devonian rocks of Canada and New York. It is well known that similar beds 
are of frequent occurrence in our coal measures in every State where coal is found. 
Br. T. Btbbrt Uitkt has appropriately termed them ** pyroschists,” and defines them 
*' to be argillaceous rocks, containing in a state of admixture a brownish insoluble and 
infusible hydrooarbonaoeous matter altered to lignite or coal.’' We might add, that 
they are of a very dark brown or black colonr, occurring in very even and genarallpr 
thin lasers. Some of these stratas contain, in the absence of oil wells, su&ient oil 
to distil fcr illuminating purposes.’ 

From the JUinoie Qeol, Rep., vol. vi., we learn that there are 18 bitnminoue shale 
beds in the Illinois coal field, aggregating 34 ft. in thicdmess. 

* In Missouri, onr estimate is 21 beds, with an aggregate of 89 ft. This in a thick- 
ness of nearly 2,000 ft of coal measures. A few of ^ese blend into a oannel coal ; 
for instance, omFtain beds in Johnson county, vis. Porthn’s, nev Dnnksbiug; 
HoOlullah’s, six miles south of Warrensburgh ; and Tapsoot'b, near Hdden. 

* The Breokeoridge coal in Kentucky is also a similar oannel slate. From the latter 
there was fbrmerly distilled a good quantity of illuminating oil ; in fket, it was quite 
celebrated, bnt the discovery of the rich flowing wells of Pennsylvania suspended its 
production.' 

The following table indudes analysis of certain Kentucky pyroschists as detsmined 
by the Kentucky Gedogieal Survey 
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No.1 

Bdhossoii 

Oa 

No.0 

Masirsa 

Oa 

Kat 

Wourr 

Ca 

Na4 

WOLTV 

Oa 

Va6 

BoKATHan 

Oa 

Has 

MdSUN 

Oa 

Thickness . 

6ft. 

22 ft. 

— 

8 ft. 

8ft. 


Spedfle gravity . 

1362 

... 

14 84 

1-888 

1*86 

see 

'Moisture r 

... 

2-84 



1*60 

1*60 

Vol. Comb’n 

69*7 

1-62 

41*04 

44-68 

48*02 

86*04 

Total Volume 


16 

... 

... 



Coke «... 

40-30 

82-00 

67*30 

64-26 



Ash .... 

26-00 

67-07 

20*04 

21-06 

BieIib 


Carbon in Coke . 


24-03 

28 02 

82-76 



Sulphur 


... 

0*84 

0-60 


mn 


Most of Ihese are from the base of the coal measures. No. 1 is a cannel shale, 
which burns freelv, is found under a considerable area in Butler Countiy, and is 6 ft. 
thick ; No. 8 is also a cannel shale, which will form a pulveient coke ; No. 4 is a 
cannel shale over 3 ft. thick. 

West Vir^nia, Pennsylvania, Ohio, Indiana, BUnois, Missouri, Iowa, and Kansas, 
abound in similar bituminous shales. 

The bituminous shales of Collinffwood, Ontario, when distilled, yield 3 to 4 per 
cent, of tarry oil, which, when rectified, affords illuminating and lubricating oiL The 
available shale bed is 7 ft. thick, and its geological position the Utica slate. The 
best bituminous shales at the Albert mines yielded 63 gallons per ton, and 7f600 ft, 
of gas per ton. They belong to the carboniferous. 

Bituminous shales are worked to some extent in Great Britain. The returns, how- 
ever, have been but imperfectly made. 

The Oil Shaks Jietuma to the Coal Inspectors of late years have been^ 



1878 

1674 

1874 


tons 

tone 

tom 

Lancashire 

60 

887 

4,118 

Northumberland .... 

1,611 

ess 

Shropshire, &c . . . • . 

Nortu Staffordshire .... 



6,617 

3,101 


South Staffordshire .... 

360 

North Wales 

11,360 

*270 

2,362* 

SCOTLAMP. 




Western District .... 

84,480 

8,470 

46,314 

Kastem District .... 

436,616 

227,210 

877.108 


642,648 

316,488 

1 

442,086 


BIZXHr. (Bixinh and Bixbimb, vol. i. p. 366.) If the Bixa Ordlana is eiushed 
the red colouring matter of annotto is obtained. From this bixin may be prepared by 
dige^ing the dried alcoholic extract with ether, repeatedly treating the least soluble 
portion with hot ether, dissolving the remainder in alcohol, precipitating the ftlw*holio 
solution with acetate of lead, decomposing the washed precipitate with sulphuretted 
hydrogen, extracting the colouring matter with hot alwhol, and precipitating the 
alcoholic solution with water. 

Dr. Da Vair prepared bixin from the fresh fruit of the Bkea Orellana, It is an 
amc^hons body oz the oolonr of vermilion. — B ollxy and Mxuvs (Bull. Soc. Chim, 

'LAOnH* CMMhXk A^loal is said in Bonth Staffordshire to be * blacked* 
when, hj ite near proximity to an igneous rook it has become so altered as to lose all 
its brigntnese, and nearly, if not quite, all its inflammability. (Juxns's South Stafford- 
akin Coalfidd,) ^ this *hlacked* coal has recently been largely need for raietng steam 
in locomotive engines^ and a large coal proprietor has been burning bis own * olacks 
in his honsehold Area. 

AOK BUimniB. See Duxoiros. 


' Tho Ohsttw^ Oompaiw nfenmed to ttie Miniiiir Beeord Oflloo, 0,881 tom. 

* Woles retomea to Mining Booord Office, OuoU Talon, 6,834 tone; OoppoX, 1,800 tons; 
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aXiAOX XhiTAsr Eldsb, usod in adulterating winea. For their detoe- 

tion, MB Wimis. 

SliA0Xnm« Obanwd oak trood reduced to powder ; it is employed fbr liniiw 
moulds for easting; to resist the penetrating action of the melted iron on the san£ 
Blacking is dusted oyer the surf^ of the mould, pressed down on iU and smoothed 
in the case of green sand castings; but it is mixed with day water for covering 
loam mottldingB. Its inflailSlbability is its essential property as a protector of the 
sand. 

njUiV naWMS sabAa. See Si^, Bhut Fwmace, 

UhMMtmU ST a&BOTXXOXTT. See Elbotbicitt/ot Blasting, 
SUAOSnrO MWMS. (BLnsoBnra, vol. i. p. 862.) J. HnnussHOFr— 
Chamiaal Hem, xxiii.— gives a new method for estimating the available chlorine in 
bleaching powder. It is founded on the fact that when bleaching powder is made to 
act upon an excess of stannous chloride in a strongly acid solution, stannic chloride 
is formed at the expense of the available chlorine in the former. The excess of 
stannous chloride is efterwards estimated by means of a standard solution of diohrom- 
ate of potassium, and deducted from the amount originally employed. Gbabobb — 
Bitwl. polvt. if., coi. — gives the following proces ; — 

To a dilute and strongly acidified solution of ferrous sulphate, the strength of which 
is exactly fixed a -j^th permanganate of potash solution, the bleaching powder is 
added with a pipette, the point of it being placed close to the bottom of the vessel, so 
that the bleaching powder solution forms lower layer of the liquid. The gloss 
stopper is then plac^ in the bottle, which is well rimken, and then allowed to stand 
for some minutes. When a sufficient quantity of ferrous sulphate is used, scarcely any 
smell of chlorine is perceived on opening the bottle. The excess of the ferrous salt is 
now estimated with the ^th perman^nate eolntion, the difference between this and the 
original amount of ferrous salt used representing the weight oxidised by the hypo- 
chlorous acid, from which the available chlorine in the powder is readiiy^caleuluted. 
See also CowpUs Bendua^ Ixxv., and Warm's Dwtwmry of Chemtatry, 


Exporta, 


Bleaching materials 

1874 

1875 

To Russia .... 

„ Germany .... 

„ Holland .... 

„ Belgium .... 

„ United States, Atlantic 
„ „ „ Pacific. 

„ Canada .... 

„ other Countries . 

owts. 

40,193 

120,207 

26,476 

37,843 

857,832 

8,047 

14,544 

89,386 

£ 

20,499 

58,778 

18,844 

19,581 

183,659 

1,051 

7,708 

21,804 

owts. 

53,136 

141,598 

36,500 

40,358 

437,544 

780 

12,242 

69,496 

£ 

21,810 

58,792 

15,098 

23,042 

197,702 

880 

5,761 

29,289 

Total 

638,528 

827.424 

800,789 

351,874 


■ABOIOOUTS. An iron oolite, belonging to the brown Jurassic formation of 
the Alps, In the Canton Glams. It is remmrkable as containing the constituents of sea 
water, apparently proving that mrticles of sea water were mechanically enclosed in the 
mass when it was deposited.-- Battibr, Dmt. Chem, Gaa, Ber. 

SUarBB* (VoL i. p. 397 .) This mineral has been fomid at Unkel in xhombie 
dodecahedrons, sometimes of considerable size, and having their foces thickly covered 
with smaller blende crystals^ all disposed parallel to one another. — ^L abaulx, Jarbaoh 
f, Minaralogia, See Ziiro. 

* a&BVr BB BTOBS/ To preptve this colour, 20 kiloe. of crystalline rosaniline 
are introduced into boilers provided with agitators apd heated in a bath of oil ; from 
4 to 8 kilos, of aniline, and about 10 per cent, of crystallised benaoie arid are then 
added. The whole is heated to lao** 0. 

To jn^ of the progress of the operation, the workman takes out a sample fkora 
time to time, and places it npon a plate beride a samj^lo of the right colour. Alcohol 
is then dropj^ vpon each sample; and, the plate being tnriined, the erionrs of the 
solution can oe ea^y comparaa. 

When the operation is terminated, the mass must be qniricly cooled. The thick 
mass is expelled by pressure of air from the vessel and received into the rat, when it 
is agitated with dilute hydrochloric acid, to remove the excess of aniline. The bine 
remaining insoluble is collected npon filters and washed. It is further purified by 
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■labial Of irlueh dinolTM out kum nd ot riolet impuritiM. — Wum and 

PouuusB. 

MbBV WMlilM,* BJI^ BIm. ^Elia * blen de l^ronii' mirlflad b/ bot aloohol 
and wnmoma. The dyeing ia t^omad in nentnl iiqnora, ain tha blna damloped by 
paaaing t hagood a tbr^h aoiA 

airtMUMBT— r Haartha aimilar to ordinary forgea. Saa Ibon Masimo JHreet 
from tk t Om , 

BMWVm. (VoL i. p. 406.) Saa aoma naefbl blowpipa raaotiona, under iha 
haada of the aaveml matala. Thaaa hare bean ohiafly darirM Arom a paper by Pro- 
faaaor E. Chapicam, Ph., of Univanity Oolkgo, Toronto, publiahad in tha 
PkUoBopkieal Mag(t»in$ for Daoembar 1876. 

BliVaf OOmaB*Sv » prapaiad. according to A. Wdbts, by heating in an 
aoamallad iron pot — 

Aniline, for red 88 parts 

Nitrobensine 17 to 20 „ 

Hydrochloric acid 18 to 22 „ 

Cast-iron turnings 2 „ 

The whole is heated abore 180^ C., and for 6 or 8 hours. The crude product ia 
heated with 6 times its weight of sulphuric acid fbr 4 hours, commencing at a tem- 
perature of 60° C., and Onishing at 90° 0. Twelve kilos, of the crude material give 
about 60 kilos, of the 8ulpho-coi\jugate acid, which ia precipitated by adding 400 
kilos, of water. The blue precipitate is collected upon filters, and wsshed in water. 
It is employed for printing blacks and greys. The blue dye is dissolved in caustic 
soda, dried, and sold in small dry pieces of a blue black colour .— de Plnduetrie 
dee MeUiirw colorantee eurtifioieUeet by A. Wunra. 

• BliUMICHI noSSa* A German term for fine grained pig iron. See Iboh. 

BOWU. (Vol. i. p. 412.) I^e PBOsPKATns, for the solubility of the phoi^hates 
of bone ash in water saturated with carbonic acid. 


BOOTS AITB BBOBS, MAMWAOTOBB OB, BT KAOStnBT.— 

The application of machinery and the sewing machine, to the manufacture of tots 
and shoes, in the varied forms and designs now employ^ in this important and wide- 
spread industry, is of comparatively recent date. It appears to have been in the 
IJ nited States of America that the sewing machine was ariginally invented. It is stated 
that about the year 1886 a Mr. WAi/rnn Hunt, of New York, introduced the lock 
stitch, made by two continuous threads ; but for want of a suitable apparatus for 
securing the neceeaary tension it proved useless. In the year 1841 a machine waa 
inventM by Messrs. Nuwton and Abchibald for tambouring the backs of gloves, and 
in the following year Mr. John GBiBNOuaK, of the United States, patented a machine 
for applying the shoemakerie stitch fiom a single thread by means of the double- 
pointM needle, previously invented, in the yeex 1766, by a German named Wbisbnthal, 
the stitch employed being that known as the simple tacking or chain stitch ; this was 
a step in advance. Again, in the year 1843, anower variety of machine was invented 
and patented by a Mr. Bobtwioh, in which a running stitch was made by the appli- 
cation of two toothed wheels which, working together, crimped the material and pushed 
it against a atationazy needle. Another and a most important advance was made 
when, in the year 1844, Messrs. Fishbh and Gibbons, of Nottingham, invented their 
machine for embroidering, which, by means of a nee^e and shuttle, formed the look 
stitch. This was subsequently adopted Messrs. Gauvaa and Baud, who initiated 
a practical sewing machine. 

In all the early attempts at eonstraoting a sewing machine the great aim of the 
inventors was to imitate os closely as possible the stitches made by tod, in which a 
aii^le needle and thread is used, the needle having the eye at the opposite end to the 
point. Advancing to the year 1848, the machine of Mr. Elias which still 

bears his name, was patsntM in the tlnitod States ; it was, however, in one respect 
defective^ the feed mwon not being continuous. However, in other reqtects the ma- 
chine embodied itil the best principles introduced into sewing machines at that time ; 
indto, it is gsneaaUy togaiued os the parent sewing machine, and is lazgely employed 
in England and fbtei^ countries. 

A few yeScs lator the first really niacticable feed motion was invented by a Mr. 
WiaxiBeHAW : he aubstituted fw the baster plate formerly employed, a wheel with a 
broad xDUgheoed eto protruding slightly above the surface of the work table. The 
material wee held <fowB tightly on wis surfoce bv a pressure plate. The wheel m 
given an innenittent rotatory motion which earned on the material by friction with 
its roughened edge. The next improvement in the feed motion was that known as 
fou 

in the table with a horisoatal and vertical motion. 
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Thii fonr-inotloti feed wa« flntapplied to the Gbotbb and Bakib maditne. It iraa 
an important improvement on the wheel feed, eepeciallp for all purooeee of delicate or 
oriMmental eewing, though the latter anewers sufficiently well tot heavy mannlkc- 
taring pnrpoaM. In the wheel feed the needle works on one aide of the feeding 
surflMe, while in the four-motion feed the needle can operate in iIm centre line of 
that snrfsoe. 

In the Great Eshibition of the year 1861 hut few examples of sewing machines 
wore on view. One introduced by Mr. Chablus Bablow, described as a patent ma- 
chine tot uniting by stitches all kinds of woven goods, and usefhl in making articles 
of wearing apparel. In this machine two distinct stitches were used ; one of which 
apj^rs at the back, and the other at the front of the fabric, so that each stitch formed 
an independent fiistenii^, while the seam thus produced was firm and regular. Another 
machine was also on view, simple in construction and, as des^bed, suited to sewing 
either a circle, curve, or etraight line, at the rate of 600 stitches per minute. In this 
machine two threads wore used, one of which was carried by a shuttle, and the other 
from a reel on the top of the machine, which wae passed through the material by the 
point of the needle, so that when it was withdrawn from the material both threads 
were l^ed t^ether, forming a firm and durable stitch, previously referred to as the 
lock Btitch. ^e Paris Exhibition of the year 1866 brought together a great variety 
of sewing machines, of many of which it is said they were so perfect that little or no 
material advance was at that time made. Subsequently, at the London Exhibition in 
the year 1862 at South Kensington, about fifty machines, embodying different me- 
chanic^ arrangcmento, were shown. At this time in the United States of America, 
according to the published statistics of that country, there were in use no lese tlian 
300,000 sewing u^hines, of which 76,000 were in use in private families. The Pans 
Universal E^ibition of the year 1867 was well represented in sewing machines 
uf various kinds>-87 in all. Of this number France contributed 27 varieties, the 
United States 21, Great Britrin 12, the Principality of Hesse 2, and the D|(>minion of 
Canada 6. 

7%e — ^The principri stitches formed by the sewing machines in use are 

of three kinds : the lock stiten, the double chain stitch, and the single-loop or chain 
stitch. The sin||le-chain stitch has the property of beiug very easily unravelled, 
which for some lands of work, that may 1^ required to be unpicked, is rather an ad- 
vantage ; but of course its use is not so general as that of the lock stitch {Jig. 2218, a). 

The chain stitch is that chie^y used for 
se^ng the soles of boots and shoes. In 
a b c .this heavy leather work a waxed thread, 

stout and strong, and suitably prepared, 
is required, and leather stitching marines 
are generally known as waxed &read ma- 
chines. The stitch is formed in much 
the same manner as the crotchet stitch: 
a needle, with a hook at the point like the 
crotchet needle, is passed through the 
material, the thr 'od placed in the hook ; 
the hook is then withdrawn, carrying a 
loop of the thread through the material 
and through the previously formed loops, 
BO as to interchain the several loops one 
with another {too Jig. 2218, 6). 

The double-chain stitch Is ^rmed with 
two threads. The upper threml is carried 
by an eye-pointed ne^e, which is passed 
through the material as in the lock stitch 
machine, and also through a loop in the 
under thread, presented to it by the looper. 
Tbe looper is of a curved form, having 
two eyes with a groove between them, in 
^ which the thread, supplied from a bobbin 

on the under side of the work table, lies ; and then an open loop is always supplied 
to the needle, which passes on the inside of the head of the looper. During the 
descent of the needle the looper is withdrawn in a circular direction, leaving a loop 
of its thread remad the needle and the loop of the needle thread, which is still tight, 
a^inst the needle. As the needle is withdrawn, this loop, by the friction of the thz^ 
wi^ the material, bulges out, and before the eye of the needle has ascended above the 
point of the looper, the latter letums and passes a loop of the under thread throng 
the needle loop. This stitch (not Jig, 2213, a) is chiefly used in embruidery. Many of 
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tiM fluta oontAined in the foregoing MoerMl eketeh of the sewing maohino are drawn 
from Captain HiCHBrs’s tm Ipparatu 9 for Setting in (ht Pari$ Esckiiuien of 
1867. 

Preparation of the CTopers.— Nearly all are more or less flimiliar with the names 
of tlie diflhrent parts ox a skin of leather, its character, and the general purposes to 
which applied ; take, fbr example, a calf skin, the butts and rihs are the finest and 
best parts of the skin, and most suitable for taking a polish ; the pithy part is that 
running from the tail to the neck, while that pert of the skin in the region of the hip 
is moro pliable and has a great tendency to stretch ; the various parts of the skin are 
known as the butt, belly, nb, shoulder, and neck. The manner of cutting up a skin 
is greatly influenced by its character and quality, honce the importance of the cutter- 
out or * clicker ’ having a thorough knowledge of his craft ; with tiiis knowledge he 
is enabled to select the prime portions 
of a skin for tho fronts of bouts and 


shoes, otherwise known as ‘ vamps ’ — h 



suitable; the experienced clicker is thus enabled to cut up a skin to the greatMt 
possible advantage. Fig, 2214 shows a few examples erf ladies’ 
a Ladies’ straight top button upper with straight toe cap. The ports are known 

as the 1^, button piece, and toe cap. 

6. Ladies’ Victoria Balmoral, with vamp or toe cap, the latter indicated by dotted 
line, and with straight ihoing of white stitching. The parte are the vamp, or cap, 
and leg. 
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c. liAdiM* Fblidi ipring with to« cap. The parte an front and back, with gon in 
which if ioaertad ana aewn elaatio wab. 

22 Id illnatrates a few varieties of men’s uppen. 

d. Balmoral upper, consisting of vamp and quarter, leg, taeing (in which ^jelets 
are inserted), and dotted line showing toe cap if used. 

0 . Side*Bpring upper, consisting of vamp, quarter, front and back part, gon for 
elastic web, and dotted line lowing toe cap if used. 

d. Lace rime upper, consisting of vamp, quarter and facing for eyelet holes. 

s. Spring upper, consisting of vamp, leg, and gore for elastie web. 

Fh, 2216, Bunting upper, consisting of the parts known as leg, tongue, counter 
and back strap. 

niustratioDs of the seve- 
ral varieties of uppers might 
be multiplied to any extent, 
the abov^attems will, how- 
ever, sufficiently illustrate 
their general form. They 
are mMe in endless variety 
of design and substance, 
according to the special pur- 
poses fbr which required, 
from the light pump or 
dancing slipper, to the ele- 
gant dress boot, and the 
more substantial fishing and 
heavy boot of the miner and 
navigator. With the appli- 
cation of machinery the pro- 
cess of preparing '^he various 
parts of the upper and lining 
IS simple and ingenious. The 
shaping of the various parts 
being effected by a series of 
cutters, knives or punches of 
the required form and simi- 
lar to those employed in 
cutting out dough for bis- 
cuits, but varying in form, 
as will be seen in the ex- 
amples given above of the 
several parts of the lining 
and uppers. 

The cutting of tho parts of the upper is generally done by hand, it being desir- 
able to select the best parts of the skin, which, as previously stated, is done by the 
* clicker.’ The linings of boots, however, when the manufseture is carried ont on 
a large scale, is effected in a press, several folds of the required material being 
cut one stroke of the knife. As the sole cutting machine is equally applicable to 
the cutting of the uppers and linings, it will be more convenient to refer to this 
machine when oonridering by-and-by the preparation of the sole leather for the soles 
of boots. 

In some varieties of uppers, both ladies’ and gentlemen’s, the upper is cut in one 
piece ; when this course of manufacture is followed, another step is necessary, namely, 
the shaping and forming of the upper ; this is effected by a blocking marine, of 
which toere are many varieties. The upper is doubled, and the bend for the instep 
given to it by pressure in the direction of a cross, so that a flat piece of leather cut 
to shape is converted into a well-formed upper adapted exactly to the form of the 
foot. 

When the uppers are ent by hand the required patterns are made of stout paper, 
sheet rinc^ or mer material. 

J^tparoHon ofikt uit Uaiher.-^'Sov the moat part eole leather known aa * bntta ’ ia 
of eonaidenble aias and weight, and ii tanned from the thiekeet and atoutast of hidaa. 
This proceas condnetad by the tanner was formerly an operation requlriqg little riiort 
of twelve months ; now*«^ys, however, by a proeees knhwn aa the * vaenum prooeM,' 
the operation ia efibeted within a period of three months, and even six weeks. 

The ‘ butt* is first cat into long strips known as ’ ranges,’ of vaiying width aacoiid- 
ing to the purposes for which required. Fig, 2217 illostiatea a butt ranring, or ipi it 
ia eomeiimee called a goillotine aumhine, the knife some 66 inches long. The machine 
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in dnven by «team, and the neceaaaiy power to out is attained by a multiple 
gearing. On the outer ends of the counter shaft are cranks, these are attawed 


2217 



rert-ical rods, and connected to the sliding head to which the knife is fixed. The 
machine is provided with a wooden bed, and an adjustable gauge to regulate the 
width of the ranges. * 


8 



It io fiporn these strips or ranges that the solos and half soles are subsequently cut, 
forming the next step in the manufacture. In the old system the soles and half scdec 
were marked out on sole leather, and skilfully out by hand; new, howerer, as ia 
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GuttSiig the IMrt* of the uppers ai^i linings, so also io the cutting up of the 

flolee and heel ptecei» a variety of steel cutters or knives are used, and are found to 
ensure great uniformity of pattern. 

The preceding figure (2216) illastrates a press employed for cuttina; sole leather. It 
is provided witn a rising running tray upon which uie cutting boara is secured : upon 
this tray is an arrangement of molined planes, by which the cutting board^ is raised 
from time to time as its upper surface is worn away bv the cutting of the knives ; the 
table is carried by four rollers working on runners, this enables the operator to oi^ust 
his knife upon the sole leather ; the tray is then pushed forward under the sliding 
bead, which descends upon the knifo, effecting the neoessory catting. Fig. 2219 shows 
in outiins the several parts of the sole leather, namely, a the inner sole, b outer 
sole, 0 heel piece, d half clump or half sole, and s heel lift. As in the butt rang- 
ing luoehine me power required is attained by a multiple of gearing, the proas being 
dnven by steam. 
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This machine is also mode available fur the cutting of uppers and linings ; for the 
piirpoee of cutting linings, a siipplomontary tray is added, giving increased length, by 
this arrangement a long longtn of lining material, and of several folds in thickness, 
may be stretched out evenly on the cutting board and extended table for cutting, and 
is not disturbed by each cut of tlie knife, but the whole is carried backwards and 
forwards on the running tray, thus keeping the several folds of linings straight and 
even until the whole is cut up. 

In machines of this description in this country it is the practice to run them 
continuously, the work being withdrawn from its action to enable the operator to 
place his knife. In the United States the practice is difihrent; the action being 
intermittent, that is to say, the operator sets the machine in motion when he is 
ijrepared for a stroke, and when the stroke is mode it stops automatically, nntil 
having placed his knife on the leather as he desires, he again puts it in action. 

TbugMuing and hardining the §oU leather . — ^Formerly the shoemakei^s * lapstone,’ 
familiar to all, was universally employed for this purpose ; by the process of hammer- 
ing, slow and tedious, the sole was toughened and rendered more compact and durable 
in wear. Now, howefver, this toughening and hardening is efficiently attained by 
passing the long strips of sole leather or * ranges ' between rollers under great pressure 
before thc^ are cut up into the various forms of sole and half sole previously referred 
to. The following illustration, Jig. 2220, shows one of the various machines recently 
introdneed ; like others, it is constructed on a stout framework, and may be fixed to 
the floor or not at pleasure ; an adjustment of movable weights on two levers seen 
below increases or oiminishes the pressure, this arrangement prevents the possibility 
of injury to tile rollers, through which the leather, however irregular in suMtance, is 
passed, ^le lower roller is raised or depressed by movable wedges, actuated by a 
shiuft on which is a right and left hand screw, movement being given to it by a hand 
wheel. 

In the old system of toughening ^e sole leather on the lapstone, it was previously 
soaked in water for a considerable time, and in the toughening of the ranges a similar 
course is in some cases adopted, they being soaked in water for twenty-four hours 
before being passed through the pressure rollers, after which they are Uid osidu to 
dry before being cut up into soles, half soles, or middle soles, as required. It may ha 
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obstttred that the cutters or dies of sted, uied in cutting out the solo leather, are 
oommonly oalled * sole knives.' 
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Treparaiwn of the TO/i—The means by which the upper is attached to the sole 
IN by an intermediate strip of leather, known as the * welt.’ To one edge of the welt 
the upper nnd inner sole is sown in tho first place, and then the sole to the outer 
(dgo, the welt thus forming the connection between tho two. The machines in use 
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for cutting welts and rands are various. Ftg, 2221 is one used by the Gjuspin Com- 
rsNT, of Newcastle-under-Lyme. The welts are out by the sharp edge of a rapidly 
Von. IV. I ^ r B r- / 
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revolving disc of stdel^ which iw protected l^jy a guard, the width being regulated by a 
Qiovuble gauge upo^jj^e lahlo. Tins mat hiue is also used for cutting millbands, and 
,y,y likelf to be used for many 

similar purposes. ThS welts 
are next grooved and bevelled 
by a machine employed by 
the same company for this 
purrose. Fia. 2222, which 
18 adaptable, by a change of 
cutters — also of stelrl and 
guide rollers — to channel the 
soles of all kinds of boots; 
by it heel rands are obliquely 
split, pump soles are bevelled 
and feathered — in fact, all 
the necessary cutting of the 
solo material has been * died ’ 
or cut out, is effocthd so expo- 
ditiously and with such arcu- 
rncy, that three of tliuso 
machines, worked by hoys, 
are found to produce work 
equivalent hi the labour of 
twenty experienced workmt n. 

The steel cut tor, e, operates 
upon the sole or other pi.il o- 
rial in course of preparation, 
placed between tlu feed and 
guide wheels i Nnd i' , the 
diivjug hand is brought on 
to the speed pulley by the 
handle, k, and as the work is 
to be done by the feed wlicels 
moving the mutcrial from 
right to loft, the foot pns 
sing on the foot loier, f, 
brings down the top feecl 
uheel, i', and all thit is 
necessary for cutting to any 
suitable contour, is to hold 
the matenal up against the 
stop seen between the feed 
wheels. This machine produces perfectly regiibar work, and requires but little 
practice innts manipulation. 

Another variety of machine, simple in con».tTuction, and introduced by the Btaek 
and Goodyear Company for cutting rands and welts is seen m the annexed jip. 2223. 

2223 setting this machine to cut welts 

and randb, the knife a is adjusted by 
the setting screw h, just sufficient to 
allow the knife c to pass in front of 
tlie knife a against the presser foot, 
d The knife a is adjusted by screws 
above and below the feed rolls. The 
set screw ui the top of the machine 
is to adjust the distance between the 
rolls , that at the liottom, to regulate 
the tension of the spring. 

The pistol rand or welt cutter is 
another simple arrangement for cut- 
ting welts. The instrument consists 
of a stock, similar to that of a pistol, 
with a knife and guide plate, by which 
IS arranged any width of welt or 
rand required. Tt is used by hand, 
and, being applied as desired, cuts the strips with accuracy and rapidity. To equalise 
the welt or rand in thickness by removing any inequalities that may exist, these strips 
of leather are passed throairh another machine, known as a ' chase idiiver,’ under 
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eonsideimbto premure, the knife catling the rand or welt to any subetance the 
premure roller being adjustable to any gauge The mnd Mltrelt la next pressed 
throogh another ma^ne, in which a knife la suitably a^juates to bevel and gruu\e 
the e^^ 

The splitting of the rande ia also effected by the rand and welt cutter {fig 2222) one 
knife cutting Se rand to the width desired the second cutting it obliquely , for this 
purpom the mnd is earned on a gnid^ plate, above which moves a serrated inheel, 
which mrves as a feed motion, holding the rand firmly in position while the knn es 
ot erate in the direction aho^e described In fig 2224 the dotted lines indicate the 
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.illique direition in which the rands aro split These oblique cut pieces are suhae 
qiicntly nsod iii tl e preparation of whit is known to the shoemaker as a ‘ split lift, 
the plict ii'^fligno 1 to whicli in tlio boot being the seat of the heel next the sole , and 
i pjii this 81 lit lift, or lifts used inbuilt any variety ot hi el required The split lift is 
b n dku the lietl suit cunLUve to suit the heel of the foot. 
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Iij the preparation of ^lit litls a small machine » employed known ns a Hand- 
turning m ichiue (A/ 2225) O i the end of the diiviqg spindle is fixed a steel rose 
head witli rudi ting ai gul ir gro \ s and ugainst 
which the rand pnvimsly IimUcI is firmly 2226 

S ressod 1 y a spring 1< i cr and as the spindle w 
n\en the rund is sci/td by the angular grooves 
in the rose head cunul loutid and discharged 
from Uie machine duly formed, as seen in fig 
2220 

In tlie best quality ot work the 1 oel pieces, 

It Lifts are usuall) tut fruii sdo leather 1 ut 
in SOL mdaiy tud lufeiior qualities the top piece 
only the intermediate lifts being cut from leather 
of a different quality 

The Cloewg of the Uppers — The lanous parts 
of the upper, previously described hiving boon 
cucpfully fltt^ and adjusted according to the 
destred pattern and size, the next stop m manu 
facTure is called the ‘closing’ winch consists 
in the sewing or stitching together of the 
V anous parts into one called ' the upp r Prov lous 
to the invention of the sewing micliine this operaticn wis done by hand, in 
uppeibof the highest class, hand labour is still oni^loyod and will always hold its 
own The sewing machims used in this branch of mnnuficture are extremely nu* 
merous and ingenious, and it would 1 o no eu«iy ta^k to make a selection of thorn 

iS 
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j^gessing the greatest merit 
These machines are kno-wn 
\ as upper machines, and when 
|i\ heavy work is sewn, waxed 
M thread machines. A des- 

/ cription of two varieties will 

sutiicieutly illustrate their 
operation. The first {Jig. 
2227) shows the machine 
used bj the Oribpiw Com- 
VA.KT. In this machine ordi- 
nary waxed threads made 
of flax are employed. The 
sewing instrument pierces the 
material to be sewn without 
the thread, and after the first 
thread is seised, the second, 
or shuttle thiraad, is not 
drawn into the material until 
the awl is out of the work, 
and thereby draws sowing 
material mto the hole made 
quite sufficiently to fill the 
hole tightly. Further on, 
when describing the welt and 
sole sewing machines of the 
Crispin Company, the stiteh 
y employed, a combiaation of 

j hook and shuttlo, will be 

f referred to and illustrated. 

Another variety of closing 
machine, that used by the 
Biakk and GkioDYBAR Com- 
pany, known as WHirrK- 
morb’s,’ and using hard wax, 
is seen in jig. 2228, Tlio 
I stitch employed being the 

I single loop or chain stiteh, 

^ hard waxed thread specially 

prepared being used. It is 
used principally for sewing 
uppers of strong boots and 
shoas, and can be worked either by 
foot or steam power. A strikii^ 
feature in this sewing machine is 



its oscillating head, which, when 
ill operation, moves with each 
stitoh made, and the length of the 
stitch. The piercing instrument 
is a straight awl, working in 
unison with a straight barbed 
needle, the awl working in front 
and in advance of the needle 
making the necessary holes for 
the sewing. The awl worko from 
above, ana the needle from below, 
consequently the loop or chain of 
the sewing thread uppoen on the 
back of the work. The bed of the 
machine is easily removed, should 
the nature of the work require it, 
and the adjustment screws are 
conveniently ^ced above the 
table on wbicn the machine is 
fixed. The fbed or etitch motion 
is a combination of awl and bot- 
tom, and is called * awl and 
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bottom’ fe^d motion. This machine 
has been at work for aome years, and 
some 2,600 are now in use in the boot 
and shoe industries in England and 
the United States of America. The for- 
mation of the stitch is precisely the same 
as that employed in the Blakk welt and 
sole stitchi^ machines, and will be more 
fully described later on, when consider- 
ing the sewing arrangements of the sole 
sewing machine of the abovo'mentioned 
Company. In the closing of those uppers 
where elastic web is inserted in the 
gores, another machine of lighter con- 
struction is employed. 

F^. 2220 (p^ 1 17) illustrates a few 
varieties of la!mes' uppers : — 

a. Ladies' Danish spring upper, with 
high vamp and toe cap. 

h. Ladies' Danish imitation button, 
with high ram^ and toe cap. 

c. Ladies’ Danish button upper, with 
high vamp. 

d. Ladies' Victoria button upper, with 
toe cap. 

e. Ivies’ Victoria spring, with high 
vamp and toe cap. 
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f* lAiUes' pfitent * Period shoe/ 'with vump and iinitition toe cap. 

. Ladies’ lace shoe, 'with hiji^h vamp and imifatinn loe cap. 

. L^ies* *Olyde upper/ with ornamental 8titcllitl^^ 

S230 illustrates a few varieties of f'entletnon's uppers, 
a. Oalf imitation lace, with elastic side springs. 
h. Calf military, with elastic side springs. 

. Oal^ Balmoral. 
d. Calf button upper, 
s. Calf open shooting upper, 
f. Jockey upper with top. 

Formerly it was the practice of the slioemaker to cut and prepare the uppers 
required in the course of trade. About the year 1860 it appears tne 'ready closed 
upper’ WHS initiated and comnirnced as a sepirate branch of the hoot and shoe trade, 
and has in late years attained eousiderahle dimensions, so much so, that in one of the 
earliest established firms in London — the Messrs. McCauk, of the City Hoad, who have 
furnished many of the foregoing illustrations— the shoemaker, knowing the size of 
the upper required for his boot, haS a variety of from 1,200 to 1,800 different patterns 
to make a soloetion from. 

7'Ae -One of the most important features connected with the manufacture 
of hoots and shoos, whether by hand or machinery, is that the form of the boot 
or the shoe should have the same, or very nearly the same character, as the fnot 
Itself, and not only the same form, but that all its parts, namoly, tho heel the tne, 
tho bend ol the great toe, thn broad part of the foot, the weist, and the instop, should 
all imvo their true position, and these features are cssontial to comfort and freedom of 
action when it is borne in mind how admirably nature has suited the foot fur balancing 
tliu Ijody ill its various movements. 

A boot or shoo should fit easily, yet smoothly and comfortably, all over the foot, 
around the heel and ankle, as well ns ovit the toe halls and instep. All boota must 
have some wrinkles at the joints , they need not occur of marked size elsewhere, and 
oven there need not be so prominent as they sometimes appear. The lasts being 
carefully fitted and adjusted, a sure fit is secured, saving much discomfort to the 
wearer, and tho avoidance of corns. 

The manufiicture of the last is in itself an important industry, its form and outliiio 
is, however, so well known that description is not necessary ; it will be sufficient to 
observe that lasts were formerly made of wood alone, and by band of late years ma> 
cliinery has been employed in their manufacture similar to that used in making gun 
stocks, and so minutely graduated that an accurate fit is always secured. 

2’4e Lasting of ths Ufpen . — As previously stated, lasts of wood were alone formerly 
employed. With the intro<luction of machinery iron lasts came into use. These 
like the wood lasts, are made in segments, easily put together, and as easily removed 
when the operation of last- 
ing is completed. The closed 2231 

upper is next placed on a 
last of a Huiti lile size, as 
seen in the annexed/^. 2231 
of a machine used by the 
Crispin Company. By the 
aid of this machine the toe is 
perfectly shaped. A regular 
pressure being applied in- 
stead of the uneven palling 
and strotehing by hand, all 
chance of unequal pressure 
on the toe is eliminated. 

Two operatives work this 
machine, and can efiloiently 
last 160 pairs of men’s boots 
in a working dav. whether 
the material be the stoutost cow hide or the lightest English calf. An operative, ov 
the right of the above machine, manipulates the levers and grippers to stretcli tJi. 
boot front the left hand, and block the toe with the right. The second operative, 
on the left ei^ places the insole to the position (he seam must owupy. 

In the ordinary system of lasting a very ol^'ectionable practice is followed, toji 
certain extent unavoidable, and that is, the operator making his month a receptanb 
for the tacks he is using, involving much loss of tacks from time to time by expecto- 
ration on the part of the operator, as well as danger in a sanitary point of view. 
Becently, however, a very ingenious machine has been introduced fy the Blakm 
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•n4 Goodtrau Cumpany previour>ly refeired to, known as 'Tlie Magnetic Tacking 
M»!biue ’ (^. 2232). 

By this ingenious machine the objections above 
mentioned are obviated. The tacks are placed in a 
brass cylinder, in which is a brush that regulates 
them during the revolving, they falling heads up 
into a sliding groove or ‘roadway/ down which they 
move one by one, when at each action of the operator 
the lowest one is taken up by a magnetic hammer 
and driven with on3 blow straight into the upper 
and insole at any place he desires. The machine 
has a universal swivel jack as holder, for the boot 
being lasted, and the tack driving hammer is worked 
by a treadle, thus allowing the operator the free 
use of both hands, enabling him to fit and draw the 
upper over the last, as is done by hand. In lasting 
a boot or shoo a certain amount of judgment is ro- 
quired, the upper varying in character and quality, 
rendering more straining necossary in one direction 
than another. The Tacking machine now referred 
to is manipulated with great r.ipidity, there being 
no loss of timn, the hammer picking up the tacks 
or tingles at pn rate of three in a soconde There is 
no loss of tacks, each one being accounted for by the 
machine. 

This ta<^ing machine, when skilfully worked, can 
tack from 160 to 200 pairs a day, employing two 
operatives — the one to prepare the upperr for the 
last, and the other to do the necessary pulling of the 
upper and tacking hy the magnetic hammer. 

The succeeding stages cf manufacture are— first, 
the preparation of the soles to be secured, and 
subsequently sewn to the ‘ uppers ’ by giving them the 
required bevel and outline ; and secondly, by cutting 
the groove or channel in the sole to receive the 
stitches. The machina known as a rounding m.v 
chine {Jig. 2233), in which the soles are cut and 
shaped, the * ranges ’ of sole leather, previously re> 
f erred to, are passed between two templets seen 
above the bed plate of the machine, the lower one 
being permanently fixed, while the np|wr one is 
attached to the cross head, at each end of which is a side bar having a omled spring 
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to secure the necessazy i^ressure, this being obtained bj the opci^tor placing his foot 
on the lever treadle, bnnging down the upper templet, and holding flrmljr the sole 
while it is being cut and rounded to the desired pattern. 

On the bed plate, and around the templets, travels a carriage, to which is attached 
a knife, with sufficient play room to allow of its cutting the sole in the waist or 
narrow part, giving bevel to edge or square edge. The carringe carrying the knife, 
.traverses the bed plate, the necessary power being derived by suitable wheel gearing 
situated beneath the bed plate, uid put in motion by the power wheel worked by 
hand. The machine will round soles of any desired pattern at the rate of 100 pairs 
per hour. These rounding machines are mure particularly adapted to those establiah- 
nients iu which a great variety of styles and sizes are manufactured ; as they do not 
render necessary the use of costly steel dios and presses. 

The dperaliou following the rounding of the sole's is that in which the groove or 
channel IS qut to receive the stitches— a step requiring uniformity and precision—* 
wfiich is secured by the soles, in>sole and outrsole, being cut by dies or patterns 
previously described, so that they will bt uniform. This will be uuderstood when it 
IS f.tated that the chaiiuelling machine 2284 

always cuts the channel at a uniform 
distance from the edge of the sole . this ^ 
distance is regulated by a gauge, so I 
that broad or narrow channels may be | 
cut to suit the various kinds of ^IU|||^ & 

If the soles are not all cut alike, f 
channel, and consequently the seam, will 
come at diflorent distances from the edge 
of the ‘last,’ causing an imperfect finish _ 
to the bottom of the boot when sewn, r 
The chauntdJing machine now referred to I 
is that of the BLAKuaiid Ooodtk^r Com> I 
pany: it is attached to a work bench ■ 
or counter, with suitable gear motion, 

worked by hand; it consists of a light 2286 

framework some 12 ins. long, m the 
upper part are 2 horizontal spindles ; 
at one end of the upper spindle is fixed 
a feed wheel nutch^ in the circumfe 
rence; beneath and at the end of the 
lower spindle is fixed a brass drum, having a smooth surface, serving as a guide 
wheel. An intermediate lover between the spindles above refexred to, and put in 
motion by the treadle, has the effect of separating the drum from the fe^ wheel, thus 
giving the necessary space for (he insertion of thq sole, of any thickness required. 
The knives are fixed, one vertically to the framing a^ve the brass drum, and the 
other laterally at the side, the former cutting the channel, and the latter feathering 
the edge ot the sole. 

The sole bluing inserted betweei^^e driffii and the feed wheel, the treadle is libe- 
rated, and the sole firmly held in poRion and carried, or rather pushed, against the 
knives by the operator, thus effecting the channelling and feathering, as shown in 
2234. 

a. Shows a sole channelled, and in which the stitches appear ifi a part of the sole 
as sewn by the Bjlaxk sole sewing machine, with enlarged view of stitch. 

h. Shows an inner sole channelled and feathered for the welt sewing machine. 

The sole, having been thus prorared, and moulded by anotiier machine, to the form 
of the foot, is now taken in hand by the laster, who secures it by a few tacks to the 
* upper ’ alrea^ lasted to the in-sole, by au ingenious machine which usea a tack comb 
2286). The machine conaista of a knife and hammer working in uniaon— the 
knife cutting the tack from the comb, while the hammer drives it into the sole, which 
it tacks in the required position. It is thou taken in hand by another operator, who 
opens up the lip of the channel. The last is now removed from the boot, and the work 
is ready for the sewing machine. It is well to observe that at this stage aoleing 
divides itself into two parts— the one heavy and light makes, usually called welting or 
double soles, the other pump or single solee. To sew these varieties expeditiously two 
Jcinds of maohine are employed — the one a * sew round,’ and the other a ' sole eewing * 
machine, which will be Scribed later on. 

For some years past— In ths manufacture of a superior class of work one ymtf 
may be refer^ to, known as the ' Flexura boot ’—steel springe have been used, llie 
spring, in the case of faehionable boot#, imparts to the boot that property of retaining 
its shapely appearance after haring been worn for some time, that it was the object (3 
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the Flejiura to necaru, and which ih held In wjine esteem by Lidy wearere : of tt. 
•pringa thua employed the accompanying eketch 22:10) ia a varisly known aa the 
* GoODYBaa ateel spring.' 



The form of spring is intended to suit the cUM of the waist to right and left boots ; 
i(h place IS between the inner and outer solelPlhe waist of the boot, the flat end of 
the spring being placed well under the heel, and pegged or nailed down through the 
holes into r,he in*sole at the heel only. 

Tht Sewing of the Wetta to the Upper . — The upper being lasted, the next stage in 
the case of welted boots is the sewing of the welts to the upper and in-sole. A variety 
of machines are employed in the shoe trade for this purpose; one or tw«> illustrations 
will show how this is effected. In the welt sewing machine {fig. 2237) appears one 
very similar in construction to the upper and sfde sewing machine of the same Company, 
in which two waxed threads are employed, producing what is known as the * Crispin Tied 


2237 2238 



Stitch,’ which will be fully deecribed when oonsidering the sole sewing madune. One 
of the threads is seen on the spooler below, under the sewing apparatus or hook, the 
other, or shuttle thread, above ; each stitch being tied or locked, the object being to 
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imitttte hand work an closely as }> 08 bible in tho sowing of boots and shoes. Another 
variety of machine, mnnufucturod by die Blakh and Uuooykah CoMPAMr, appears in 
the illustration 2238^. 

The welt macniue consists of a series of grooved cams, actuating a series of vertical 
levers: one of these gives the chain stitch round tho needle; the needle is curved, and 
barbed, and radiating from a centre, which derives its motion from a toothed quadrant. 
Thv awVis actuated in a similar manner, piercing the hole obliquely through the sole, 
and being followed up by tlie needle. Another lever serves as the feed ; on the end 
of this is a pressure foot; this pressure foot works on the ehuunel of the inner sole, 
and also acts as tho guide and feed during the sewing of the wol^ 

The apparatus above described is fixed on a standard frame worked by a treadle, 
and connected to the fly wheel by a rod on one end of the cam shaft, and a counter or 
register on the other end, by which is recorded the number of stitches made by tho 
machine, and by which tlio manufacturer can check tho amount of work done by tlie 
operative. 

At tho back of the machine and near the top is a spooler, -upon which is rolled 
specially prepared waxed thread, which is carried over a series of pulleys to the looper, 
tbo necoHsary tcusiou being given to one of the above pulleys by a coiled spring pros 
sing against it, and regulating it by a small hand wheel. The tension on the thread 
in the machine is equal to a strain varying from about 12 to 16 lb., and in its passage 
from tlie spooler to the looper is kept in a soft and pliable condition by a jet of gas 
burning inside the standard of the lu^^ine. In the front of the machine is seen a 
rest or jack, upon which the last is pll^, with the boot or shoe upon it, having a 
BWivrl motion, enabling the oper.iLor to bring it in contact with the sowing apparatus 

«v!'viv» . 

It only remains to add that the work lusted for this machine is now done by band, 
the inner sole being chaiinullud and sewn to the upper and welt, alter which it is 
returned to the laster, who removes tho tingles or pegs which secured the upper to 
tho inner sole and last : the outer sole, having been duly channelled and tacked on. Is 
now ready for another machine, to bo subsequently referred to, namely, the stitching 
machine. The channel in the outer sole, it should be stated, is nut required to be 
deeper than in hand sewn work. 

Tlie Semnpof the Safe to the Upper . — The earliest adaptation of the sewing machine 
to the stitching of tire soles to tho uppers whs the invention of Mr. Lyman R. Blank 
of Abingdon, Massachusetts, U.S.. and was patented and introduced into this country 
in tho year 1859. Tho method relates to that part of the manufacture of boots and 
shoes wherein the solos are sewn or united to tho vamps or uppers, and is thus referred 
to : — Hitherto the vamps and soles of those boots and shoes which are stitched have 
been united by sewing with the hand, a welt being sewn to the vamp or inner sole; 
then by stitching (also by hand) the outer sole to this well, or the vamp and outer sole 
have been directly stitched together without the medium of a welt : other methods, 
slightly varied from these, have also been adopted. All these metliods, however, 
are carried out by the direct and intermediate action of tlie hand, and all of thorn 
necessitate drawing the ends the whole length of the unused thread through the 
materials united at each successive ^tch, w^hich process renders necessary frequent 

2230 




waxing of the thread, and coosequent waste of time. In this invention of Mr. L. Kt 
Blake, a sewing maohlae was first substituted for hand labour; the mechanism 
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emplojod in effectiiis this consists of an apparatus, which operates with a hook or 
erotchk needle, wbicn pierces the inner and outer soles and vamps from without the 
boot or shoe (the last being removed), and unites the said parts by a seam formed by 
interlacing loops of the same thread, without drawing the end or ends, and the unused 
length of the thread, through the ports every time a stitch is formed, as in the case 
with hand sewing. The sole mav be channelled upon the outside, so that in sewing 
the chain or interlocking of the loops is drawn into the groove, which covers it from 
sight, while the plain side of the seam comes within the shoe against the foot, the 
sewing being of the description which is usually known as the chain or tambour stitch. 
Fig. 2239 a represents a shoe made, and embodying Mr. Lticav R. Biakb’s invention 
i.f the year 1850, as it appears after the sole a has been sewn to the vamp 6, and the 
channel closed over the stitching, as represented at the side of the figure. In fig, 
2230 B the inner sole is represent^ by c, the lining by the dotted line, and the channel 
by d. Fig. 2239 c shows a vertical longitudinal section through the seam, showing 
the stitches. 

Previously a system had been introduced by a French inventor by which boots and 
shoes were produced at a cheap rate, the soles being secured to the uppers by brass 
screws : the machine for this purpose was very ingenious, but its cost, slow work, and 
complicated character operated against its being generally adopted : eventually brass 
and iron nails were substituted for screws, and lasts made of cast iron were employed, 
BO os to turn the points of the nails. Boots and shoes made on this system came t6 
be known in the trade as ' rivet ted Iroots* ; and, owing to the low price at which they 
could be sold, — which was due in a great meaitiro to the employment of boys and un- 
skilled labour in their manufacture— a large trade arose in these goods; and to a great 
extent they superseded the welt sewn boots, which require labour of a more skilled 
and expensive character for their production. The defects of rivettod boots in time 
became apparent. The rigidity of the metal screws and nails destroyed tbe elasticity 
of the boot, and caused discomfort and sometimes pain in walking. The umUnual 
pressure of the foot and the wearing away of the leather forced the screws and nails 
inwards, so that thev soon protruded on the inside of the sole, wore holes in the 
stockings, and injured the feet. 

From this period, when Mr. Ltham R. Blakb, in 1869, initiated the manufacturo 
of boots and shoes by machinery, considerable progress has been made and great 

S erfection secured. It is not. however, practicable, in the limits of this article, to 
escribe in detail the numerous inventions contributing to this successful development. 

2240 



Advancing to the year 1863, it appears that Messi’s. Kjbats took out their first 
patents in this indust^, their object being, to use their own words, ' to secare with 
two threads, capable of being used when waxed with ehoemaktt's wax, seams which 
could not be mode enfflciently solid by the ordinaiy eewieg machine, which does not 
admit of the use of shoemaker’s wax.’ In the second place they desired to manu- 
facture by machinery welt-sewn boots which should be equal in quality to tho best 
hand-sewn boots, and at a price approaching that of rivetted boots. The stitch em- 
ployed by the Messrs. Kbats is known os ins * Orispin Tied ytitoh,’ and is a combina- 
tion of hook and shuttle, as shown in^. 2240. The sewing hook is indicated by a. 
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ihe abuttla bj 6, and the thread pinion by e. The advantagee of this arrangement 
are etaied to be twofold : first, the thread, not having to pass through an eye, can be 
thoroughly saturated with the wax, which is neither squeesed out nor scraped off by 
the barb ; and secondly, as the hooh in descending has no thread in it while piercing 
the leather, the hole made is no larger than the sise of the hook, and a thicker thread 
can be used so as to fill the hole with thread and wax. Thus the leather is pierced 
by a steel instrument as in hand work, without the necessity of carrying a thrsM with 
it, when .the double thread is subsequently put through the hole, the space is entirely 
filled up again, and by the tendency of the displaced particles of leatiier to regain 
their position's same solidity is secured as in hand work. The hook draws up, ns 
it ascends after piercing, the thread supplied by an intermittent thread guide from 
the bobbin below, and the shuttle above introduces into tlie loop thus formed the 
upper thread, while the hook is freed from thread bv the lateral motion of the feeder, 
and is driven down again to pierce another hole and draw up another stitch from the 
.ower thread. A partial turn of the under thread guide produces a twist in the stitch, 
the thread employed being specially prepared, and known as a cable-laid thread, 
possessing considerable strengtn and tenacity. The thread is waxed, the wax being 
kept warm by jets of gas, eo that no rigidity interposes to prevent a proper tightening 
ot the stitches. 

In the next step of mannfaeture, as adopted in the works of Messrs. Kuats— the 
welts having 1>een stitched to the uppers —is a stage called 'shanking,' 'filling,' 
' rounding,’ and 'placing.* These several operations are effected by a 'contour ma- 
chine,' which is shown in the annexed 2241. Here a set of steel plates, cut out 
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to the contour of any shaped boot as required after the in-seam is sewn, are bent to 
( he contour of the last on which the boot is beiiu made, and are hinged at the heel, 
the joint of the hinge being a role ^'oint. One side of the plates open out sideways 
by this lateral movement. There le room left for the boot to be inserted heel fore- 
most, and with the sole uppermost ; the boot is then secured to its position by the 
lever and screw, 8, and the toe is held" by a block corresponding with the toe block 
of the lasting machine. This block is lorced up to its position by the screw, t, and 
the boot is then held so that the operator on the left hand can fill in the shank and 
space of bottom between the welt seams, so that the proper work of preparing strictly 
to the contour r^uired is easily effected. The next operation is to place on the 
middle sole. This is done by an operator iu the centre, alter which the sole is placed 
on and tacked ready for stitching, which is done by an operator on the right hand. 
In all those operations with the contour machine female taboor is employed. The 
boot is now removed, and is ready for stitching the sole on, as shown at k and n'. 
The next step is slitting the soles above deaenbed to the welts. This is effected by 
the same firm by a marine called the 'Heavy Sole Sewing Machine,’ Jiff. 2242, the 
constrnciion of which is very similar to others previously described, in which the 
Crispin tied stitch is employed ; its construction, however, is of a much more sub* 
stantial character, firom the heavier nature of the work which it executes. Soles 
newly an inch thi^, of miners’ and navigators' boots, are perforated with the obtest 
fadlity,^ the stitching being executed with much regularity and precisiox. This ma- 
chine, like others of the same Company, is put in motion by slight pressure upon a 
treadle, which works an ingenious niction-clutch with very good effect.. 

The boot thus made and above described presents a somewhat distorted appearance, 
owing to the sole stitching having pulled away the welt from the upper. A powerfiil 
press {f^. 2243) is now brought into requisition, by which the sole is squeesed into 
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Bhape^and the boot ie adapted more aocurately to the form of the last. P*!”” 

3 nrftiiainff heels into shape. It has on the under-aide of its tabfo a piston tea 

A 1 BA m Aim ted that after the heels are pressed into suitable form and Bub- 
* fVi ilia AF mAuld uifia 2243), by pressing on the foot lever the false die or 
S?s aT^; Lie to the ijquieite form, is UlW 

bottom 18 ana r“ gevan inches deep, in a block of cast iron, the 

SL J^tht mouW having different bevels or inclines suited to different forms of 
heels. The lower face of the heel is determined as to the shape bj^the blocks, whio i 



..a hald in the dies by I he screw, n. These blocks are shown on the loft hand, on the 
Hble of the pL. The blocks on the right represent the different foms of pljnger^ 
Md it will be^een by the lower end of plunger, o. that a convex surface is left eo as 

carried out by the Messrs. Kbats, 

thus descrilied. A little paring and finishing, including the addition of 
process iins &c for heavy lioots. which are smoothed bv Bkbshmtos emerpr 

nails, iron heels, tips, &c. tor n^vy work-bench (Jfo. 2244) is 

rJd^tiVdMl these^ finishing operations. This is an apparatus tor hold^ the 
employed to a d in these nnifining j~ ghoemaker formerly held the boot ou 

;;;r ™e .ure-nTot^the cmdl, for the loot to reel in. and w.th hola for Ih. 
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iron heel peg; the lower one, which by its upper flange is screwed to the table, and 

curries the bxnekets at its lower end to hold the lever and stirrup on one side, and the 

tack on the other. As the stirrup 2243 

is held by a swivel joint, it Will be 

seen the boot can be turned to any 

angle being seourely held by 

the stirrup. This bench has been 

found nuns condui^e to the health 

of the shoem^r wan anything as I I 

yet introducMHs aid to the trade V Q 

since boots hdTh been made on the I |I||X 

flictory system, and the work is held \ 

witli such flminess, that it is per* m ^ 

fectly easy for girls to do work that ■ |H H 

was formerly cuusidered only fit for ■ 

lK>ots have been chiefly relerred to ■ 

\n maMuiacturo by the Crispin D)M* I 0 V I 

^A^'Y , overy variety of foot coveriug ■ _ 

iH however, manufiiotured in the I 

Mame works, from light pump sole 
slippers— winch are sewn at tlie 

complcUly sewn in 20 miniiteh. 

Tlio Mossrs. Keats and Ciarkh, I 

(/jjMi'ANY, have recently socurod a 

year 1803; it appears, however, 
from the statement of facts made 

before the Judicial Committee of (be Privy Council, that the invention was one 

of great public utility, costing them years of arduous labour, as well as heavy 

expenditure to secure perfeu- 2244 

tion ; further, thiit as in other 

coses its introduction was the 

cause of violent opposition on 

the part of the work-people, «\ 

owing to certain tools being 

8uper8ede<l by it. One of the «1 

invoDturs, Mr Keats, was . 

stoned through the village, 

remove his factory. The pa- 

tontoes fui’ther coiitondcd that 

the invention was at long^^h ■■ \ 

likely to become remunerative 

to them, that hitherto it hod 

yielded no adequate profit, and 

that upon a prolongation of I 

the term a French and Amcri- ^ 1 

can patent also depended. On HI H / I I 

these grounds, their Lordships ||il 1 

of the Privy Council granted F/l I 

an extension of the patent for i LI 1 \ 

Already the process of ma- \ \ \ 

Dufacturo carried out by the \ \ 

CaiapiN CoMPAMY has been fol- ^ B \ 
lowed through its various 
stages; other processes in the ^^Bd— ^ 

xnanuflicture of shoes by ma* 

chinery are employed, possessing various degrees of excellence: it is not possible, how- 
ever, in such a wide-spread industry and within the limits of an article to describe all 
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the ^rietiee of i&aehinei employed. Thtf ^stem of manufacture, however, as carried 
out the machinery of ^ the Blau; and Goodtrau Boot and Shoe MACHuniaT Cum> 
PAirr, eo complete in all its details, and which has already beHh followed to the iHiUng 
of the upper oy the magnetic taoldng machine, and the tacking on of the sole, pre- 
viously bevelled and channelled, and ready for the tewing machine, that it it desir- 
able to follow the lubs^uent branches of manufacture in the order in which they occur. 
The sole sewing machine of the above-named Company is now brought into requisition. 
The annexed figures (2246 and 2246) exhibit a front and side view^of this machine. 

Upon the movable arm or 
horn, which hfip a lateral cir- 
cular motion, is teen the boot, 
placed in position to be sewn, 
and on the top of the spindle 
which carries this horn, and 
on which it revolves, is a 
drum or spool, on which is 
coiled sufficient waxed thread, 
siutably prepared, for sewing 
160 pairs of hoots. A coiled 
spring regulates the tension 
of the thread, which, on a 
certain kind of heavy work, is 
equal to 30 lb. ; while a self- 
acting throw, with which the 
machine is provided, has the 
effect of making the stitch 
alike with equal tension, 
whether the sole is thin in the 
waist or thick in thiT fore part 
of the boot. The waxed thread 
is kept in a pliable condition 
while the sewing is in progress 
by a small jet of gas eontainod 
in a chamber within the horn, 
in which is areceptaelo through 
which the gas passes — for- 
merly a spirit laum was used 
fur the purpose, in the tip of 
the horn is a small wheel 
called the * whirl ’ ; in this is a 
thread hole, through which the 
thread passes from the spooler 
under a small guide wheel 
through the horn to the tip, 
ready to bo taken up by the 
hook of the sewing apparatus 
above. 

'I'he stitch employed is 
the single chain or loop stitch, seen in outline with the sewing apparatus in 
./^. 2247. 

To the right of the needle or sewing hook, and between it and the feed point, is an 
ingenious contrivance — a ‘cast off’ — working in connection with the needle, with which 
it moves downwards until it touches the surface of the leather, and rests there while 
the needle goes down and takes the tluead in the whirl at the tip of the horn, and 
comes up through the sole. During the descent of the needle through the centre of 
the ' whirl ’ already referred to, the ' whirl ' makes a partial revolution, carrying the 
thread with it, the effect of which is to throw the thread into the barb of the needle. 
Again, while the needle is completing its downward stroke, the ‘cast oiT has a motion 
imparted to it which allows it to cover the hook of the needle during its upward 
motion, after leaving the surface of the leather. 

The other parts of the sewing apparatus are the feeder and pressure foot ; the 
former, in its downward motion to enter the leather, slides in contact with the pressure 
foot, and as the feeder always feeds to the same point, at its extreme feeding move- 
ment the len^h of the stitch will be determined by the pressure foot, which to lengthen 
the stitch wHl be moved from the needle, and viot oersd. The feeder works in the 
channel of the sole, guiding its movement forward daring the operation of sewing, 
while the pressure foot bolds the work firmly in position. 



BOOTS ilTD taOBB 129 

III all thcie opMmtioBB, to enaun good aeiniig^ all tha atapa appartaiidog to pieparing 
tile ahoe Ar aewing ia i^diapeaaable. One of the moat important is tha ohmelliDg 

2S46 



of tho soles The channel 
should be cut far enough from 
the ed^ of tho sole, to allow 
room ID tho too of the shoe 
for the tip of the horn to 
enter, and not bind the shoe 
in sewing round the toe, and 
the groove taken ont for the 
loop of the stitch just enough 
to receive it, and not have 
the stitches show through 
the surface of the sole when 
finished. 

It is also important 
the out-sole be properly placed 
on the shoe m lutiiig, and 
aecurely held in position, be- 
cause as the shoe on the horn 
IS fed by the feed point act- 
on the uppet surface of 
the channel, if the out-sole is 
not firmly held to the indole 
Md upper, the out-aole will 
be pushed by the feed point 
in the direction that the feeder 
•cte ; and when the ahoe is 

VoL. IV. 
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Mwn. the sole will not oome under the ahoe, but project further on the side towaxda 
which the feeder acted in feeding. 

In concluding these remarka in reference to the sewing of the soles, it may be men* 
tioned that it ia next to impossible for the most careless workman to make a mistake 
in sewing off the line of g^re or channel ; but it is easily remedied abould such a 
mistake arise, by at once pulling out the waxed thread before it cools; and even in the 
most caroftil sewing, should the thread bre^ the stitching may be continued, as the 
wax holds the thre^ firmly in position as it cools, and experience shows that it does 
not in any way impair the stability or durability of the boot in wear. 

The capacity of producing sewn boots by this sole sewing machine will be understood 
by the well ascertained fact that a sldlfnl machinist will sew upwards of 300 pairs per 
day of 9 hours, at the rate of 8 dozen pairs per hour. 

The use of this machine is very general at home and abroad, some 2,300 being in 
constant operation during the past year, sowing an aggregate total of 100,000,000 
pairs of boots and shoes. The French Government employ it largely in the manufac- 
ture of shoes for the navy. The Austrian Government h^ 26 in operation, making 
bools for the army, while our own War Department gave out contracts in the year 
1876 for 60,000 pairs, increased to 260,000 pairs during the past and present year, 
for the army and militia. For many years post the boots for the departments of the 
Post Office, and the Metropolitan Police, have been sewn by these machines, and it 
appears that during the Franco-German War a contract was entered into to produce 
60,000 pairs of shoos in 60 days, which was duly fulfilled. 

The original Blake sole sowing machine was introduced into the United Kingdom 
about the year 1860 or 1861 ; at that time it was a tillable machine, with a fixed or 
stationary horn : the nresont machine with its revolving horn was introduced in the 
year 1864 (since whicn date many important improvements have been made), and is 
still in action in the establishment of the Messrs. PococK Brothshs in the Southwark 
Bridge Road, London, with two others working side by side, and actuated by steam 
power. 
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The rapid development of the above named sole sewing machine, in the manufaetnre 
of lioots and shoos may be gathered from the following figures: — In the year 1802 the 
total number of pairs of boots and shoes sewn by the Biakb machine was 300,000, 
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lip to itt Be6n aboYO, is inserted in the channel, which it keeps open while the awl 
makes a hole in advance of the needle, through which the stitch is carried bj 
the needle : the piercer or awl makiag the hole for the needle comes fbom above ; 
and the needle comes from below in place of from above, as in the sole sewing 
machine. 

The last is retained in the boot while the sewing is being eflfooted, the stitch having 
a diagonal direction in regard to upper and sole. Afbw the boot is sewn it is returned 
to ahape, having been lasted as previously stated inside out. This machine sews a 
lady’s pump boot round in half a minute using from 70 to 100 stitches. On this 
machine, as on others, an indicator is afHud, by which the number of stitohes made 
are duly registered. 

Sole JRoUmg , — The boot being sewn and the channel rubbed down, it is now 
taken to the sole rolling machine 2250), by which under great pressure any irre 
gularities in the surface are nibbed out . 

and tlie leather hardened. The operation 


IB effected in the following manner : The 
boot is placed on a wood or iron last. 
Axed securolyon an adjustable jack and 
locked by a ratchet motion. This swing 
jack has a transverse motion worked 
oy a lever seen on the right, enabling 
the operator to ai^just the boot to the 
required position under the roller, an- 
other lover appearing on the left with 
nn intermitting motion secured by fric 
tion pullies moves the boot backwards 
and forward under the pressure roller. 
This arrangement enables the operator 
to roll any part of the solo and re- 



move any irregularities occurring on the surface, the pressure being increased as 
required. The machine is generally run by steam power, and is in its action 
equally applicable to the soles of n vetted or pegged work, while the breaking of 
the stitches, which froMeutly happens lu the old system of hammering the soles, is 
avoided. 

The jmvions operations described show the various stages of manufacture through 
whidi Me boot has passed to the sewing on of the sole and the tacking on cd the heel* 
piece ; this is saeeecded by the preparation and affixing of the heel. The heel is made up 
of a series oi pieces of leather cut to various siees and called * lifts,’ as seen in outline in 
fig. 2261 : boys arrange these liHs and drive a single nail through the whole to keep 
them in place, while the subsequent operation of pricking tho holes to receive the 
nails is effected. 

The heel priekii^ machine is now brought into requisition (see fiff, 2262). 

The rough heel is next adjusted to a plate the size of the top piece of the heel. 
This plate contains a number of holes, through which a corresponding number of awls 
are driven into the beel . tho awls are either straight or curvea, acco^ng to the ftKmi 
of tho heel pierced. The holes made in the heel go completely through, and in these 
holes thus made are inserted nails of sufficient length to pass through the heel and 
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jK)le of th€ boot to be subeequently clenched on the inside of the boot against the 
iron last. Gonsiderable piessore is requi^ in this operation, the rough formed heel 
being £rmly secured in a mould, into which is driven the awls from above through 
the top pijpce previously referred to. 

The heels are now taken to a heeling machine, the nails are placed in the holes 
already prepared and secured there by a templet corresponding to the sise of the top 
piece.. To this templet is acljusted a number of drivers to act upon the nails when 
- the fiking of the heel to the sole 
takes place. 2203 

The boot upon which the heel ^ ^ 

IS to be fixed is secured in posi- 

iron lost affixed to the pressure 
arm, whioh appears above.^ The 

inside tlie boot ^a^inst iron I j 

put the knife in motiw, as above 

the^edgM of soles ^ 

earning the lasted boot traverses the bed plate in a manner similar to that of the 
iwnnding machine previously described. The edge of the bed plate 
red and worked by a pinion put in motion by tbo handle seen bMlow, having 
- of bringing the edge of the sole round to the cutting instrument. The 
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knife may be set to cut any variety of sole, eingle, doable, or clump. By the mo>e> 
ment of the treadle, motion ie imparted to the anife^ which ie brought down to the 
ed^ of the sole and there kept while the necessary cutting or paring is effec^, the 
tension required b^iog secured by coiled springs. 'I'he arm ,eanyiug th^i^knife is bo 
contrived, that any variety of knife may be inserted to suit the wo^ t^ machine is 
paring. 

Heel Bumiekin ^. — Formerly the finish given to the hed was effected by the 
shoemnker using a composition known as ‘ heel ball.* This was melted by the aid of 
a tallow candle and well rubbed over the heel, after which the application of a hot 
iron gave the desired finish and polish. In 2266 appears a machine employed for 
this purpose. 
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The boot is seen firmly fixed against a plate or templet of the same sise and form 
as the top piece of the heel to be burnished. This plate is let into a slot made for its 
reoeption in the arm against whibh the heel is pressed, the object of this templet or 
heel plate being to protect the top piece of heel from ii\jury or disfigurement 
during the operation of burnishing. To the jack holding the boot is attached a rod 
with a lever and spring. This arrangement when pressed forces the boot into position 
and the heel is brought into contact with the burnisher which appears above. In the 
end of the burnishing iron is a ^eptacle, in which is armng^ a jet of gae. This is 
kq)t burning during the working of the machine, the object being to maintain the 
necessary temperature in the burnishing iron. To the bnmiiAer is adjusted a springt 
which admits of its moving over the heel with regularity. The movement of the 
burnisher is semi-circular, from left to right and vice sersa, the motion being oom- 
municated by a xaeik and pinion, connect^ with an eccentric Cam attached to the 
driving spindle. 

The m^ine ehove describ^ is worked by steam, and attended tol^a boy, who oan 
burnish from forty to fifty pairs of heels in the course of an hour. Ink being used to 
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l^Uick the heel instead of ‘heel ball,' the ink when dry and ironed, as above described, 
produces a durable gloss. Ihe only remaining stage of manufacture required, irre- 
spective of the final ornamentation and hand papering of the solely is cutting a dean 
face on thefkle of the heel next the uraist of the boot. A knife is here used called a 
* breasting knif^’jmd so a^ndted in its upright frame that it is regulated to cut through 
the lifts to the wmst of the boot, giving the end of the heel a dean face. * Oare must 
be taken in using the brSasting luifo, otherwise, if urged too far, the waist of the 
'boot may bo disfigured. 
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Eyeletting . — As in other branches of shoe manu- 
facturo formerly done by hand, so in the inser- 
tion of eyelets ni those varieties of boots in which 
luces are used to secure the shoeif or boots to the 
feet, the eyelets wore inserted, and by a buit- 
uble pincers clenched and sot firmly in petition. 

Various machines have been used of late years for 
the insertion of the eyelets, simple in construction and effective in operation, in all 
however, it was necessary that the operator should place the eyelet on the nipple, 
subsequently clenching it on the leather. 

The annexed fig. (2266) illustrates a self-feeding eyelet machine. In construction 
It is not unlike the magnetic tacking machine, inasmuch as the eyelets (a gross or 
more) are put into a hopper seen at the top of the machine, the eyelets being carried 
down a sliung channel or * roadway ’ on the right, to the setting instrument in front of 
the operator. This consists of a receiving nipple, upon which is delivered an eyelet. 
Another nipple seen above, and upon which is placed the * closed upper,’ previously 
punched wiu eyelet holes to receive the eyelets. The machine is actuated by a treadle, 
and the action is as follows : The lower nipple with the eyelet upon it is raised, forcing 
the eyelet through the hole in the closed upper above, and there cleziching it. During 
this operation a cranked motion, attached to the side of the machine, withdraws the 
slide or roadway until the eyelet is clenched, when it returns to its former position 
and delivers another evelut on the receiving nipple. The slide, or ' roadway,’ through 
which the eyelets are delivered to the receiving nipple, is so arranged, by screws fixed 
in slotted holes, that it can be adjusted to any sixe of eyelet required. 

In connection with this eyelet machine is used a self-feeding punch, which punches 
the neoesBozy holes of the size desired to receive the eyelets. 

Serving the Button Holes . — In those description of boots and shoes in which buttons 
are used as a means of fastening the boot or shoe to the foot, it is desirable to 
strengthen the leather, or other material in which the holes an xnade to receive the 
buttons ; this is done by sewing around the edge of of the hole. 

Some eewing machinee have speciid arrangements adapted to produce this sewing. 
The machine sueoted for illustration is that of the Ambhicah Burroir Holk and SnwiifO 
Marauni CoicpaNV, ^mbining severul other useful applications, such as hemming, 
braiding, cording, quilting, Ac. F^. 2267 represents the upper part of the maohiiie 
fox sewing. 

Two tluwods are used : one supplied from the spool pin u, on the top of which iaa 
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light weight. The eeoond or nnder thread ie supplied from a epool, which, with ifs 
tenaion, if arranged upon a spool poet attached to the under part of the bkl of the 
machine o {/b, 2267). The diet thread passee through a hole in the tension wheel ir, 
through the thiead guide o (in the direction from you), through the hole in the end 
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of the take up p, and again through tho guide o (in the direction towards you), and 
then through the eye of the needle. 

The second thread is supplied through an under needle, which is moved by the 
central cam l {Jig. 2267). In making the stitch, this needle rises above the bed of tihe 
machine, and deliverB a loop over the edge of the material on which the hole is being 
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worked. A third red supplies the bar thread, which is threaded through the needle 
plate, and paaees around ue edge of the button hole. Over this thread ue * pearl ' of 
the stitch is thrown, giving a flush finish to the button hole. 

In sewing the material is placed beneath the needle, always entering the needle as 
far as possilble in the materid before lowering the presser foot ; the machine is now 
put in motion ; tnmin^ the wheel from you the material is gently guided: but not 
pulled, as it wow likdy involve the bretking of the needle, and p^uee irregular 
sewing. 

The machine is self-feeding, and it is only neoesssiy the operator should guide the 
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tx) be seinni. Before removipg the ffotk, ■ufBcient ilAck thread ia drawn from 
the npper spool to prevent bending or springing the needle. 

To cMDM the machine from plain sewing to a button hole machine, a re^armngement 
of the sewing apparatus takes place. ^ 

Fig. 2268 represents the under part of the machine, arrang^ for making button 
holes, and for over seaming. The shuttle is removed by nressing back the latch, a. 
and the .’button plate placed in position above, the needle threaded through the upper 
eye, and the hea^ weight on the upper spool m {Jig. 2267) .The presser foot usea fur 
button hole work is one having the greatest curve. Without entering into minute 
details, the following are the general arrangements : — 

The spool is placed on pin Q, so that the small end will enter the spool : upon this 
a spring is placed and screwed by a nut, to regulate the tension, and a second nut 
securing the first. The machine is now adjusted ; the screw z is loosened, and the 
roller on thelooperarm k is bronght opposite to the unit o on looped cam l; thelooper 
arm x is pushed up as far os poFsib e, and the screw x tightened ; all is now ready for 
working. For button hole work a slower speed is desirable than for ordinary sewing, 
the helt is therefore placed on 

the outer groove of the driving "" 

wheel {fig. 2259). 

Fig. 2269 shows a section of j[pj ■^'Tt i / ^ 

the machine os arranged when I | | li| i 1 I 

commencing to make a button | , H j U I 

hole, and side W side a button | I I m I IV | 

hole complete. The hole is here |l I M / 

as cut with the cutter; it I I H I 

is next placed around the guide | I 1 bTI t _ J 

on tile throat plate, the right side ^ I 
of the material being next to the \ 

plate ; the needle is now lowered /) \ 

until the point enters the ma- \ H \// \ 

tenal, when the presser foot is ' 

lower^, and the sewing proceeds. 
lu working the round of the hole, 
the material is turned steadily, 
and with slightly increased mo- 

tion given by the hand to pro- Nv 

vent the stitches crowding. The 

sewing should always be com- 

nicnc^ at the end of the hole 

opposito the round. The tension 

on the undor spool for button 

holing and over seaming may be as light os possible when cotton thread is used , 
when silk, a little stronger, and varied according to tlie thickness of tho material ; 
while in over seaming the upper tension necessary is loss than that required in 
button hole sewing. 

The button hole being finished, the presser foot is raised while the neetllo is in tho 
material ; the needle is then raised to its highest point, a small portion of the thread 
being drawn from the upper snool ; the material u then drawn towards the operator, 
care being taken that it should not catch tho point of the needle. 

%elet nole work le also sown by the above described arrangement ; it is nocussarv, 
however, to lengthen the stitch for this kind of sewing, and allow tho feed to turn the 
matenal : eyelet holee for sewing should be pierced or punched, and not cut. 
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ot* oCbar oiateiiaL. AnoUier method ie now in Yeiy general uee— the arrangementf 
will be flee in Jiff, 2260 and ib known as HaAioir'fl Patent Button Fastener. The io* 
•trumentifl • ham tool, and About the same eieo and weight as shoe makers’ pinperfl, 
A^fmall metal staple, seen to the left, and having three legs, is the fetstener Jiy i^ch 
the button is secuM to the boot. H * 

The shank of the button receives the longest leg of the staple^ whiclf,4>eing^daly , 
inserted, is put into the slot in the upjMr jaw of the pliers, a small spring latch keeping 
both Ataple and button in position. The work upon which the button is to be set m 
placed between the jaws of tlie pliers, and resting on the lower one ; the handlee are 
then Jessed firmly together , by this action the len of the staple are forced through 
the material, and, coming in oonlMct with the loww jaw, ore clenched on the under 
side. The grooves in the lower jaw give the legs of the staple a uniform direction 
when clenched, as soon in tho skotch to the right of the above figure. 

Sr ■» 
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Hitherto attention had been directed in the mauufaothre of shoes to the sewing of 
stitching of the soles to the uppers. Other methods are empU^ed, namely, riveuiig. 
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ud pe^'ng by lerdVra and pegs. One or two iUustzmUons will show how tide sytteai 
of 'boot soloing is geiUlB^y oaifted ont. 

8Stfl is a boot soloing machine indented by Mr. Htantx EnBXJUMiii df Olnclt, 
stadt,*in Germany, and in use to a limited extent in tliis country. The maddne wip, 
put jfut^ soles on ' pegged ' boots at the rate of one sole per minute when workM 
by ona,mao„^d probably at a much more rapid rate if it were driren by power. In 
this work it makes the hole% makes the peM, and drives the pegs into the holes, 
either in one row or in two * zigsagged,* as luav^ requir^. The general character 
isticaof the machine will be understood from the illustrations above. 

The machine stands about seven feet high to the top, and<ocoupies about (me square 
yard of floor area. 

* The boot to be soled is fltted on a last, and has the outer sole * sprigged ’ on to the 
inner sole with a few small sprigs or tacks. The position of the boot with the last 
Vithiil it on ^he machine is shoim in the engraving. By the aid of a raUhet wheel 
at the end, the slide carrying the last can be made to advance the distance between 
each peg at each stroke of the machine, while, by the aid of the two bodies shown, 
the bout may be moved by the operator, so that the curve of the sole will be brought 
under the awl and the hammer. Fiff. 1 is a general view in pmpective ; Jig. 2 
IS a front view, showing the awl and hammer in detail ; Jig, 3 is a plan of the 
driving shaft and cam ; while 4 shows the arranjement for cutting oflT the pegs, 
and the hammer above in position ready to drive one home. The action of the ma- 
chine IS os follows : The shoe or boot, sole upwards, and containing the last, is fastened 
on a slide, which can be moved horizontally to and fro. It is then brought under the 
point of an awl, a, which, after making a hole in the sole, is immediately raised up. 

A gutter with a vertical channel {fig, 4) contains the peg, and leads it just over 
the hjle made by the awl, and a hammer, c, coming from above, passes the channel 
and drives the peg into the sole, whereu(K)n the hammer is again raised up. The bool 
or shoe is then advanced the distance of a peg, the channel again returns, the awl 
makes another hole, and gives way to the gutter with a new peg, which is driven in 
os before. A bar of flat iron, with a groove made in the whole length of it, of the 
same breadth as the length of the pegs to be cut, traverses firom right to leflb in a 
dovetailing guide moving up and down m a dovetail. The horieoniid motion of the 
b.ir is produced by a slide, when it pulls a pin, catching in the slit of it, to and fro. 
The vertical motion is produced when the bar is moved up and down with the dove^ 
tailing guide. On the under side of the bar is a box of plate iron, in which are placed 
thin strips of hard wood of the same thickness as the pegs required to bo made, and 
as bruad as the latter are to be long. In these strips of wood the grain runs trans- 
versely, so that they can be easily cut into the size of the required pegs. Each strip 
IS planed or sharpened at the e^, so that the pegs have a flat-edged point. The end 
of one of these strips is shown in fig. 4 at n. 

The strips of wood are forced into a curved position by a screw working into a 
groove, and pressed against the groove in the bar 1^ a spring and punch. They are 
then conveyed one by one between two wheels, one strip taking the place of another 
directly that other has been passed through the groove by the wheels. The curved 
position of the strips and their elasticity make them enter the wheels one after 
another. The larger of the two wheels is turned by a lever, ratchet wheel, and 
spring, so that it passes the strip to the left until it comes in contact with the holder. 
The whole transporting mechanism is mounted on the bar and follows its motion. At 
each motion to the left the lever touches a pin and bends a spring. Near the end of 
the bar is a knif^ n {Jig, 4), moved by a lever not shown. This knife makil 
Btr^e for stroke with the awl and hammer, cutting a peg or splinter off the wqgfden 
strip or ribbon at each stroke. As soon as the peg is cut from the striprit is moved 
forward to W the hole made by the awl, and the motion of the lever being repeated 
at each motion of the bar to the right hand, the spring is always bent and ready to 
push the strip of wood forward. The peg bring now in the channel before mentioned, 
is pushed by the hammer pin, c, through the imnnel, and driven into the hole mode 
by the awl. ^ 

The guiding rod of the awl supports a lever, and has on its upper end a button 
seiang on the lower end^ of the spnng, whilst the iMper end bears against a catch, 
which, if smwed down, increases uie power of the spnng, r. ^ 4 

The motiem of tihe hammer is effoctra in the same way aa,riiat of the a^l, vis., by 
cam a|^ spring, ^ding and lever rods, and a catch to^bend the spring. 

Nothing can be more heautiftil than the action of this maoiiine. The awl first 
makes a hole, and then retires out of the way. The bar ivith the peg, d, then comes 
forward and holds the peg exactly over the hrie. The hammer pin, c, then deBcende 
and drives the peg home, returning, ita place is taken by the awl, whidi punchee • 
hole ; and so the worl||{>roceed8. 
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The wood employed for the pegs is of so hard and tough a nature that it shows 
no tendency to soften or oven to wear down until the surrounding leather itself is 
worn away. This pegging machine, as previously stated, is but little used in England, 
it is, however, more extensively emplc^ed on the Continent, and in Prussia appears 
to he used in the manufacture of boots for the army. ^ 

Other machines, of which there are a few varieties, might be referred tb. However, 
the general principles vary bnt little, and the Euhuianh machine fitirly illustrates 
the system of manufacture by wooden pegs. 

In the manufacture of boots for the seafaring population pegging is more fre- 
quently employed than sewing, and the work endures so long as the boots are kept 
well saturated. 

The importance and extent of the boot and shoe^rade in Groat Britain will appear 
in the following figures, deduced from the Census returns and furnished by Dr. W. 
Faan, F.R.S., of the General Rogister Office, Somerset House, from which it will be 
seen that tho total number of persons employed, as enumerated in the Census uf the 
year 1861, was 279,460 of all ages, compared with 248,747 Ju the year 1871i when 
the last census was taken. 

Of the persons employed in the year 1861 there were 288,000 males and 41,461 
females, the numbers in 1871 being 221,626 males and 27,121 females. In addition 
to the above numbers it appears that a large proportion of shoemakers' wives fre- 
quently assisted thoir husbands in their business, uumliering 90,970 in the year 1861, 
against 103,840 in the year 1871. These last figures are altogether supplemefitary, 
but serve to show the extent uf labour engaged in tho manufacture. 

In the annexed statement appears the total number of persons engaged in the boot 
and shoe trade in the following towns in the year 1861, including nil ages, and dis- 
tinguishing males from females : — 


Towns 

MoIor 

Females 

^ ' 
To^al 

Under SO 
years 

90 yean and 
upwards 

Under 20 
years 

20 years and 
upwards 

Under 20 
years 

20 years and 
upwards 

Stafford 

Leicester 

Northampton 

Wellingborough 

Norwich 

Leeds . I 

London . 

462 
634 
1,080 
not ritn’d 
672 
426 
4,690 

1,264 

1,362 

3,426 

1,986 

2,480 

2,262 

28,891 

348 
362 
1,037 
not rotu’d 
471 
147 
1,814 

387 

492 

707 

379 

1,020 

428 

7,405 

800 

86 

2,126 
not rotn’d 
1,143 
673 
6,401 

1,661 

1,854 

1,1.33 

2.364 

4,100 

2 O'lO 
36,296 


In the returns fur tlio same towns for the year 1871 ere included malts and females 
of twenty years of age and upwards only, as appearing in the following, the fignrts 
lor Wellingborough and London alone including all ages. 


Towns 

Maks 

Females 

Rhot'miilvorH’ 

wives 

3'utal 

Rtiififord 

Leicester 

I^rthampton .... 
Wellingwuugh 

^Norwich 

Leeds . . . . 

’London 

^ - 

1.607 

3 714 
1,641 

2 210 
2,740 
2.720 
30,914 

278 

1,389 

852 

658 

817 

888 

4,699 

007 

1.977 

2,8o0 

1,479 

1,656 

1,886 

6,103 

6,493 

2.777 

3,667 

8.lff8 

86,618 


^c4||;nreB in the osia^ ' shoemakers’ wives ' represent the number who frequeutly 
look p^ in their husbandiMb^ness in excess of the above total. 

In England and Wales ni taS year 1861 there were 250,681 Imot and shoe makers, 
npmber there 86,687 males, and 10,811 females, under twenty years of 
agC| iM|d!,44^,636 male* mljM, 047 females, of twenty years of age and upwards. 
Against Ik ^|otal of 223,865 il|Be year 1871, of which nu^er 26,107 were males and 
8,489 females, under th* age df twenty years, and 171,368 males and 17,461 females, 
of twenty years of SM and upwards. 

The exhibition of leather work, andbf the machinery connected with boot and shoe 
manufreture, held in Hortharopton in the year 1878, brought together a most in- 
UresUog collection, not only, of the rough, curried, and fagfg leather, but highly- 







BOOTS AND SHOES U1 

Bnulked examples of the shoemak^* bkill in sewing, including boots, shoes, and closed 
uppers, together With sewing and shoe machinerj, and the various tools emj^oyed. 
Since that date considerable advance has been made in the adaptation and application 
of machinery to all brandies of the shoe trade ; indeed, there is scarcely another 
industry, of the many abounding in the kingdom, in which machinery has been applied 
with more success. 

Shoe manufacture is widely diflhsed throughout the land ; in many towns, however, 
it has attained great dimensions, and has become the principal trade therein. In the 
following towns, which may be regarded as the more important centres of the trade, 
the class and character of the work there manufactured is of the following description. 
For example, Stafford, and Nantwich, in Cheshire, has the reputation of making 
ladies’ best work ; Leicester, ladies’ medium and various qualities ; Northampton and 
surrounding towns, men’s befit wprk; Wellingborough, to a large extent boot and 
shoe uppers and leggings ; Norwich, ladies’ and children’s work, the latter principally ; 
J^eds, heaiy, substantial work, and of late, army boots are toki^.the place of much 
of the ordinary work. Again at Buahdon, Higham Ferrers, Iwunds, near Throp- 
stone, and Irthlingbornugh, army boots are especially manufactured; Kettering, 
also, in Northamptonshire, is the seat of a large trade of men’s boots of medium 
quality ; NnsUd, of recent years, has attained much importance as a seat of industry for 
thu inanufactiiru of men’s, women’s, and children’s boots and shoos of medium quality. 

Scotland, though nchly endowed hy nature in her mineral resources of coal and iron, 
has not loxt sight of tlioso other industries which contribute to progress. Glasgow, 
It may be slated, is the centre of a very important industry of men’s and women’s 
work of medium quality , Mnvbole, in Ayrshire, of men's heavy quality, and the same 
may be and of Linlithgow, m addition to army lioots. 

In Loudon all varieties and qualities of boots and shoes are manufactured, including 
machiiiu and hand sewn. In all the best varieties of work, namely, booU made to 
order, and known as the bespoke trade, the work is sewn by hand, and is of superior 
quality, from the excellence of the materials and the high class of labour employed. 
Kstablisbnicnts engaged in the production of this class of work abound in the west 
end of London, and the display of highly finished and artistic skill there exhibited 
shows the extent of the industry. London also abounds in numerous well arrabgsd 
and admirably constructed works in which machinery is employed, with all the recent 
improvomt nts, economising labour and securing increased production. In London 
and its surrounding districts it may be mentioned that the boot and shoe trade com 
prises upwards of 3,000 master boot and shoemakers. In concluding it only remains 
to append the official returns gathered from the annual statements published for trade 
and navigation, showing, since the ^ear 1862, the ezporta and valua of boots and 
shoos of all kinds, followed by the imports and value in each year sinoe 1871, and 
succeeded by the details of the exports in 1875, showing the countries receiving the 
same, together with the details of the quantities import into the Unit^ Kingdom 
and value in each of the years 1874 and 1875. 


Expobtb. 

Boots and shoos of all kinds manufactured in the United ^Kingdom and exported 
therefrom in each year since 1862 : — 


Tostb 

Qaantlties 

Value 


Doien pslra 

£ 

1862 

447,979 

1,«S7,S60 " 

1863 

370,774 

1,405,819 

1864 

404,135 

♦ 1,484,421 

1865 

439,288 

1,462,105 

1866 

295.801 

968,888 

1867 


_ 95&804 

1868 

1869 

489,265 

436,329 

1IIB9L606 

i|f^526,792 

1870 

872.599 

U4».428 

1871 

506,928 

579,130 

♦'n, 695, 248 

1872 

1873 

527,694 

1,707,686 

1874 

410,114 

1,874,802 

1875 

462,840 * 

1417.267 

1876 

441,682 ^ 

1,408,466 
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Imports. 

Boots and shoes of all kinds — the manufacture of foreign ooimtries imported into 
the United Kingdom in each year since 1871 : — • 


Yean 

Quantities 

Value 

1871 

Doien pain 
44,229 

‘ £ 

138,394 

1872 

46,139 

161,218 

1873 

40,304 

44.742 

146,731 

1874 

153,870 

1875 

84.733 

240,000 

1876 

109,906 

328,540 


in the years 1874 and 1875 were received from the following countries: 


Ooimtries 

Quantities 

Value 


1874 

1870 

1874 

1870 

Germany 

Holland 

France 

Other countries .... 

Dozen pairs 
6,222 
3,922 
29,940 
4,658 

Dozen pain 
9,940 
3,320 
67,274 
4,199 

£ 

25,891 

17,676 

96,414 

13,990 

£ 

34.471 

14,181 

180,464 

10,884 

Totals .... 

44.742 

84,733 

153,870 

240,000 


The Exporti in the year 1876 were received by the following countries . — 


Countries to whloh exported 

Quantities 

Value 

* 

Dozen pain 
4,070 

£ 

13,241 

15.899 

Foreign West Indies 

5,092 

Central America 

3,804 

16,911 

United States and Colombia 

2,843 

11,030 


8,821 

28,897 

Chill 

7,006 

20,003 

Brasil 

37,720 

141,791 


6,210 

11,171 

Argentine Republic 

84,014 

101,029 

Channel Ihlands . . 

5,214 

22,918 

British Possessions in South Africa .... 

94,153 

314,683 

British India : Bombay and Scinde .... 

5,823 

21,500 

„ Bengal and Burmah .... 

2,658 

11,297 


185,688 

7.124 

603,261 

British North America 

26,378 

British West India Islands and British Guiana . 

28,758 

88.789 

Other countries . . . ^ 

22,747 

69,881 

^otal eiporte in 1875 

462,840 

1,517,267 


R. M. 


^BOOT Am ammm IftLmikirZVO MAOSm. in connection with the 
article pn the maohineiiy ns^ for boot and shoe making, it appears desirable to show 
how mnC^ inMnnity hu been employed in cleaning the boot. 

Two inaehues have been patented : one of these is the Invention of Mr. SomfiLL, 
of Leeds, who has designed a machine about the sise of a small lathe or an ordinary 
sewing machine, and has contrived to impart to the brush the backward and forward 
movement which seems to be absohiijely necessary to produce a polish on leather. A 
horisontal sliding shaft runs in bearings on the frame of the machine, a worm wheel 
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in OM of th^ bpanngt noting an ' food ’ for rerolTing the boot, which in held firmly on 
nn expanding lost. A rocking bar carries an arm to which the brush is attaoheA and 
is so StJbeA that the brash lever can rise or fall according to the inequalities of the 
enrfiMe of the boot. The driving shaft carries a worm for turning the feed, a fly 
wheel, a crank, and cams Ibr giving the brush the backward and forward motion. The 
boot being secured on the last, and the brush adjusted to the proper distance, an ordinal^ 
tnnk handle is turned, and the polishing proceeds to a satisfai^ry termination. This 
machine ohly poliehes the boot What is wanted is a machine into which a dirty and 
probably muddy boot can be placed and cleaned and polished merel^jr by turning a 
handle or by setting' thw machine in motion. Sucn a machine ie promised by 
the specification of a patent obtained by Mr. W. H. Emrr, of Blaokfriars Boad, fpr 
an invention which relates to improvements in machinery or apparatns for cleaning 
and polishing boots and shoes, whereby the dirt is cleaned off, the blai^ng put on, 
and the boots or shoes polished at one operation. For this puroose a pair of brushes 
have a straight reciprocal motion imparted to them ; also a side action, allowing the 
brushes to take any angle to suit the shape of the boot or shoe to be cleaned. There 
)6 also an arrangement for contracting or expanding the distance betureen the pairs of 
brushes, and a revolving platform on which the boot or shoe is fastened, together with 
HTi arrangement for conve 3 ring the ne^'essaty quantity of blacking to the boot or shoe. 
A snitaldu frame of wood or metal is arranged with bearings to carry a shaft, having 
t wo ur more crtiiiks w th rods attached, extending to blocks having the brushes hinged 
to thorn, with springe on the back of the brushes, arranged to keep a continuous 
]troHsure in whatever position the brushes are in. The slides carrying the blocks in 
which the brushes are attached work on rods on which they are cau^ to slide bv 
means of a cam arranged at the lower part of the machine, levers being attached which 
expand or contract the spece between the brushee. The boot or shoe is put upon a 
suitablo last, winch rests upon a platform running upon centres, the lower centre under 
the platform, the upper centre on the top of the last being kept in its place by suitable 
springs or levers, the platform and last revolving on their centres driven by cog wheels 
connected to mam shaft. For convoying the blacking to tlie boot or shoe, a suitably 
shaped bottle of blacking is fixed to the bottom of the machine, in the centre between 
and just below tho brushes. Inserted in the bottle is a round piece of wood of suitable 
diameter, and long enough to reach from bottom of bottle to the top of the case in 
which the machine is enclosed, and working through suitable bearings, with a knob 
attached on top. The lower part of tlie piece of wood that goes into me blacking has 
a coarse screw thread cut in it to hold the blacking when withdrawn firom the bottle. 
When the blacking is to be put on tho boot the knob is pulled up, tli% brushes then 
come in contact with tho f nd of the piece of wood, and a tbw turns of the handle of the 
machine thoroughly blackens the boot, the knob falling to its place on witbdlfiwing 
the hand. A few more turns of the machino and the boot is polished. The boot or 
shoe to be cleaned, and all the machinoiy being perfectly enclosed, there is no escape 
of dirt, tho three operations— namely, brushing off the dirt, putting on the blacking, 
and polishing — being all completed in a few revolutions of the machine. 

BOZXiBM. On the principle affecting the prevention of smoke in the firing of 
boilers. See Smoke, Prevention of. ■* 

BOBAOZTB, (Vol. i. p. 431.) See also Bonacio Acid. Has lately been ob- 
tained from the residues of chloride of potassium in crystals of three varieties. 
Th^ contain boric acid and magnesia, with small quantities of ferrous oxide and 
chlorine. 

90MAJL, its Jetton on Fsrmstitation. Pastbvr showed that borax coagulates 
yeast, prevents the inversion of sugar, stops the action of diastase, and pewlyses 
synaptase. 

M. J. B. ScHHHTZLSB made a full examination of the action of the borate of 
on easily fermentable substances. 

In a concentrated solution of borax, the protoplAmic movements in the oellw of 
JSMea Canadensis were gradually arrested, and the cell contents aggloaerated in 
masses containing granules of chlorophyle 'f 

The protoplasm of Fauckeria was similarly coagulated^ 

Grapes attacked by Oidiwn li^ken, when immen^ jPIkter, showed a 
movement, as well as protoplasmic currents. When immened in a solution of borax 
the fungus was killed* but tne molecular movements continued. Grapes placed iif* a 
concentrated solution of borax in closed vessels were not fermented in two fean and 
four months. 

Inftisoria, Rotifbra, and Entomostraca had their movement arrested in solutione of 
borax* and the sareode of the infhsoria was epntraeted and coagulated. 

Currants in a borax solution were not fermented* but, with access of air* mucor was 
developed without fermentation. 
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A patient, wj^eu there was a considerable furmatton of sugar in the urine, took 20 
grune of borax each day for a fortnight. During this period the sugar could not be 
doteoted by the copper test, but the borate of sc^ disturbed the stomach to such an 
axtent that he wa|i obliged to abandon its use. 

The antiseptiV properties of borax are claiming attention. 

Wash milk mixed with a little borax remained fresh for three months. 

Mutton and beef were kept for several months by being powdered with borax. 

J. B. SoHMBTELBB, Comptes Ixxx. 

M. Banoiir states that fresh meat, corked up in a bottle filled with a saturated 
solution of borax, was found fresh 5^ days There were no traces of any living 

organisms. Meat similarly treated with river water was found to give off the 
ammoniacal odour of decomposing animal matter, and the liquid was full of baoteria, 

Comptea Rmdua^ Ixxxii. 

BOXXirOi (Vol. i. p 434.) Since the publication of the article on boring in 
Volume i., a few machines have been introduced which have, each of them, some 
points to recommend them. Amongst others, Macdbbmott'b Patent Bock and Coal 
Perforators must be named. The accompanying wood engraving will sufficiently show 
the general character of this rock perforator 2262). 

This type of Patent Perforator is suitable for almost all kinds of drilling in rocks 
and shales. Tt can be fixed and unfixed almost instantaneously, and is at once ready 
for work. The automatic feed renders it adaptable to almost eve^ variety of ma- 
terial ; whilst for drift work, for ripping down roofs, or blowing up floors, its capacity 
of ready aih'ustment to any angle or position of hole, and the ease with which it can 
be carried from place to pl^o, have made it, when the men have once got accustomed 
to its use, an indispensable adjunct to colliery work. When the hole has been bored, 
the drill, with the stuff in it, can be instantaneously withdrawn, without turning 
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in the hole. This is a most important advantage, as it prevents the possibility of 
slogring. 

This, which is cal^^ed the * Grip ’ Standard, can lie fixed, without apy frame ox other 
adjunct* to any face of rock, horixontal or otherwise. Two iron legs, pivoted eo as to 
form a St. Andrew’s Crqas, are fitted at their upper ends with a screw, capable of 
forcing them asunder. %e lower ends, or feet, roing fitted into a couple of holes 
hewn in the rock vffiich it is desired to pierce, are firmly fixed there by the action of 
the screw. A third limb steadies the f^me, and takes the back-thrust of the boring 
tool ; while upon the horisontal tube in which the connecting screw worlu is clamped 
thejwrforating mechanism. {Fig. 2203.) 

Tne mode of operating is as follows ; — Out two nicks roughly in the material to be 
bored, and insert therein the points of the St. Andrew's Gross, and, if nsoessaiy, make 
a thiid nick for the back-stay bar. Then turn the nut on the screw until a sqfficient 
pressure is brought to bear on the sides of the nicks to render the standard rigi<l Md 
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flx»d in pontion. Aiijutt the eerow and anger to the required dirootion and poeition, 
and clamp them. • 

2268 



Injs t>pe of perforator ts eapccially adapted for open quarry work, as the etandnid 
cm be fixol lodcpendontly on any face, whether it be boneontal, vertical, or at an 
angle . and it requires no frame or other adjunct wbatsueior. 

The illuatratiun fig, 2264, represents 
the Rock Borer of Messrs. Ull4tho(ine «io4j 


and Co , called by them the * Champion,’ 
mounted on an adjustable tnpod staud, 
suitable for sinking shafte, or for quar- 
rying purposes. 

The * Champion ’ Rock Borer is said 
to penetrate the h irdest roik. It works 
wi! h steadiness, and can be driven at 
great speed if required with perfect 
safety. The rate of progress varies from 
8 inches to 16 inches per minute, ac 
cording to the diameter of the hole, the 
natuin of the rock, the siss of the 
mwliine, and the pressure of the motii e 
fluid. It will bore perfectly round holes 
in any direction, and the drill clears 
itself as it progresses. The piston rod 
carrying the steel drill is caused to 
partially rotate on each backward stroke, 
and M allowed to travel without turning 
on the forwud stroke, by an arrange- 
ment which is simple, and Urhich causes 
legulMity of rotation. 

This rook borer is wound forward as 
the drill penetrates the rock, either 
•^J«p»*t*cally or by hand at option. 

^ Tw same machine may be used for 
w open work, and, if 
**^?^*^ specially eonstracted to 

VoL. IV. 
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bore holes of upwaidi of 8 ft. deep without change of drill. It may alao be used for 
submarine work. 

The illustmtioo {fif. 2266) represents two of these rock borers mounted on a complete 
and a4justable camege, specUlIj designed for driving levels. It will Ije noticed that by 
means of the molhble arms on the carriage, and the universal clamps on the arms, 
the rock borers may be directed and 6zed to bore at any point, and in any direction, 
to suit the wants of the miner, so that much time may be saved by boring a nnml«r 
of holes, without moving the carriage, after it is once secured in position. To the 
back of the carriage is fixed a convenient tool-box, and a pressure gauge is provided, 
BO that the precise pressure of air driving the rook borers may always bo known. 
A snmll jet of water at a high pressure is directed into the holes as they are being 
bored. 
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The rock borers possess the great advantage ol being able to be worked with n rcrj 
low pressure of air, and a pressure of only 36 lb to the square inch will enable them 
to bore a IJ-inch hole with great rapidity. They weigh only cwt. each, and are 
short and handy. Each rock borer is provided with a perfect self-acting feed (readily 
put in or out of gear), which causes it to lie steadily wound forward in its jacket 
accurately in proportion as Uie steel drill penetrates the rock, without dependence on 
the skill of the attendant. By means of this automatic feed much greater spend is 
attained, and it allows the attendant to give a gimnral supervision to the machines 
and carriage, and to see that everything is working properly, wliich he could not do 
satisft^torily if he had to be winding forward iiy hand. Anyone who has practically 
worked a rock borer with a perfect automatic food will appreciate its great advantage. 
The rotation of the steel drill also is automatic, so that perfectly round holes are 
ensured, and tiiere is no undue wear on the steel. Oonsidering the completeness in 
all the details of the rook borers, they are wonderfully compact and simple, and being 
specially oonstmeted with a view to durability, there is little danger of breakage or 
derangement, while the wear is reduced to a minimum. 

The rock trarers are driven by air, compressed by an air compressor, conveyed into 
the workings in wronght^ron pipes. The air compressor may he compactly mounted 
on one bed plate, with either a steam-engine or a water-pressure engine, or it may be 
driven by an indeoeiideni engine, water-wheel, or turbine. Where a considerable head 
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of water ia obtainablei a combined water-preeaue ongine and air-oompreaeur is a moat 
ooDTenient and economical way of aeennng the neateet advantage from the water. 
The air compreaeors supplied with the * Champion^ Bock-Borere are epecially deeigned 
ao as to be as simple as possible, and are without any oomplioated or delicate adjust- 
ments ; the air-pumps are surrounded by water-jackets, and a smgU spray of water 
is taken in at each stroke, so 

that the compressed air may be 2266 

kfpt cool. 

This borer may be mounted 
on an improved stretcher bar, 
as shown in Jiff. 2266. This bar 
(which may bo constructed of 
any required size) has an exten- 
sion screw to vary its length, 
and to secure it fimly in posi- 
tion. The machine can be moved 
nncl clamped to any part of the 
The stretcher wir is the 
simplest, firmest, and best sup- 
|)orb for sinking small shafts, 
and being portable, it is admir- 
ai)ly adapted fur driving levels, 
headings, &e. Jt may be used 
hxed either vertically between 
tiip roof and floor, or hurizon- 
t lily between the sides of the 
level Modifications of the 
stretcher bar may be made ac- 
cording to requirement. 

Thu following desenption of the deep boring apparatus in the IlaBelgebirg is given 
by A. Aik(}i<’r (Oeif. ZeiUvhnft fur Berg und ffutteniiue»en, No. 18, 1874J:— . 

Exploration by means of sliafi^ Los the advantage of affording visible inspection of 
the strata, liy first making trials with hand-borers the danger of meeting with 
water may be avoided, although this method is exMnsive and demands time. The 
proper speed ean only bo attained with a free-falling* boring instrument; but the 
nature of the Haselgcbirg, and the entire non-apponranee of water, led to a modifi- 
cation which may bo of service in carrying out similar undertakings. The boring 
rod is fixed to the lever by the usual adjusting screw. The boring bar has a diameter 
of I of a foot, and is in convenient lengths screwed together. The lower portion 
cr)U6i8t« of a KiNii's boring instrument, as improved by Wiaoh, and of a cotter 
weighing 60 lb, with side blades cutting to 10 inches aiameter, the weight of the 
lower r^ being cwt. (4 centner). The results proved it to 1^ well s^pted for 
boring in the Haselgebirg The side of the boro hole is not iqjnred by blows from 
the rod, nor duos it require to bo supported by tubes while it is dry and truly 
cylindrical, the dinmoter— 10 inches— not being observably diminished. 

The results obtained with the apparatus for cleaning ont the boro hole were not Bf 
Batisfacto] 7 . Revolving scoops were employed for the purpose. At a length of Ih 
feet (12 klafiber) the torsion of the scoop rod and the excessive friction rendered 
further proceedings impossible, as the boring rod made nearly a whole revolution at 
the turning pointy before the scoop began to work, and the only remedy thought of 
was the introduction of water or brine. But this did not answer for various reasons, 
chiefly because it interfered with the pixiper examination of the various strata. To 
continue the diy boring an apparatus was specially designed 1^ Fb. RBrrmraAOian. 
which proved successful, for not only was the bore hole easily kept clean, but the 
quantity of work done by the borer was increased. This cleaning-out apparatus is of 
two designs. 

Zn one it consists of an exterior forked vcrtic il frame, to the lower ends of which 
sre attached two cylindrical metal tubes, open at top and at the bottom, brased 
together. At the upper end of the frame there is a round hole, in which the upper 
®*f®ttlar portion of a toothed rock works up and down. I^mewhat lower tbon the 
middle of the frame a horisontal eross-bor is bolted to it, through which work two 
spindles, at the upper end of each of which is fitted a bevel wheel, and at their lower 
ends each has a stw lifting screw, provided underneath with a cutting edge. These 
screws revolve at the level of the TOttom of the tubes. Just above the cross-bar 
lovolves a horizontal spindle, to each end of which is fixed a spar pinion gearing into 
we bevel wheel just mentioned. In the middle of the spindle is a spur wheel, worked 
by a toothed rack — a catch and pawl arrangement only permitting it to revolve in 
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one direction. The upper circular portion of the toothed rack and forked frame are 
‘Weighted to 16 lb., to nve the necessary downward pressure to the scooping appa- 
ratus. At the upper circular end of the toothed rack, working up and down in the 
frante as before mentioned, is attached a ring for the rope used for raining and lower- 
inff the scoop appwatus. 

The second design consists of a similar exterior frame, to the lower ends of which 
is attadied a sheet metal casing, open at the top and bottom, while at the top of the 
frame (as in the first method) a hole permits of the up-and-down movement of a rod. 
An interior frame, of the same shape as the exterior frame, is attached to the rod, 
flttinff closely to, and working within, the exterior frame. To the upper end of the 
rod, (UMve the exterior frame, is fixed, as in the first, case, an iron ring, to which is 
fastened the rope for raising and lowering the apparatus. At the lower part of the 
sheet metal case are two movable doors or sliding pieces, pressed down by a lead 
weight fixed to the interior frame. Either of these clearing-ont machines is raised 
and lowered by a small windlass, havi^ mechanism for changing the position of the 
jib, and fitted with a break. The boring rod is frimished with an indicator, as the 
cleaning-out machine can only be let down on the two vacant or open sides of the 
boring apparatus. 

The manipulation is as follows : — Whilst the men working the machinery are rest- 
ing, the cleaning-out apparatus is got ready to extract the dibris. This, in the case 
of the second design, is done by drawing the interior frame upwards by the ring, 
forcing at the same time the tfip of the exterior frame downwards, until the top of 
the former meets the under edge of the latter, in which position the sheet metal 
case is open underneath. The scoop apparatus is then lowered to within one 
foot of the bottom, and allowed to fall freely; upon which the d^trig enters the 
casinp;, the morahle feathers close underneath, and the apparatus is raised and 
emptied. 

The same process is gone through in using the first apparatus, only with the dif- 
ference that instead of the movable feathers or slides, the rotating screw ^tvees the 
dibria upwards. 

So far as experience goes, this scoop apparatus is available to a depth of 218 feet 
(36 klaffcer). ^e following table shows the difi'erence of efiTect between the old plan 
for a depth o*' from 0 to 76 ft. (0 to 12 klafter), when its further employment becomes 
impossible, and the new syst.em, which worked from 76 to 187 ft. (12 to 30 klafter), 
it Doing borne in mind that impediments increase with the depth : — 


Depth In Vienna 
Klafter 

(6'S2 ft. Bngliflh) 

8 hour 
HpoUs 

Mon 

Blown 

Holghtn lifted 
inZoIl. 

Dencrlptlon of 
ground bored 

Number 

0 to 10 

1,078 

8 

26,000 

12 

Salt, clay, and 

10 „ 20 

840 

8 and 0 

24,000 

12 

gypsum 

20 „ 30 

760 

0 and 10 

22,000 

12 

1 


It is possible that with increase of depth the bending of the boring rod may render 
it di^ult to introduce the cleaning-out apparatus while the boring rod is down. 
The remedy would then be the int^uction of light guides ; hut should this not 
suffice, the tjoring bar must he unscrewed and the boring apparatus lifted, when the 
scoop apparatus could be used for getting up dry liorings from great depths. The 
first-mentioned apparatus is already in use where, in case of the boring machinery 
being under repair, the hole is clear from obstructions. 

Another scoop apparatus consists of interior and extf'rior forked frames somewhat 
similar to the foregoing. To the two forked legs of the exterior frame, and at their 
lower ends, is fixed a sheet-metal tube open at the top and bottom. A vertical 
spindle is continued on the top of the interior frame, which works through a hole in 
the upper part or bow of the interior one. The fork len of the interior frame are 
fornisned with teeth gearing into small spur wheels on anorisontal spindle at about 
the middle of the apparatus, a crossbar underneath keeping in position a vertical 
shaft, having at its upper end a bevel wheel gearing into a smaller one on the hori- 
Eontal spindle. The vertical shaft reaches from about tlie middle of the apparatus to 
the bottom of the tube, where it carries a screw of steel plate, which rotates, and so 
screws up the borings. 

In this ease the modus opsrandi is as follows The scxxip is let down the boro hole 
until the screw bears on the bottom, when the rope is loosened and the interior frame 
einke down by its own weight, until the ring attawed to the upper part of ito epincile 
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reata on the upper part or bow of the eitwior frame. The downward movement 
eaneea the hormontal spindle to mate a couple of revolutions to the left ^without 
effect, owing to the oatoh and pawl mechanism), and when the scoop rope is lifted 
the revolwons tats place to the i^ht, the vi^cal shaft revolvee twice, cansinflr 
the screw ai^ tube to enter the borings about 8 inches, and the apparatus is lifted 
out. 

•At Ischl bv this means the salt formation has been examined to a depth of AlO ft. 
([82 klafter) ^m the surface. The scoop apparatus will recommend itself in all cases 
where, as in the Haselgebirg, the ground is fight, dry, and solid. 

At the Amber mine at Norty Len in Samland two shafts were sunk to the depth of 
about 127 feot, of which H. Kdax gives the following desoription : — 

* The Wing lead was a horisontal bar carrying four chisels for cutting into the 
bottom of the bole, and two at each end radially for describing the outer curve of the 
shafte. It weighed about 17 cwt The boring rods of wrought iron were of two sises ; 
one being an incn square, used in boring percussively ; and the other, 2 inches square, 
used when a twisting strain was applied. 

‘ The sand pumps, or shells, for removing the d^hris produced in the boring, were 
of two sizes; the larger being 3-1 ft. and the smaller. 2*1 ft. in diameter, the length 
in each case being 6*4 ft. They were wrought-iron cylinders with slack valves at the 
bottom, but the suspension was so arranged that whan brought full to the surface 
they could be emptied by being tipped like a bucket — without the necessity of being 
detached from the rods. 

* The iron tubes lining the shafts are of best boiler plate 0'8>inch thick and 4'0 feot 
internal diameter— in lengths of 4 feot joined b^ intornnl rings of the same thickness 
iind ri vetted. The tube is further strengthened internally by small longitudinal strips 
of iron of the same thickness. The Ixittum length of tube is of double thickness, and 
termiiiiites in a cutting shoe of triangular section. The total weights of the lining 
tubes are 41 tons per shaft. No. 1 — and 45*6 tons per shaft. No. 2, or rather more 
than 1 ton per linear yard 

‘ Tlie sinking of the tubes was effected by pressure applied by screws. A cast-iron 
ring grooved underneath to fit the tube, and having four perforated lugs ^through 
which the pressure screws passed, was placed on the top of the tube, aud the pressure 
was applied to the nuts by men working spanners. The lower ends of the screws 
were attached to a fixed pomil or abutment formed by a timber platform loaded with 
cast iron : four screws were placed at equal distances around the ciroumference of the 
tube. The spanners were slung by tocldes fur couvenience of manipulation, and from 
4 to 6 men worked at each, so that from 16 to 20 men were employed in pressing 
down the cylinders. The amount of material displaced for each length of tube was 
about 63 cubic foot, which was removed in 4 or 6 fileings of the larger sized shell in 
almut 6 working hours. The sinking of the tube occupied about 4 hours, so that one 
complete length of the shaft tube was sunk, and a fresh length slung and ac^justed for 
ri vetting in each shift of 12 hours. From the sandy n ture of the ground, but 
little actual boring was required, the use of the cliisels being confined to cutting 
through the bede of the shell. 

* The work was done in day and night shifts of 12 hours, with an average of 27 men. 

* No. 1 shaft was completed in 121 shifts, and No. 2 in 100 shifts, including both 
boring and rivotting. The latter operation occupied more thw-n half the time. 

* The total cost of the two shafts was as follows : — 

£ 

Wrought-iron lining tubes 4,003 

Boring plank 1,250 

Carriage 720 

Labour for ri vetting and sinking 715 

6,787 

' The water level during the sinking was constant at 32*8 ft. below the snrikee, the 
■h^ being about 40 ft, above the bottom of the valley .’ — Zeitwhnft dcu Berg- 
Witten wid SaUnentoeaen, xxii., parts 3 and 4. Abstract in the Frooeedinge qf the 
Bietitution of Gmt Engineers. 

On Machine Boring tii Bhgft-einking . — The following results have been published 
as obtained by the use ^of Sachs’ boring machine in a new sinking at Tromberg, 
near Steele, in Westpha^a. The shaft, measuring 14 8 ft. by 16*4 ft., was sunk iu 
slate and sandy shale to a depth of 241*2 ft. in 6 months, or an average of 40*2 ft. per 
month, using 6 machines. The borers, of best Siyrian steel, required sharpening 
after boring from 81*28 ft. to 5 ft, and under the roost favourable eondinons % 
machine h^ out from 13 to 22 shifts, 'without requiring to be removed iett lepalzi. 
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The proportion of maehlne to hand bore-holes -wiis as 2'72 to 1. The former avemgred 
8*9 ft. in depth, and iVom 1 2 in. to 1*8 in. in diameter, while the latter were 2 ft. deep 
and 1 in. bcoad. Blaiting was effected with dynamite and safety ftue. The total 
number of hands employed at the shaft bottom, including those employed in filling 
tubs with rock, was from 20 to 24. The cost, per foot, of this sinung was at first 
61, 8«. 0<f., but was subsequently reduced to 4f. 10s., exclusive of the cost of drawing 
the roek to the surface. 

With the same machine at the C irolus Magnus CoUiei^, near Berge Borbeck, the 
average result obtained in driving a level through similar rocks, 8*2 ft. high, and 
7*2 feet broad, was 31*6 ft. per month over a period of 2 years. — Oest, Zeit9okr{fi fur 
Berg und Huttenweaen, July 6, 1876, p. 286. 

On the U»f qf Boring Machinea at Schrmnite . — The deep adit level known as 
JoBSPH THH Sboond's H(iit at Schemutts, which was commenced in 1782, is intended 
to be of a total length of 17,827 yards, or about 1,420 yards longer than the St. 
Gothard Tunnel. Of this length, 16,820 yards have been driven by hand labour 
during the course of 02 years, leaving 2 sections unfinished, one of which is 1,604 
yards, and the other 1,000 yards long. In the latter section the use of machinery was 
Gommimced experimentally in the year 1873, and was continued at intervals during 
the following year. In the first series of experiments 1 machine of Sachs’ construc- 
tion was us^, the average depth of the bore holes being 1*3 foot, which were charged 
with dynamite, and fired by means of fuse. The average daily advance of the levd, 
which was 8 6ft. high and 6*0 ft. broad, was 2*1 ft. In the second series 2 machines 
were used, and the charges were fired by electricity ; the result was a daily advance 
of 8'28 ft., the rock being, as in the first series, a moderately hard trachyte (rh^olito). 
In the third series 2 machines on an improved frame were used, the holes being *2*3 
ft. deep; the advance was 0*8 inches per day in greenstone. In the fourth series, 
when the men wore becoming better acquainted with the use of the machines, the 
average length driven per day was 4*8 ft. Great difficulty was at times exjf^Ticncod 
in the use of the electrictil apparatus from missflres, especially when the air in the 
level was highly charged with moisture. It was found most convenient to have 2 
machines, which were used alternately, and only taken into the mine uhen the holes 
were loaded and readj for firing. It was also considered desirable not to fire more 
than 12 holes at one time. 

In order to obtain a basis for comparison with hand laliour, a fifth series of ex* 
periments was made by 12 selected miners, working 4 at a time, S-hour shifts, under 
continuous supervision ; when it was found that 12 men in 4 days advanced 11*6 ft., 
equal to 2'9 ft per day, thus producing somewhat less effect than a single machiue. 

Although the latter works at a disadvantage as compared with hand boring, on 
account of the time taken up in adjusting the stand and the dccfssory operation of 
laying railways and bringing up air and water pipes, and also because of the necessity 
of clearing away the whole of the rock blisted in one operation before lieginning upon 
a new face, the author considers that there is an undnabted saving in time to be 
effected by the use of the machine. The most advantageous method of arranging the 
bore-holes is considered to be in four vertical lines about oqusl distances apart, but 
having the holes in the centre rows somewhat closer together than those at the si^e, 
there being 6 in each of the former series, and only 4 in the latter. By this ar- 
rangement, a uniform depth of 2*3 ft. being adopted as a standard, the stand only 
requires to be fixed twice for each sot of 20 boles. The 2 central rows are loaded to a 
third of their depth with dynamite and fired first, making a deep notch in the face. 
This increases the effect of the side holes, which are fired subsequently with a some- 
what smaller charge. Deep holes are nut considererl economical, as their effect is 
not found to be in proportion to the increased consumption of dynamite, besides being 
more uncertain than shallower ones. In conclusion, the author compares the results 
obtained with those of the St. Oothard Tunnel in 1878, when the drift at theGoschenen 
end WHS advanced, by 6 of Fban 90 is and Dubois’ machines, 6*2 ft. per day, or 12*2 in. 
per machine ; while at Schemnitz at the end of 1874 2 of Sachs’ machines drove at 
the rate of 3 4 ft. per day, or 20*4 in. per machine. In the former oases 62*6 per 
cent of the total depth of holes bored proved effective, while in the latter the pro- 
portion was 76*2 per cent, a result which the author attributes to the electric igniuon, 
and the method of firing adopted. The cross sections of the two levels are at St. 
Oothard 6*66 square ft., and at Schemnitz 68 square ft. —L. Maaxub, Oeet, ZeUaohrift 
fur Birg und u&ttenweeen, JuW 12, 1876, p. 291. 

T%e Barrow Borer or Bock Drill. — A trial of this machine was first mode about two 
years ago at Dolcoath Mine, in the county of Cornwall, which was not, however, so 
satisfactory as expected, sevonl improvements having since been effected in it, among 
others a diminution in the size of the borers used. The present trial has been pro- 
nounced unprecedentedly successful by all those who have seen the machine at work. 
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whidi indudeB Bome of the leading mining authoritiei of the Weat of England ; ila 
light weight and oonseqnent portability, the great fiidlity with which it can be brought 
to bear on any point in the back, bottom, aideB, or end of the level, the small space it 
occupies, and the extreme simplicity of the machine and its aoeesBories, being con- 
siderations of the highest practical importanee. 

2267 



C. Cylinder. 

D Platon. 

1 }\ Spindle. 

IV'. Handle 

G n'uppeta working rulvo. 
U. rinUm on eplndlc. 

F. Pinion on feeding screw. 


H. Velve. 

U. Feeding loraw. 

B. Oolnmn, 

B. Clomp. 

L. Borow foetenlng borer, 
a. Gudgeon. 


The Barrow rock drill (Jio. 2267) consists essentially of a gun-metal cylinder about 
2 ft. in length and 4 in. in diameter, in which works a cnst-steel piston fitted with 
two pistons about 12 in. apart, midwav between which is tho tappet or boss. In a valve 
box on top of tho cylinder is placed the oscillating slide valve, which is worked by the 
tsppot coming in contact with the lower edges of the slide valve, which for this purpose 
are formed with two slopes at each end. The cutter has posts corresponding with 
openings in the slide vnlve face for admitting the compressed air, or steam firom the 
inlet pipe, to the posts at each end of the cylinder, and fbr letting the spent or exhaust 
air or steam escape by the exhaust pipe 

This simple and compact arrangement constitutes tho whole valve gear of the 
machine. 

The liorer is inserted into a hole formed in the front end of the piston rod, and fixed 
therein by means of a screw. Its rotation is effected by hand by means of the handle 
turning a spindle, which is so fitted, by means of the cutter made fast in the piston 
and fitting in a slit in the spindle, that the latter can slide in the piston, but when 
turned by the handle causes the piston to turn with it. The spindle has a pinion 
gearing on the adjusting and feeding screws, so that when the piston is tnrned by 
means of the handle, the cylinder is simultaneously pushed along the bed plate. This 
pinion can be easily disconnected by loosening tho nuts, and thus the piston and the 
admsting screw can be turned independently of one another when required. 

The borers used are respectively in., 1| in., and 1 in. in diameter, the length of 
the stroke 4 in., and the maximum numbw of blows about 800 per minute. 

The air is brought down the shaft in cast-iron pipes at a pressure of firom 60 to 
66 lb. to the square inch, and admitted through a flexible tube into the inlet on the 
left hand side of the cylinder. The air is compressed at stffface by a 14 in. com- 
pressor, worked by a 12 in. horizontal engine, capable, however, of working two more 
machines if neeessaiy. The cast-iron pipes are 2 in. diameter in Uie shaft, and in. 
in the level. The total weight of the machine, including bed plate and gudgeon, is 
about 116 lb. 

The method ef fixing the machine for work is as follows : — The bed plate of tbs 
machine is formed with a gudgeon, which fits into and can be adjusted to any position 
in a socket formed in or on a clamp which can be fixed on any part of the wrought- 
iron bar or cedumn, thus forming a universal joint. This bar can be placed in position 
either horizontally or vertically, as may be most convenient, but it is generally 
placed across the level, against the sides of which it is screwed by means of we clamp 
and adjusting screw and claws. If necessary, wooden wedges are driven in between 
the claws and the wall to make it still firmer. The weight of the bat is about 120 IK 
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The meehine being ihtu placed in ^ition, about a score boles, on an arerage of 
from 20 to 24 inches deep, are bored, one after another, over the area of the fore 
breast at an average rate of about an inch per minute in ordinary ground, which 
would cost about 4f. lOt. per foot to be driven by hand labour. 

The machine is then removed and the holes charged with dynamite or tonite, and 
fired three or four at a time, those nearest the bottom being generally fired first, 
so as to make an advantage for those above them. The time occupied in boring, 
charging, and firing twenty holes and removing the dibfia is generally about ten hours. 
Two men and a boy work in a core, one being employed in attending to the machine, 
turning the borer and regulating the feed, another in quirting water from a flexible 
tube into the hole to remove the sludge, and the third in clearing away and throwing 
hock the stuff that is broken. The work actually done at Dolcoath mine by the 
machine the first six months it has been working is 80 fms. 8 ft. 9 in. In the level 
exactly over that at which the machine is at work, and ia ground of precisely similar 
hardness, the distance driven by hand labour was 30 fnia. 3 ft. 2 in. in twenty* two 
months, or a monthly average of 1 fm. 2 ft. 4 in. against 5 fms. 0 ft. 7^ in. for the 
machine, showing that the machine has driven regularly nearly four times as fast as 
is practicable by hand labour. 

The foregoing results, however, are by no means the only success achiavod by the 
Barrow drifl. For some time past its use has been rapidly extending in the haematite 
iron districts of Cumberland and Lancashire, the average rate of driving being, as in 
the instance quoted, estimated at four times that of band labour, and in nearly every 
case at a saving of cost of at least 20 per cent. 

An advantage, and by no means unimportant, is the improvement in the ventilation 
cjiused by the current of compressed air escaping from toe exhaust of the machine, 
and the lowering of the temperature consequent on its expansion. This is noticeably 
ihe case at Dolcoath, where the machine is worked, the difference of temprmturo 
when the machine is working and when it is idle is very marked. ^ 

From the considerations mentioned at the commencement of these remLi-ks, and 
judging from the results steadily achieved during the last six months, as well ms 
from ue unanimously favourable reports from competent men who have inspected 
the drill at work, there is every reason to consider the Barrow drill as the mo<<t 
successful machine of the kind yet put to work, and there is every reason to believe 
that its success at a laige hard aground mine like Dolcoath will lead to its larly and 
general adoption in mining enterprise, and it becomes an accomplished fact ihiit 
another triumph hu been added to the long list of those achieved by mechanical 
science. 

The cost of the machine is fill/., including patent rights: the 2-in. air pipes (Mjki 
3s. 3<f. per fm., air compressor 70/. The estimated cost of two machines, air com- 
pressors, and 300 fms. of pipes, would be about 400/. Bee Toniiw. 

Boringtt, Deej^, and Deep Mines. — The following statement of depths of borings and 
of mine shafts is from a paper on this subject, submitted to the Geographical Society 
of Glasgow by D. C. Glhic. 

' The depth of the Artesian well at Grenelle, near Paris, is 1,T98 ft., and the bore 
passes into the gault formation. It yields 476 gallons of water per minute, the water 
rising to height of 82 ft. above the surface, and the temperature is 81^° Fahr. The 
well in Trafalgar Square, London, is 393 it. deep. It descends into the upper chalk. 
A bore hole for exploring the coal measures at Creusot, in France, by Herr Kinet, is 
920 metres, or 3,020 English feet, in depth. The deepest bore yet made is in Prussia, 
at Sperenberg, 23 miles south of Berlin. It has reached the great depth of 4, 1 72 ft., 
and cost 8,717/., or about 48s. per foot. The deepest coal pit in Scotland is the 
Victoria pit, at Nitshell, where the Huslet coal is worked at a depth of 176 fms. or 
1,060 ft. The Monkwearmouth pit, near Sunderland, was for many years the deepest 
in England. It is 300 fms. or 1,800 ft. deep. Another pit, l^ing more towards the 
dip of the coal field, ki a few fathoms deeper. The deepest pit in England is now at 
Dukinfleld, near Manchester, belonging to Mr. Astlet. Its depth is 408 fins, or 
2,448 ft. It passes through twenty-two workable seams of coal. The deepest pits in 
the world are now in Belgium, in the coal fields lying between Mons, Charleroi, 
Xamur, and Li4ge. The shafts in soveral cases are over 760 mitres in depth, or 
2,460 ft. ; and one shaft at Gilly, near Charleroi, is 1,040 mitres deep, or 8,411 ft. ; 
and one part has now reached the depth of 8,489 ft. 

* The Allowing table gives the depths and situations and nature of the deepest mines 
OD the Centinent, 
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Oouatiy 

District 

Mature of mineral 

Mame of pit or mine 

Depth 

Meet 

1 



Jagstfeld . 
Tixqinak . 
Stouholm 

Palhal . 
Hagenbach 
Eerkrade 

Bersbo 

Qnvarrano 
Granada . 
Schemnitz 
Kongsberg 

St. Chaumont . 
St. Andr4 
Zwickau . 

Gilly 

Birkenberg (pro- 
vince of Pnz- 
bmm) 

Salt 

Copper . 

C(^ * 

Copper . 

C<^ . . 

Coal 

Copper . 
Li^ite . 

Silver 

Gold and silver 
Silver 

Coal 

Silver 

Coal 

Coal 

Silver and lead 

Friedricshall . 

Max . 

Taylor . 

Wilhelm . 

Monte Masio . 
La Lnerti 

Amalia 

St. Luc . 

Samon 

Vivien 

Adalbert . 

644 

606 

869 

1,079 

1,082 

1,092 

1,877 

1,443 

1,648 

1,771 

1,869 

1,076 

2,632 

2,637 

2,820 

3,280 


For the deplli of BntiHli miiieB, nee Minks. 

BXABQVa. At the lead and silver works of the Upper Harts, a oomponnd, of one 
part ot powdered clay slate and two of small charcoal, is nsed in the fhrnaces and 
called ‘ hrasqiie.’ The name is usually given in the Oerinan works to charcoal, coke, 
graphite, or anthracite in powder, mixed with clay or powdered clay slate. 

B1ULTTX01I OXiOTH. Under ordinary circumstances the brattice cloth nsed 
in mines is a very stout variety of canvas, often thoroughly impregnated with car- 
bonaceous matter. At a meeting of the Manchester Geological Society, Mr. W. H. 
Johnson described a new kind of brattice cloth, composed of mre clothe in which 
iliere were about 8G holes to the inch, and the wire was almost ae fine as any iron 
wire could bo. This cloth would, it was thought, be more dnrable and less liable to 
burn than the cniniiion cloth. It was, however, suggested that the common brattice 
cloth saturated with alum would do as well. This could be effected and the fire-proof 
cloth produced at a cost of about Td. or 8d. per yard, whilst the wire cloth would cost 
about 4a tho yard. 

BBAZZXiBTTO or BBAXTBBTO* The common name for Cmaalpinia^ also 
specially the colonial name for Caaalpmut ^rahUiensis. The wood of this tree affonls 
a beautiful dye. It furnishes the Sappan wood of commerce, and the Bukknm or 
Wukkum of India. See Dtb Woods. 

BBAZnnr. (Vol. i. p. 476.) This colonring matter may be prepared from the 
dark brijwn red crusts consisting of brazilin and a lime brazilin lake, together with 
mechanical impurities, which are deposited during the preparation and storage ot 
•omniercial extract of Brazil wood. 

These crusts may be boiled with water acidulated with hydrochloric acid, and the 
brazilin which separates from the filtrate on cooling purified by recrystallisation. 

Furo brazilin is colourless and gives with deaerated water colourless solutions, 
which imparts a weak colour to mordanted cotton. By contact with air these solutions 
acquire a reddish yellotr colour, and a nincreased tinctorial power. See Bbsobciw. 

BBAZZXi WOOD. Used in colouring wine, and its detection. See Wnras. 

■■■AD, VXDB’M’A. (Vol. i. p. 476.) Professor Horsfobd, of Cambridge, 
Mass., has published, through the Government Printing Ofi&ce, shortly after the 
Austrian Exhibition of 1878, an elaborate report on the methods employed in the 
mannfacturo of bread in Vienna. He describes the charaeterietics of the groin, the 
art of milling, the making of a yeast bread, and the processee in use in the Vienna 
bakeries. The untis]ml excellence of the Vienna bread, arising for the most part from 
the marked saperidrity of the Hungarian wheat and fionr, is considered to be due, not 
so much to the constant care of the farmer in changing the varieties grpwn when the 
slightebt deteriontion of the quality of the product is detected, as to the dryness and 
clearneas of the atmosphere of the district where the wheat is grown, at the time when 
the eontonte of the be^ are in the condition tecbnioally known as * milk.* So dry is 
the air in the Hunnrian lowlands that there is no dew during the summer night ; 
soon after sunrise we temperature rises to 74*’-77° Fahr., and in Ihe course of the day 
attoins to 96®-100® Fabr., remaining at thst temperature till nearly sunset. The 
dneat months are July and August, the Hungarian summer being uniformly very 
dry. For testing the qualities of the flour, Professor Hobsfoud states that the whede 
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of the nitrogenous substnneee cni^ be separated the starch by treatment with 
dilute acetic acid, and their amount estimated, after the settling out of the starch, by 
determining the specific gravity of the solution. This appears, however, to be a facile 
but insufficientiy accurate means of arriving at the result With reference to the 
pressed yeast em|>loyed in the manufacture of the ‘ Kaiser^mmel’ (imperial wheat 
bread), the following figures give some idea of the development of this branch of 
industnr during the last thir^ years. One firm alone sold, in 1846, 72,400 Zollver. 
lb., and in 1872, 8,170,000 Zollver. lb. The problem why bread b^mes stale was 
attadted many years ago by Boussingault, who found that it did not necessarily lose 
weight by the evaporation of water, but he could arrive at no satisfhctory explanation 
for the change. Professor Hobsford believes that the gluten of the crumb walls of 
stale bread, which are stiff and brittle, is dehydrated by the heat of rebaking, and the 
water of hydration driven out softens the glucoid horny starch which coats and pene- 
trates the gluten. Thus softened, the crumb is more palatable, because it is in a 
condition to be dissolved by the saliva, and tasted. On cooling, the water is with- 
drawn from the stsjch, which is thereby rendered stiff, and restored to the gluten, and 
the bread becomes stale. By adopting the methods described in this report, bread of 
as good quality as that baked in Vienna may be produced in any country provided 
equally good flour is used. 

BMfWZiro. (Vol. i. p. 608). MaU^ Substitufes for, in Brewing , — There arc 
manv farinaceous aubsttmees which, when added to malt and properly treated, yield a 
good beverage. 

The quantity of starch obtained from an acre of potato plants amounts to three or 
four times that of barley, whilst the starch obtained from rice and maize amounts to 
at least double the quantity. 

There is a prejudice against the use of maize in brewing ; this arises from the fact, 
that comparative experiments have shown that maize w‘ort containing one -third of 
starch attenuates in the same time more than ordinary wort, and in propq^tion to the 
degree of fermentation gives a larger yield of yeast than normal beer, and that this 
yeast is poorer in nitrogen, and becomes useless after a second treatment. 

Beers brewed with an addition of starch are strong, pale, and ^od in taste, so long 
as in their prepi^tion pure fresh malt yeast is used. Prepared potato slices cannot 
give a good tasting beverage, purified starch or starch sugar are necessary. 

That maize may be used for brewing it requires peculiar treatment, on account of 
the peculiar quality of its kernels and the composition of its ingredients. It requires 
during malting a higher temperature than any other grain, to secure the separation of 
the homy sheU from the mealy body. It requires also more time for dissolving. 

The kei'nels of maize are surrounded by firm colls which prevent the dissolving 
action, and therefore the maize must bo either powdered or soaked and boiled in 
water containing sulphuric acid, before it is mixed with the malt. Beors treated with 
potato starch ferment very strongly, but the fermentation of maize beer is slow and 
regular. Those beers do not setJe easily, but after settling they become strong. 

The chemical composition ot decoctions of worts of different lands is as follows : — 


Constituents of the woit 

Pure malt 
wort 

Maize malt 
wort 

Rico malt 
wort 

Btarch malt 
wort 

Sugar 

4-96 


4*84 

4-87 

Dextrin 

606 

6*83 

6 36 

6*60 

Extract 

12 29 

12-27 

12-30 

12-32 

Protein bodies .... 

•82 

•78 

*68 

■42 

Other substances 

*46 

*68 

•48 

*43 

Polarization, Soijeil degrees 

-I- 130 

+ 138 

+ 182 

+ 136 

JfUr the principal fermentation. 



Fermented Worts 





Alcohol 

2-71 

2-76 

290 

3-10 

Sugar 

1*06 

1*12 

*98 

•35 

Dextrin 

4*64 

4-31 

442 

4*74 

Extract 

6*69 

6*48 

6-26 

601 

Protein substances . 

•43 

*30 

•88 

•28 

Other substances 

•67 

•66 

•62 

■64 

Polarization, Soum. degrees 

+ 72 

+ 68 

4 66 

+ 69 
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The fermentation wae found to be the qnickeet in the rice malt wort ; that in the 
maiee malt the slowest.—* Substitutes for Malt in Brewing,' by J. flaifAiCAMN, Fuk- 
im^a lAndm. Zdtmg, 1876. 

F. ZMRBST. 1 XAB ascertained how the nitrogen in barley becomes diTided among the 
riirious products obtained in the brewing process. The percentage compositions of 
the results obtained were as follows : — 


■ 

Bnbetanoes 

Nitrogen 
(dry at 100®) 

Mo store 

The most lubstonoos 
contained 

Nltrugrn 

Albumen 

1. Burley 

1*605 

11*80 

1*428 

8-609 

2. Barley soaked 

1*262 

41*11 

0*737 

4*696 

8. Malt 

1*694 


0*621 

9*687 

4. Malt 


42 60 

8*672 

6*191 

5. Malt sprouts 

8*679 

14*48 

2*061 

■ItSbVMI 

8. Dust 

2*974 

13 67 

0*670 

16*871 

7. Mall dough .... 

6*806 

82*96 

0*989 

6*801 

8. Iloturns .... 


76*83 

1*762 

4*858 

9. Hops 


11*06 

0*826 


10. Hop returns 

2 799 

7718 


4*067 

1 1. Cooled lot's .... 

6*300 

77*66 

1 190 

7*678 

12 Yiart ... 

8 130 

76*47 

1*918 

12*186 


Another tublo is iubtriiclivo iii connection with the above — 



noflidno or 
Kxtmct 

Nitrogen iu 
Extract 

Nltmgen In 
Liquid 

Albumen In 
Liquid 

Alcohol In 
Liquid 

Water after soaking 

0*118 

1*466 

0 0017 

0 0108 


Unhopped wort 

12*261 

0 993 

0*122 

0*774 

— 

Hopped wort . 

12 622 

0*921 

0*116 

0*741 . 

— 

Young beer 

6 620 

1*486 

0*083 

0*580 

2*76 

Logerbier 

5 4*27 

1*217 

0*066 

0*420 

3*28 


The nitrogen of raw barley has to be divided as follows : — 


Total weight of 
Bobstunoes 

MutorialB, Froducte and XleBldaes 

Nitrogen 

Weight of 
Nitrogen 

100 parts of 
nitrogen in 
barley oorre- 
Bpond with 

poouds 

3126*00 

Haw barley 


per cent. 
1*4280 

pounds 

44*468 

per cent. 
100*00 

46 87 

Skimmed barley . 



0*667 

1*50 

9800*00 

Water used 


T ' 

0*160 

0*88 


Mult sprouts 


i 1 H 

8*306 

7*43 




1 1 

0*463 

1*04 


Wet returns 



22*818 

60*18 

600*00 

Wet dough . 


• > si 

4*947 

ll*f2 


Wet cooled lees . 


1*1900 

1*786 

4*01 


Wet hop returns . 


(0*639) 

> 0*219 

0*49 

162*00 

Wet yeast . 


1*9130 

3*009 

6*07 


Lagerbier . 



6*722 

12*87 





1*778 

4*01 


* Division of the nitrogen of barley amongst the products of Brewing,’ by F. Zmhb- 
SLiKAB, jMdyp. J„ abstracted in Jowmal ef (Jhemical 8oc%ety. 


' Thirty lb. of hops contains 0*547 lb. of nitrogen. ISO lb. of hop retnms, however, oontalas 
0 765 1b., via 0‘310 lb. more than hops, whloh dUnvenoe mnit be added to the nitrogen amount Is 
badsy. 
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axxcnu* (Vol. I. p. 6 19 .) Liddell*! new improrod and patented double 
briek-mafcinff machine, wuich is here illustrated 2266, 2267), deals with tbe 
ruoul ing of brides, and appears to bo a considerable improvement on previous 

2266 



m<ictiiues. It is driven from the main ^haft, upon which is a bovol pinion gearin'* 
with a bevel wheel fixed to the loner extremity of the vertical shaft. The lower 

end of the vcrlicsl shaft is supported in a 
2267 step or socket, whilst the upper end is 

carried in bearings formed in the beam, 
which beam also serves to bind together the 
side frames standing upon the upper part 
of the ptigmiU. Any required number of 
the ordinary pugmill screw blades are fixed 
upon the shaft, so that when the shaft is 
caused to revolve in the pugmill the screw 
blades mix or stir, and at the same time 
force the clay out of the pugmill into the 
br'ck moulds formed m the slides. The 
pressing blocks (one being situated on each 
side of the roacnine) are actuated from i 
cam at the upper end of the shaft. Quidei 
are carried on the frames, and in the guides 
slots or slide beds are formed, slides being 
placed therein. Upon the slides antifriction 
rollers are situated in such position as to 
l;e acted upon bv the cam, which, when re- 
volving, causes the slides to rise and fall in 
the guides, and the pressing blocks being 
connected to the slides by the rods, they are 
thereby raised and lowered. When the clay 
has been thus forced by the pressing blocks 
into the moulds formed in the slides, the 
slides are moved so as to bring another 
mould opposite to and below the pressing 
blocks, which are then again lowers upon 
the clay, at the same time the brick last 
made is being forced out of the mould by one of the pressers which aio actuated 
from a cam fixed upon the shaft. Weiglits are attached to the pressers, and to the 
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weighu Todi rto Axed, thoir lower ends sliding reriieally in guides situated at right 
andes to the rods, the inner extremities of the rods being provided with antifriction 
runers, whi(^ bear upon the cam, so that bj adjusting the cam on the shaft, the pressers 
maj be made to fall at the proper intervals for removing the bricks from the moulds 

This machine is less liable to breakage, being more than a half heavier, conse- 
quently much stronger in all its different parts, than most machines. It has also only 
four bevel wheels, while other machines of a similar construction have no less than 
ten,' which,* with their attendant shafts and brackets, often become a total wreck, 
simply through a stone or any other hard substance getting into the gearing. The 
strum on the amount of gearing in these is very great, and either causes the uafls to 
jump, or wrecks the machine. In Mr. Liddbix’b machine the connecting rods are so 
fitted with safetv springs that should any stono or niece of iron get into the slides the 
springs allow tne connecting rods to pass, and thus prevent nriury, and when the 
inipedimont is removed this machine reassumes it work with little or no trouble. It 
is compHct, simple, and complete in its construction, and all the principal parta 
c-Hti easily be got at for repair, and will turn out from 27,000 to 80,000 bricks per 
<luy The engine required to drive it is one of 14 inches cylinder with a 30-inch 
Mroke. 

The following description of a steam brick kiln is abstracted from a paper read 
before the Franklin Institute, in Janua^ 1876, by Dr. Himnv W. Adams:— 

' The object of this paper is to descril^ a new and improved process of burning a 
kiln of bricks, uniformly hard, without a salmon brick, or a blackened, or a glased 
brick in the kiln, end in one-half the time, and with one^half the cost for fool, now 
required. Bricks may be made any of the known prccesses, but they ore then 
only pieces of mud, and are not, in this condition, merchantable. Thev must be 
burnAi iii order to be of any value. The commrative value of a brick made from our 
beautiful clay depends upon its hardness and the brightness of its deep red colour. 
To develop those qualities a high, sustained, and uniformly distributed heat is ne- 
cessary. Such a heat cannot be secured in the old kilns. The outside walls absorb 
a large portion of heat, and thus rob the bricks next to them of the heat necessary to 
burn them hard. The host, ascending from the fires, passes freely from the top of 
tlio kiln into the air, and is largely wasted. Hence more fuel is used to burn an old 
kiln than it needed if it could be properly distributed and utilised. When the fires 
are first fed with coal the gases generated fill the top of the kiln mure abundantly, 
tnd raise the temperature of the bricks ; soon the coal cokes, and the production of 
incandescent gases, rising through the kiln, is diminished. The snperiucurobent air, 
now no longer lifted from the top of the kiln by the ascending gases, setUes down 
upon and insinuates itself between the top courses of the kiln, and cools them. Thus 
the top and sides of an old brick kiln produce a large quantiW of salmon bricks. 
These bricks are worth about seven dolhu’S per thousand. They average about 
one-fourth part of the kiln. It costs just as much to dig the clay, to temper it, to 
mould and diy these bricks, and set, and burn, and handle them, as it does to make 
hard stretchers and paving bncks. which are worth from 16 to 20 dollars per thou- 
sand. Besides, in » kiln as usually constructed only a small number of bricks can 
bo burned in the heart of the kiln. The arches, from necessity, are overburden^ 
in consequence of prolonging tho firing sufficiently to burn the top and sides of the 
kiln into respectable salmon. This is a fair statement of the case. The practice and 
skill of generations have failed to remedy these defects. 

‘ To burn any kiln of bricks uniformly hard, and of a deep red colour, three things, 
at least, are necessary 

‘ 1. The necessary quantity and degree of heat must be ensured. 

* 2. This heat must be equally distributed to and surround every bride in the kiln 
for the eame length of time. 

' 3. This heat must be held in the kiln, under a pressure greater than the outside 
air, so as to cause it to fill the entire honeycomb of the kiln, and wrap every brick, 
and bum the top and sides as quickly as the bottom. 

' If these conaitionB eau be i^ised in a kiln, it is easy to see that a uniform result 
will be obtained. But, to do this, it is necessary that the kiln should be an oven. 
The heat must beiABde outside of the kiln proper, and driven into and under it by 
foroible jets of steam, in order to fill the kiln with the necessary heat nnder pressure. 
The top must be banked down by at least two platting courses of burned bricks to 
hold in the heat. In the old kiln the draught is shut off by closing up the top tightly ; 
hut in the new kiln this is not required, because no dependence is plac^ on tne 
natural draught. 

* For three or four hundred dollars an old brick kiln can be converted into one suited 
to the n^ process. Take, for example, a ten-arch kiln built in the old s^le. To 
alter this, take out the grate bars and widen the ash pits to the width of 2 ft., and 
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tnrn an arch over oacb, composed of tiro bneks, and filled with pigeon-holes about 
2 in Square, to let the heat through under the whole Iwttom of the kiln. The floor 
pf the kiln is levelled off, and the bricks to bo burned are set direcllj on this floor, 
without arches. The kiln is set in the usual manner, and two platting courses of 
burned bricks are laid down on the top platting course of green bricks. They are 
loft loose enough to let the water and smoke escape, then tightened down when it has 
gone. The flre-placos are built in front of the old fire doors, on the outside of the 
Uln, and the grates in those furnaces are 4 ft. lung and 2 ft. wide, and are on a level 
with the old ash pits, so that the products of combustion are driven into the per- 
manent and pigeon-holed arches under the bottom of the kiln. Jets of steam, escaping 
from noszles ^ths of an inch in diameter, are let into the fSirnaces, over the fire doors, 
under a pressure of about 6fi lb. to the inch, sweeping over and across the burning 
fhel. They make a partial vacuum in the fhrnaco next to the fire doors, and draw 
up large volumes of air to intensify the combustion. No smoke is loft unconsumed. 
The white hot gnses and superheated steam are forced under the whole bottom of the 
kiln, and made to pass up through the pigeon-holed arches, and thence through (lie 
bottom of the kiln, and fill the interstitial spaces between the bricks. 

* The top platting courses being now closed up tight, the kiln beromes an oven, 
fillerl in evoiy part with a uniform heat. A partition is placed in the middle of the 
length of each arch to prevent the two opposite blasts from acting againr>t each 
other. The steam is superheated at the expense of the overhoatod archea and bottom 
of the kiln, and becomes a carrier to lift up the heat and circulate it through the 
upper parts of the kilu. To cheapen the cost for fuel and to produce a largo volume 
of flame to help forward the process of burning and colouring the bricks, the kiln is 
surrounded wi^ a half-inch pipe, from which branches, a of an inch in diameter, lead 
and look over an inch hole through the top of each furnace, to allow a small stn^am 
of crude petroleum, about as largo as a needle, to fall down on to the rod hot coals 
and burst into flame. The jet of steam shooting over the fire door and through the 
furnace draws in air, and produces the most intense combustion, and Supplies the 
entire bottom of the kiln with an abundance of heat of the highest and mr^st uniform 
intensity. This groat source of flame aud gases enables the use of cheaper fuel and 
the substitution of fine instead of ordinary coal. The ^tes uro plates of cast iron, 
4 ft. long and 2 fr. wide, perforated with small round holes, about ^ths of an inch 
in diameter on the upper side, and ^ an inch wide on the under side, to let the ashes 
fall through without clogging. The flres are kindled with wood and large coal at 
first, and then the fine coal is gradually thrown on, and kept about n foot tliick. 
The small stream of petroleum falling on to this red hoi bed bursts into flame, and the 
forcible jots of steam draw in the air for perfect combustion, and nothiug can exceed 
the economy, regularity, and perfection ot the heat thus produced. 

*lt is this pei^ect regularity and continuity of the heat produced by tbo furnaces 
which render the burning of the kiln so easy and so perfect. There is no danger 
from the use of petroleum in this manner, li^plosiims can never take place with any 
hydrocarbon without an admixture, with its vapour, of atmospheric air or oxygen. 
When stored in air-tight pipes it is just as safe as water. 

* It now costs from 275 to 300 dollars to bum a kiln of 200,000 bricks, while in the 
same sized kiln by my process every brick can be burnt, and burnt hard, for 1 10 
dollars, or 66 cents per thousand.* 

So far as we know. Dr. Adams was the first who ever used steam in a brick kiln, 
to be superheated by the excess of heat in the arches and bottom of the kiln, and to 
circulate this heat and distribute it in the upper parts of tlie kiln. His first patent for 
this use of steam was dated Jul^ 21, 1868. When this ratent was examined by 
the United States Patent Office it was found that the word ‘ steam ’ had never been 
used in connection with a brick kiln in the world. This patent was taken out in 1868, 
in nearly every country in Europe. In the specification of the American patent, it 
says : ' The life of my invention consists in a new method of producing, distributing, 
transporting, and retaining the necessary heat, in all parts of the kiln, so as neither 
to overburn the bottom or underbum the top, but to equalise the heat of both by 
means of a positive, and reliable, and instantaneous power, and to supply any desirable 
degTM of heat to all parts of the kiln alike. This 1 accomplish by the accurate and 
positive manner of introducing air and steam into the fire-places, the former to pro- 
mote perfect combustion, and the latter to become superheatM, at the expense of the 
overheated fire-places and bottom bricks, and both to cany up calorie to bo distributed 
and utilised in raising the topmost courses to a settling heat. 

Another patent was dated July 20, 1869, and covered some additional details 
such as the building of the fire-places outside of a brick kiln, and the forcing of the 
products of combustion into the kiln by jets of steam. Amongst the claims was one 
allowed in this patent for the use of steam, and is in these words : — * The arrange- 
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ment of Aimaees in a bnck kiln, with jets of atonm discharging into the ftirnaoes, 
enbstatttialljr as and for the purpose set forth.* ^ These patents were parted with 
soon after they Were issned, mit the parties holding the right so modified the dispo- 
sition of the fires and introdnetion of the jets, that their kilns never worked satis- 
focrorily, and the patent was generally regarded es a foilure. Had the kiln been 
arranged asjmtentM, with an upright draught, its success would have been perfect at 
the start, control of the original patents has now reverted to the patentee ; and 
with a new* patent, dated NovemW 23, 1876, there is secured every usefol detail 
which experience has shown necessary to make the invention all that can be desired. 

To show that these statements are supported by actual accomplishments, it may be 
stated that four kilns have been burned off this last autumn, (1876), with the upright 
draught, in accordance with the patents. These were small kilos, and were built at the 
Fish House Station, near Camden, by Mr. Kicuard D. Cox, on the yard of Mr. Bbevbs. 
All four of these kilns wore burned in half the ordinary time, and every brick was 
prfectly ^rtl. The last kiln was left standing for exhibition, full of bricks just ns 
burned off. There was not a brick in this kiln, including the top platting courses, but 
which is hard stretcher. It settled 13 inches, and was burned in just 49 hours by a 
man who liad never burned a kiln of bricks in his life. 

A iurthcr corroboration of those statements will be found in the fict that Pro- 
fd'Hsurs J. P. OooKH, juii., and E. N. Hobsvobd, of Harvard University, examined and 
roporto<l fuvounibly on the operation of the process, while the Masbachitsistts Buick 
Company, of Cambridge, near Boston, have put the kilns into operation with great 
succd'HR. Whin we consider that 1,000 bricks is required to each ? or 8 inhabitants of 
our citid's per year, and that r a dolhir per 1,000 in price and a dollar per 1,000 in 
quality is saved by the new kilna, the magnitude and the value of this improvement 
is made compreluiisible to the minds of all. — Journal of the Frauklm InaiUutet Marcli 
1876, Vol. Ixxi. No. 8. 

J. I). PiNFOLn'H brick making machinery has excited much attention. Mr. Pin- 
fold is well known as of liugby, and celebrated for his brick machines. The general 
principle of his arrangement will be understood from the following description : — 

The olny in its rough state having been drawn up by the hoisting gear or otherwise 
brought to the machine, is fed into a massivo pair of grinding rolls, which thoroug^bly 
crushes it and all it contains. The arrangement for adjustment is very simple, and 
at the same time very effective, inasmuch as the contrivance for setting the distance 
of the rolls apart also answers the purpose of a safety apparatus, so that in the event 
of a piece of iron or other foreign substance harder than ordinary pebbles or small 
stones gottiug between the crushing rolls no harm can result to the machinery. This 
IS a groat improvement over the majority of crushing mills at present in use. The 
ground clay thou falls from the crushing rolls into the pugmill, which is fitted with a 
\Rry strong wrought-iron shaft, to which is attached a series of strong wrought>iron 
blades and driven by correspondingly stnmg wheels, so as to enable the use of the 
clay in the stiff condition necessary fur making good sound well shaped bricks. Afior 
having been thoroughly mixed in the pugmill, the clay is fed by it into the compres- 
sing rolls, the action of these rolls is such that while they push the clay towards the 
die they ex^iel every particle of air, and thereby prevent tlie loss of bricks foom the 
expansion of iiir during burning. The easy issue of the clay is provided for by a 
suitable steam or water lubrication. The clay is now a rectangular block only re- 
quiring to be cut into the requi^ thickness. 

The cutting table is very ingenious. In most other cutting tables in use, either the 
travelling of the clay has to be stopped, or a piece of it has lo l^,cnt off from the travel- 
ling stream by a preliminary cutting wire, and afterwards operated upon ; but in this 
machine the bricks are cut with perfect accuracy — while travelling ~f^m the con- 
tinuously advancing stream of clay without the use of any preliminary entting wire, 
thereby doing twice the amount of work at half the usual cost. The bricks, after 
they are cut off, are delivered either on to a special bearing-off barrow, ready for 
wheeling airay, or are put on to the inventor’s patent separators, so that the bricks 
may be carried to the diying stoves and meeh^ically parted without any separate 
handling. 

This machine is said to make from 20,000 to 80,000 first-class solid bricks per day 
of ten hours, the quantity being reguUt^ by the industry of the men employed , the 
labour required to make the former quantity is three men in the miue, one at the top 
of the incline, one to work the enttar and load, the barrows, and tliree men and three 
bora to wheel away and pile the bricks in the kiln. 

These machines will produce either solid or perforated brick monlih, or drain tiles, 
or anything that can be expressed from a die. The clay used in this machine is so 
stiff uiat the bricks may be stacked at once for drying six or eight high without 
injury to their shape. 
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Briefci are MmotimeB made on the Coniineut of highly silioated neeous sUga 
espeoi^y such as i^olts from the lead smelting furnaces. They are used for con* 
struoting those ports of the fnrnaces in which vexy high degrees of temperature are 
not pr ^uce d. See Fiiut Bbickb. 

BITBWTOM. See Sulphuh, Ptbitbs, &e. 

We have Imported brimstone as follows : — 


! 

From Belgium .... 

„ Italy .... 

„ other Countries 

Total . 

1874 

1876 

Cwt. 

7.021 

1,031,414 

6,681 

Valne 

d;3,890 

346,873 

1,883 

Owt. 

22,743 

1,089,194 

6,797 

1,117,784 

Value 

11,680 

373,733 

2,049 

1,044,116 

351.666 

387,462 


This does not include the enormous quaiititios of sulphur obtained from the pyrites, 
which we import from Spain, Norway, &ic. 

■SOKlwa, To detoot by the Blowpipe, — If insuluble, the bromide is fused before 
the blowpipe fl^e, with two or three volumes of carbonate of soda. A soluble 
bromide is thus formed with separation of the base. If this fused mass be dissolved 
and fllrered, and a small quantity of nitrate of silver be added, a bromide of silver is 
precipitated. This is fhs^ with bisulphate of potash in a test tube. The bromide 
of silver will quickly separate from the flux in the form of a blood-rod globule, which 
becomes pale yellow when cold ; whon placed in the sunshine it will, after a short 
time, turn green. 

Ohloride of silver treated in the same way turns rapidly to a dark grey in the sun< 
shine. Iodide of silver retains its colour. — O haphak. ^ 

BftoMiKB, lie use in Hydro-Metallurgy for treating Ores of Mercury . — R. Waowkr 
{Bfdletm ds la SocUU Chtmigue de BariSt February 6, 187G) states that, according to 
the official returns from India, in reverberatory furn.ices used for the reduction of 
cinnabar, 48 per cent, is lost, and in the best muffle furuaces 10 per cent. He there- 
fore proposed the wet process. This plan is to digest the ores of Idria and of Deux 
Fonts with bromine water, containing 3 per cent, of bromine, or with 13 per cent, of 
solution of bromine in hydrochloric acid. 

After digesting the cinnabar with an excess of the bromine liquid for a few days, 
the whole is dissolved, as is also any metallic mercury present. From the solution 
tJie mercury is thrown down by moans of sulphuretted hydrogen, and the sulphide of 
mercury is dried and decomposed. The amount of bromine required is vi^ con- 
siderable, for 1 part of mercury obtained 3^ parts of hydrobromic acid remaining in 
solution. The process is therefore only applicable where the mauufacture of bromine 
compounds can be combined with the extraction of this mineral. 

BBOVXBf aiAVOAiraBa. This is an all^ of copper, or one of the ordinary 
bronsee, and manganese, which is claimed by Mr. Farsons in a patent of February 7, 
1876. It appears, however, to be of a much older date, since we were shown specimens, 
said to ^ this alloy, in Birmingham, at least twelve years since, and we learn that 
Dr. Pbbct made it, and that it was submitted to the German silver manufacturers, as 
the alloy of nickel, without their detecting the difference. 

Mr. AiiBXANnBR Farkbs writes, in answer to my enquiry : — 

* 1 have many patents for the manufacture of manganese alloys dating through 
many yean, from 1848 up to last year, from which you will see my mind has been 
engaged on these manmnese compounds for more than twenty-eight yean ; and 1 have 
made sheets, wire, xw, tubes, nails, castings, spoons, and fsrks, and even a 4-lb, 
cannon, which was east solid, forged at a red heat, bored, finished, and proved with 
an excessive charge of powder, and double shotted, at the Birmingham proof house 
more than Vwmttj yean ago. My first patent for manganese alloys was tuen in the 
joint interest of Messn. EiJciifaToM, Masor, and myself in the year 1848.’ 

This compound metal is now made under the above patent by the * Writb Bribs 
C k»iiPAKT,’ and is introduced to the public as * Parsoms’ Mangauese Bronse.' 

The following ocoount of some experimental trials proves the very remarkable pro- 
perties of this alloy 

This new alloy is termed * Manganese Bronae.’ It is oompoeed of any ordinary 
bronse combined with manganese, which it appean has the effect of deaming the 
metal of all oxide, and rendering it very homogeneous and close gmined, even a 
eic^ ingot presenting a fracture ns fine and close grained as a piece of fteel ; 
the metal also possesses increased strength, toughnees, and hardness, whidh hitter 
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quality can be increaied very considerably. In colour it resembles good gun motab 
bat is of a rather brighter and more ^Iden hue. It can be forged at a red heat and 
rolled into rods or sl^ts and drawn into wire and tubes. The best results are ob- 
tained by using spiegeleisen or ferro-manganese in varying proportions, according to 
the requirements of the bronse. See SpiBOULBisBir. 

The ferro-manganese used with gun metal should be richer in manganese than that 
uaed with brass alloys, while that used with the bronse alloys may be between the 
two- and rAguUted as conveniently as can be by the proportions of tin and sine em- 
ployed. If little sine is used in the bronze alloy the ferro-manganese employed may 
be as rich or nearly as rich in manganese as in the gun-metal aUoys ; while if the zinc 
predominates the terro-manganese employed may be the same as or a trifle richer in 
manganese tlian that used with the braes alloys ; and if the zinc and the tin are about 
equal, the quantity of the manganese contained in the ferro-manganese maybe between 
that used fur the gun metal and that used for brass allo^. 

The ferro-manganese used to mix with the gun-metal alloys should contain foom 
about 10 to 40 per cent, of metallic manganese, while that us(^ to mix with the brass 
aHtjys should contain from about 6 to 20 per cent, of that metal, and that used for 
the bronze alloys should be between the two, according to the proportions of tin and 
nnc employed. 

In selecting the fenra-manganese it is desirable that it should contain as little silicon 
as possible , when spiegeleisen can be obtained of the best quality containing but a 
luiDuto quantity of silicon and from fi to 10 per cent, of manganese it will bo suitable 
to mix with the brass alloys, and it may even be used with the gun-metal alloys. 

Foito- manganese as now m.) nnfactured fur, and used in, steel works, rich in metallic 
maugaiiese, containing say from fiO to 60 or oven 70 per cent , should be molted in a 
erudbb) .indor powdered eliarooal, along with the requisite proportion of the purest 
wroughl-iron scrap, to bring down the quantity of the manganoso to any of the pro 
portions before named. Thus, supposing it is desired to employ a ferro-manganese to 
mix with liny of the alloys containing 20 per cent, of manganese, a ferro-manganese 
containing 60 per cent, of metallic manganese, and say 1 per cent, of silicon, is melted 
with wrought-iron scrap in the proportion of 100 of ferro-manganese to 200 of wrought- 
Irou scrap and a ferro-manganese containing the desired quantity of metallic man- 
ganese (20 per cent ) will be obtained, containing only one-third per cent, of silicon, 
lustwid of 1 per cent , and so on for any other proportions required ; not only this but 
a still further portion of the silicon is eliminated and the metal refined by the second 
melting in a crucible 

Six specimens of this ^nanganese bronze were submitted by tlie WHiTa Baass Com- 
pany for trial and tested at the Boyal Gun Factories tor tensile strength, elastic limit, 
and ultimate elongation. Those consisted of three cast specimens of different degrees 
of hardness, and throe from each of those forged at a red heat and drawn down from 
a cast ingot about 2^ in. square to a round bar 1 in. diameter, afterwards turned to 
gauge for the testing machine -633 in. diameter. 

No 1 cost— intended for coustructicn purposes whore strength and toughness are 
necessary— gave an ultimate 1 ensile strength of 24-3 tons per square inch, with an 
elastic limit of 14 tons and an elongation of S 76 per cent. No. lA, forged from the 
same metal as No. 1 was cast from, gave a tensile strength of 29 tons per equaro inch 
elastic limit 12-6 tons, elongation 31*8 per cent. No. 2 cast— rather harder than 
No. 1— tensile strength 22-1 tons, elastic limit 14 tons, elongation 6-6 per cent. 
No. 2a, forged from the same, tensile strength 28 8 tons, elastic limit 18 2 tons 
elongation 36 36 per cent. No. S cast -still harder —tensile strength 23-6 tons* 
elastic limit 16‘8 tons, elongation 8*8 per cent. There was a slight flaw in this 
specimen, which caused it to break with a less stmin, and to stretch less than it 
would otherwise have done. No. 3a, forged from No. 3, tensile strength 30-3 tons 
elastic limit 12 tons, elongation 20'76 per cent. 

This app^ to prove that No. 1 cast specimen is about equal in tensile strength 
ana elongation to wrought iron of average good quality, while its elastic limit isra^er 
uigher, for scar^ly any wrought iron will exceed ten or eleven tons, and ^1 the forged 
spMimens considerably exceed this, both in tensile strength and ultimate elongation. 

V * j** ®J®ply cast, even the tough qualities are harder than gun metal, possobsius 
awtt^oubte Its strength up to the elastic limit, and about 60 per cent, more ultimate 
strength, while at the some time it will bear more bending and hammering, and the 
hardw qimlitiM intended to be used when pressure and friction come into play ore 
eoimiiterably ha^er than gun metal. The forged specimens are about twice the ulti- 
metal and forged yellow metal now generally used for bolts, &c. 
tvi. ™ process of manufacturing thib metal are not yet made public by 

* ir Company. There is eveiy reason to believe that it coneists in adding 

m^iiic_^nganese in various proportions to selected varieties of ordinazy bzonse «r 

VOL, IV, V 
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brMi : oirtaiB it ii that there ii nothiiw occult about the poceee of manu&cture, and 
that manganeae brome may be regarm as a commercial article. The commercial 
nanuftcture of manganese hronse makes a step in the sdence and art in metallurgy 
of no small importance. 

We have been &voured by the Writs Bbass Comtant vith two tables, giving the re- 
sults of the experimental tests to which this new compound metal has been subjected. 


Six Speotmens o/Afangansse Brows rsoeiued from Mr. Pabsoks, at the Oun Faotorg, 
Woolufioht tested to ascertain their resistance to Tensioned Strain, 
Diameter of Specimen, *633 in. Length of Breaking Part, 2 in. 


Register 

Number 

Markon 

specimen 

Tons per square Inoh 

Elongation 
In 9 in. 

Remarks 

Yielding 

Breaking 


4,766 

1 

140 

24*3 

•176 

Cast in metal mould 

4,767 

lA 

12-6 

29*0 

•636 

„ „ and forged 

4,768 

2 

14-0 

22*1 

•11 

4,769 

2a 

18-2 

28-8 

•707 

„ „ and forged 

„ „ slight flaw in 

specimen 

4,770 

3 

10-8 

23-6 

•076 

4,771 

3a 

12-0 

30-3 

•416 

„ „ and forged 


Table shotuing the results of experiments on the transverse strength and toughness of 
bars of mangemese bronze as compared with wrought-iron and gun metall made by 
dropping a weight on the middle of the bar resting on supports at each end. 

Weight of monkey 60 lb. 

Height of fall ......... 6 

Distance between supports 1 foot 

Dimensions of bars . . . I inch square, 14^ inches long 
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RMMA»KM.^Wrouffki Irm, The m^mene wece all Staflhrdihiro iron. No. 1 wae 
ordinaij, No. 3 was beet mitre, and No. 8 wae beet e.«. iron. 

€hm ifeto^->The epeoimexie Noe. 1, 8 and 3 were of the qnalitiee ordinarily enpplied 
by bmee fbonders, and need generally in the nrorke of engineere and machiniete ; Noe. 
4 and d were caet apecially, and compoeed of copper 16 parte, and tin 2 parte ; No. 6. 
of copper 16 parte and tin 2^ parte by weight, the copper beet eelected, and the tin beat 
English. 

jftmpancM Nr<nue.-~The epecimene Noe. 1, 2 and 8 wen of No. 1 quality, intended 
for nee whtfe etrength and toughneae were required. No. 4 of No. 2 quality, for uee 
where hardneea, etifibees, and reeietunce to wear and abrasion were requi^. The 
forged epecimens were of tlie quality aupplied for bolta, nute, forginge, &e., having 
strength, elasticity, and toughness. No. 6 was ae it left the forge. No. 6 was an- 
nealed. 

BKOirZB, nomwmOM* (Vol. iii. p. 564.) I^nce the do^ption given in the 
volume referr^ to wae written, a considerable amount of attention has been given to 
the combinations of phosphorus with copper and bronze. Attempts have been made 
to prove that the cutting tools of the ancient Mexicans and Peruvians, which were 
generally of copper, and which were remarkable for their extreme hardness, were made 
from an alloy containing phosphorus. This appears somewhat doubtful ; but it has 
been proved that the addition of a small percentage of phosphorus to Imnze is capable 
of increasing its hardness to an extraordinary extent And not only is the hardness 
of the alloy heightened by this admixture, but its power of resisting the repeated 
applications of strain is also greatly enhanced. 

It appears, as the result of some experiments made in Berlin, that while a bar of 
ordinary bronze was utterly incapable of bearing a strain amounting to 10 tons per 
square inch, a bar of phosphor bronze bore this strain applied as tensile 408,230 times 
before giving way. A second bar of the same phosphor bronze actually withstood 
147,880 appliciitions of a load of 124 tons to the square inch without fracture. 

With regard to transverfco strain, bars of phosphor bronze have been subjected to 
1,260,000 deflections with a load of 0 tons per square inch without any signs of dete- 
rioration. The amount of phosphorus required to effect this change is only about i 
per cent. 

This alloy in its application to rolling mills and for tuy&res for blast furnaces 
was sent by the inventors, MM. MoKruFioau-LBiB and Dr. KuMsaL, to the Vienna 
Exhibition, and also a collection of models illustrative of its application in artillery. 
M. Giltjjbaux, of Charleroi, and M. Blondiaux, of the Thy-le-Chdteau Society, have, 
from the first production of the alloy, employed it in the construction of rolling mills, 
and the following aro the results of three years' experience : — 

This bronze bus been employed for the great bearings of plate and general rolling 
mills, and for conical gearing in universal rolling mills. The motive power of the 
steam-engine that drives the rolling mills in which it is used, is of IfO-horse power to 
200-hor3e power, and the sp^ of the rollers about sixty revolutions per minute ; the 
engine drives a sheet-iron mill, a universal mill, and a rough shaping mill, and is not 
at a standstill for more than an hour and a half in the twenty-four. The rollers are 
1'90 millimetre long, and 0'62 millimetre in diameter, and weigh five tons. It was 
found that the gear, when mode of hard cast iron, brolm frequently ; these were &8t 
replac^ by wheels of ordinary bronze, and finally by phosphor bronze. The duration 
of ordinary bronze wheels dia not exceed, on an average, five months, while those 
made of phosphor bronze wear for about nine months. 

M. ^ONDiinx has applied phosphor bronze not only in the making of pinions, but in 
the driving axes of mills, with great advantage ; in the latter case superiority 
seeming to depend not in the hardness but in the very great resistance of the alloy, 
the arbres in phosphor bronze twisting much less than those made of forged iron, and 
not being liable to break like those of cast iron. 

A great variety of objects hitherto manufactured in iron and steel are now cast in 
phosphor bronze, and in many cases they require only a polish to make them ready for 
use; besides which they do not corrode, as articles of iron or steel do. The great 
fluidity, compactness, and fine grain, as ^so the beautiful colour of the metal, recom- 
mends it for deeo^tive art, and the perfection of the castings greatly reduces the cost 
of chasing and finishing. This alloy stretches more than cojimer or any of its ordinary 
comTOunds, and plates have been r^uced, by a single cold rolling, to one-fifth of their 
thi^esa, the edg^ tremaining perfectly sound and without crack. 

By onier of the Piuseian Ministry of Commerce, experiments have been made with 
the various kinds of phosphor alloy, the object of which was to ascartain the resistance 
of the metal to repeatedly applied strains or pulls, and also to bends of a given force. 
The flx^ bar fixed on the stretching machine resisted 408,280 polls of 10 tons pat 
square inch, while a bar of ordinarybronzs broke before even the strain of 10 tone pet 
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tqnare inch had been attained. Another bar withetood 147,860 pulls of 12^ tons 
per square inch. Still more faTouiable results have been obtained on a machine by 
irhidi the test bar was bent as often as 40,000 times per day/ la this instance it 
resisted 862,980 bends of 10 tons per square inch, while the best gun metal broke 
after 102,660 bends of the same force. Another bar which wSs being tested with- 
stood 1,260,000 bends of 0 tons' force per square inch, without showing any signs of 
weakness. 

It has been repeatedly stated that one great advantage of this phosphor bronze, 
was that it would not emit sparks. And we believe tools for the use of the gun- 
powder works have been made from it. It has, however, been proved that this alloy 
does emit sparks when subjected to sharp friction or violent percussion. 

A series of conclusive experiments were made in one of the workships of the Royal 
Gunpowder Factory, ’Waltham Abbey. These experiments were conducted after 
dark on the evening of October 26, 1874, in the presence of Colonel Younohusbanu, 
Major Majbndib, Major Mono ak, and others, but they have been published only recently. 

^ring each experiment the gas was extinguished, leaving tho room in total dark- 
ness, so that the least spark could bo readily distinguished. The numenvls distin- 
guishing the different samples of phosphor bronze experimented with indicate different 
alloys, No. 2 being the softest and No. 8 the hardest, and the results are recorded 
exactly as they were noted down after each exponmont. 

The results obtained sliow that copper, gun metal, and pliosphor bronze are all 
liable to emit sparks, or as it is commonly called, ‘strike fire,’ when subjected to a 
certain description and degree of friction, the degree of liability appearing to vary 
with the different alloys and frictional surfaces. So far as they went, these experi- 
ments appeared to indicate that the harder descriptions of phosphor bronze emit 
sparks less readily than the softer samples, and less readily than ordinary bronze, or 
even than copper. The nerative results obtained in some examples can hardly be 
safely accepted as conclusivdy establishing the absolute non -liability of the various 
metals employed to * strike Are ’ under the conditions described. Wit h n slight varia- 
tion of those conditions, it is not impossible that sparks would bo obtained. 

The real value of these experiments consists in tho positive evidence which they 
furnish as to the somewhat unexpected readiness with which, under certain conditions, 
sparks, and even a stream of sparks, more or less continuous, mny be obtained by 
friction from such metals as copper, metal, and phosphor bronze. This result 
can hardly fail to possess a practical interest for manufacturers of gunpowder and 
other explosives, and for persons who are called upon to deal with and handle these 
substances. At the same time, these experiments, as might have been anticipated, 
bear ample testimony to the voiy great superiority of copper, gun metal, and phosphor 
bronze to iron and steel, in regard to the liability to ‘ strike fire.’ 

In one Series, a * free grit ’ stone of the same description as is used for sharpening 
small tools and razors, G in. diameter, revolving 1,220 revolutions per minute, travel- 
ling 2,079 ft. per minute, was supplied for these exporiments, the material experi- 
mented with being in each case applied firmly to ihe revolving stone and held 
against it for about half a minute. The first experiment was with No. 2 phosphor 
bronze, which occasioned sparks, and sometimes a stream of them. In experiment 2 
on No. 2, phosphor bronze, the sparks amounted to a small feeble continuoim stream. 
In experiment 3, on a thin gun-metal knife it gave a few sparks, but no continuous 
stream, and nothing like No. 2. In experiment 4, on a gun-metal lever of stouter 
section and altogether harder than the knife, there were numerous sparks, and at 
times a slight stream, but not quite so bad as in No. 2. In experiment 6, on ran- 
metal ingot, for making bolts, &;c., good castiug, there were a few sparks, but chiefly 
a continuous feeble stream, but only the cast surface was applied (see No. 10). In 
experiment 6, on ^n-metal ingot for making bolts, &c., but a rotten casting, there was 
^ a considerable uninterrupted stream of sparks quite as bad as in No. 2. In experi- 
ment 7, on No. 2 phosphor bronze, a feeble stream was nt first obtained, but not so 
bad BB No. 6. In experiment 8, being No. 7 repeated, one or two faint sparks only 
were obtained. In experiment 9, being No. 6 repeated, a continuous and lively 
stream of sparks was obtained, it being the worst result up to this point. In ex- 
periment 10, being No. 6 repeated, but applied only to the strictly metallic sn^ce, 
there was a strong stream of sparks, occasionally interrupted, but generally con- 
tinuous. This was about as bad as No. 0. In experiment 11, on No. 4 phosphor 
bronze, some veiy strong sparks were obtained, and at times almost a succession, but 
generally rather of the nsture of a prolonged spark. ^ experiment 1 2, on No. 7 
phosphor bronze, one or two strong sparks were obtained, hut no indication of a 
continuous stream; in fact, less than in No. 11. (This is the alloy usually employed 
for the tools and fittings of gunpowder works where phosphor bronze is used.) In 
experiment 18, on No. 8 phosphor bronse, so hard that it can be used to chisel boid 
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beeoli, only ono faint spark vas obtained. In experiment 14, on enn-metal i^ot, 
the same as employed in No. 10, a considerable sacoession of sparks was obtained, 
but not quite so bad aa.in No. 10. In experiment Ifi, on copper sheet, about ]|th of 
an inch thick, for press plates, &c., an intermittent stream of small spoiks was 
obtain^. In experiment 16, on gun-metal casting, for the edge of a press plate, 
3 sparks were obtained. In experiment 17, on a wrought-iron rod, a bright con- 
tinuous st^m of ^ was obtained, and the sparks flew 6 inches or more in some 
caW. The light was very bright and intense. In experiment 18, on hardened steel, 
being a file, there were brilliant coruscations. 

In another Series, a cast-iron cylinder 6 inches in diameter, and revolving at 1,220 
revolutions a minute, was substituted for the ‘ free grit ' stone. In the first three 
experiments on Nos. 2, 7, and 8 of phosphor bronze there were no sparks. In ox- 
poriment 4, on a gun-metal ingot, tnere were no sparks. In experiment ft, on a 
copper sheet ^th of an inch thick, there were no sparks. In experiment 6, on a 
wrought-iron rod, there was a brilliant stream of fire. In experiment 7, on hardened 
stoel, there was a bnlliaiit and rapid flow of sparks. In Series C, a gun-metal 
f*}liiider, 8 indies in diameter, and revolving at 1,626 revolutions per minute, was 
substituted for the iron cylinder. In all the experiments, seven in number, conducted 
on Nos. 2, 7, and 8 phosphor bronze, on a gun-metal ingot,* a copper sheet, wrought 
iron, and steel, there wore no sparks. 

To the above, as especially interesting, may be added a table, recently issued by 
the Piiosi'iioR Brokzb Costpamt, showing the results obtained with experiments on 
axle bearings in Germany, and publidiod in the PoHteehnisohes CentralblaU of 
January 1, 1877 : — 





1 kilo bearing Metal 
Buna 

If 


Kind ot Bearing 

ComiviBitu'in m 
ion parte 
alloy 

I 

1 

j 


S.P 

ill 

!*s 

|ii 

i“ 

Names of Railroads 
whore nsed 

Qun Moial . 

83 copper, 17 tin 

marks 

12,052 

90,890 

grama 

«p. gr. 
0-801 

Austrian Railway 

White Metal' i 

82 copper, 18 tin 

260A 

18,320 

99,900 

lOiSa 

0’260 

Grand Central Beige 

S copper, 90 tin, 

7 antimony . 


9,104 

78,260 


0>896 

Anstrion Railway 

»» ff • 

6 copper, 80 tin, 
10 antimony . 

208^ 

11,700 

88,140 


0-881 

Niedersohleriaoh- 

liead CoupoBitlon 

84 lead, 16 anU- 
mony 


10,338 

81,280 

It 

0-140 

MUrklBohe Bohn 
Austrian Railway 

PhoRphor Bronze 

850 

07,226 

429,200 

0-081 

Grand Central 

Gun Metal on 
brake can 

82 copper, 18 tin 

260* 

1 

1,218! 

‘9,184 


8-844 

n II II 

Phosphor Bronze 
on brake oara . 


800 

14,320 

107,410 

1 

bw 

It II 19 


We must acknowledge oiu obligations to Iron (January 9, 1876) fbr the above 
report of the experiments with phosphor bronze and other metals. 

At the phosphor-bronze works at Yal-Benoit, Li4ge, pit ropes have been made 
entirely of this alloy. They are said to have the advantage of offering great resist- 
ance to strains of tra^ion, and being very pliable and inoxidisable, and of resisting 
auy attack of corrosive wati*r (?) ; they also preserve their pliability after wear. 
These phosphor-bronze ropes are used in Belgium at the Bois-du-Duc, Horloz and 
Couroelles, Nord, Collieries. (February 1877.) 

■BOirUS, JAPAVBBB. M. E. J. MauMBNi brought before the Aeadimis 
des Sciences, on April 19, 187ft, the following as the results of his analytical examina 
tioD of four dii&rent bronzes f^m Japan. (See Tables on next page.) 

The importance attached in Japan to tho manufacture of bronzes, which are used 
by that people not only for ornamental works of all kinds, but for culinary utensils 
and for machinery, rendexf this examination of much interest. 
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Composition 

I. 

11. 

UI. 

IV. 

Copper 

86-38 

80-01 

86-70 

92-07 

Tin 

1-04 

7-56 

2-58 

1-04 

Antimony .... 

1-61 

0*44 

010 

... 



6-68 

6*33 

3-64 

... 

Zino 

3-36 

8-08 

8'71 

266 

Iron 

0-67 

1-43 

1-07 

8-64 

Manganese .... 

... 

trace 

... 

... 

Silica 

0-10 

1 016 

0 09 

0-01 

Sulphur 

... 

0-31 

... 

... 

liOSS 

0-26 

1 0-79 

0-21 

0-36 


M. Mauiikks) considers these broosee as the direct result ot the use of copper 
pyrites and astimonial galena mixed with blende. 

Professor KALiscHBR,of Berlin, has published his analyses of four Japanese bronzes. 
The following is the composition of each : — 


Oompoblilon 

r. 

11. 

111. 

IV. 

2r 





0677 

51-10 

76-60 

11-88 

76-63 

12 29 

Silver 





0 08 

48-93 

... 


Gold, 
Zinc . 





410 

0-12 

6-63 

6*68 

Tin . 






... 

4-38 

4-.36 

Iron . 







0-47 

. 0-83 


The first, which contained much gold, hud a light red colour, with a bluish black, 
lustrous j^atina on one side. The second, which contained silver, luid a grey, almost 
silver white colour, with a slight shade of yellow. 111. and IV. resembled brass in 
colour, and were, as the fibres show, almost identical. Externally they w^re exactly 
alike, except that one had a fine crust outside which gave it a duller look tlian the 
metal itself. They differ from our bronzes in having so much lead in them, and the 
amount of zinc in the latter is generally much less. 

In 1866 n. PuMFBLLY published the composition of a number of Japanese alloys, 
which showed the greatest conformity uith the above. A native worker in metals 
allowed Fdmpblly a glance into the preparation of the metals, which is generally 
kept secret, and he described, under the name of ahukdo, alloys of copper and gold in 
wliich the quantity of gold varied from 1 to 10 per cent. They have a bluish black 
patina, which is produced by boiling the metal in a solution of sulphate of copper, 
alum, and verdigris. Oinahibuichi is the native name for an alloy of silver and copper, 
in which the amount of silver varies between 30 and 60 per cent. When boiled in 
the above-named solution, the alloy acquires a gr^ colour much admired by the 
Japanese. The name of Karahaue is given to a sort of bell metal, consisting of copper, 
Bine, tin, and load. 

Brokzbb and Brass. — Our trade during 1874 and 1876 in brasses and bronzes was 
as follows: — 


Brass, Manufactures of, not being Orcfwflwcc.— E xports. 


Countries 

1874 

1875 

ewts. 

Value 

owts. 

Value 

To Aussia 

4,377 

£28,220 

8,776 

£26.498 

„ Sweden and Norway 

3.281 

17,796 

4,436 

26,496 

„ Denmark .... 

1,821 


1,608 

10,019 

„ Germany .... 

28,710 

229,118 

7.808 

48.468 

„ Holland , . . . 

13,697 

78,166 

17,986 

91,278 

„ Belgium .... 

8,986 

21,464 

8,629 

19,687 

„ France 

1,130 

9,64S 

981 

9,060 

„ Portugal, Azores, and Ma- 





deira ... 

1,001 

10,119 

1,682 

7,881 

„ Spain and Canaries 

4,766 

26.600 

6,032 

24,944 . 

H Italy 

3,493 

17,846 

6,367 

80,614 
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Countries 

1874 

1876 



owts. 

Value 

To Turkey Proper . 


£25,407 

3,886 

£18,928 

!! .Western Africa (foreign) 

8,008 

37,533 

4,046 

18,269 

4,992 

24,295 

8,293 

14,669 

i, Foreign West Indies . 

„ China 

847 

4,206 

1.785 

id, 873 

... 


„ Braeil . . . • 

„ British PoBSOBsions in South 

610 

3,763 

1,474 

7.968 

Africa .... 

„ British India, Bombay, and 

1,018 

9,887 

1,289 

7,268 

Scinde .... 

2,107 

12,000 

2,103 

11,306 

„ Madras .... 

137 

847 

378 

1,971 

„ Bengal and Burmah 
„ Straits Sottlomonls 

2,208 

14,567 

3,159 

17,770 

1,691 

7,816 ! 

2,528 

11,820 

„ Australia .... 

3.764 

20,786 

6,285 

88,810 

4,597 

„ British North Amoricii . 

628 

3,401 

761 

„ Other Countries . 

6,011 

37,013 

6.948 

87.587 

Total 

101.760 

669,075 1 

90,033 

480,985 


BroR&t Brome, anc/ Meial Bronzed and Lacquered , — Imports. 


Conn tries 

1874 

1876 

cuts. 

Valno 

cwts. 

Value 

From (Jeriiiany .... 

„ Holland . 

„ Franco .... 

„ Japan 

„ United States of America . 

,, Other Countries 

1,372 

563 

2,975 

1,310 

4,606 

1,364 

£8,779 

4,048 

46,672 

4,967 

30,932 

7.664 

1,528 

786 

8,362 

8, '887 
839 

£31,281 

6,088 

60,078 

87,206 

2,762 

Total . . . 

12,040 

111,942 

0,841 

107,450 


BKYOZSnr or BBBZBZir. RetiiaB soparated by Bauf and Fbibbus from 
gum elemi. Bryoidiu melts at 135° G., and sublimes. The crystals are anhydrous; 
Roluble in alcohol, chloroform, ether, acetio acid, glycerine, and essential oil of elemi. 
These crystals gave on analysis 

SKnrBWZCX B&AOX or JAVJkW BBJLOX. (Japam Lacquib, Japammino, 

Tol. iii. p. 7 ; Lacqurr, toI. iii. p. 32.) Considerable secrecy is observed res^ting 
the manufacture of these lacquers or varnishes. The Japanese excel in the production 
of those varnished surfaces, and hence the name of * iapanning’ has been adopted. Both 
mineral and vegetable asphalt are said to be employed in the manufacture, but the 
existence of the latter is open to doubt. Under the term * bitumen ’ are included several 
distinct species, the most prominent being naphtha and osphalttim. For the above 
blade varnish, however, some of the many varieties of asphaltum are employed. The 
solid black and brownish black asphaltum is preferred to any other by the manu- 
ihetnrer. The asphaltum of Dalmatia is selected for the best varnishes, and by some, 
especially French manufacturers, the bitumen of Judsea is muoh emploved. The 
pitdi of the pitch lake of Trinidad has also been much used for these black l^uers. 
Whatever variety is selected, it is broken into small pieces and dissolved in some 
essential oil, as turpentine, or, still better, in naphtha, and for the common kinds in 
some fixed oil. Whichever may be employed, considerable heat is necessary to effect 
perfect solution, and not unfirequently some pressure is used. 

Some manufacturers mix the asphaltum with silicious sand, powdered quarts, or 
powdered glass. This is to prevent the asphaltum firom flowing into a mass at the 
bottom of the vessel. 

When any of these insoluble substances are used, the mass admits of being stin^ 
and consetmently the solution of the pitch is more rapidly effected. In a recent trial, 
Biosn «. Dickimson, it was sought to be proved * that there was such a thin^ as 
vegetable gum asphaltum, and that such aspWtum was used in making the varush* 









108 BUTTBRBINB, AND BUTTBR, ARTIFICIAL 

{Lofd JtutioB Jamtift Jitigment^ Court ofAppeal^ Noyember 20, 1876). It does not 
app ear wha t yariety of 'gum/ as rt was called, was employed. 

BVTTSB. Haobr and Evkstmakk state that a p.ire butter may be distinguished 
from adulterated butter by moulding the sample, in small pieces, around little cotton 
wicks, lighting the wicks, allowing them to bum fairly and fhlly; then to extinguish 
the flames and examine the odours eyolyed. — Chtm. Centr, 1876. 

svmuiira, and BVTTBB, ABTmOSA&. Under the name of * butter- 
eine ’ a new preparation has been introduced in America, which has bjwn attracting 
some attention. It is the iiiyention of a Mr. Bunn Smith, of San Francisco, and from 
his own description we abstract the following : — 

It is made by subjecting milk, in connection with a bwe of prepareil butter, to 
* chemical action and mechanical agitation, by means of which the cum is precipitated 
and the oily globules arc burst and gathered together to form butter.’ In preparing 
the buttereino, it would seem to be essential to have the base of prepared butter. This is 
obtained in the following way. The inyentor procures an earthenware cylinder with 
zinc coyer, the upper lid being perforated to permit of the escape of steam. These 
zinc covers are coated with saltpetre, an operation which maybe performed by heating 
a quantity of the salt in a kettle and exposing the cover to the steam jot from the 
ppout. when thus prepared, n quantity of good sweet butter is plncod in the cylinder, 
packing it loosely so as to have a space at the bottom, .ind the cylinder is then set in 
a pan containing an aqueous solution of salt at 98° Fahr., suflicient in quantity to 
make the depth about a quarter of an inch. The cylind«*r is now to be revolved, and 
upon one of its sides a jet of steam and on the other a blast of air are dire(‘ted. This 
operation is to be continued until a ‘ certain oil,’ which would interfere with the after 
processes, is extracted, five minutes being occupied in extracting the oil (about 1 oz ) 
from I lb. of butter, leaving the latter in the state required for the successful pre- 
paration of the buttereine. To 1 lb. of this prepared butter the yelks of two eggs are 
to be added, when they have been well beaten and mixed with sufficient lukewarm 
water to enable them to be readily strained. The yolks are for tho purpose of ob- 
taining a settling action in the milk, and a consequent accumulation of butter in a 
mass when the churning is in progress. 

The churn is taper in form and is of ordinary tin plates, but the bottom is a con- 
cave zinc plate with its concavity inwards, the lower edge of tlie body forming a 
perforated flange. The upper part is fittod with a rim, having a lip oxtondiug down- 
wards, so as to fit into the upper part of tho honter, thus forming a chamber, in which 
the steam and heat are retained. A suitable cover, and a dasher provided with spiral 
or inclined holes, complete the parts of the churn proper. The prepared ' base ’ of 
butter is placed in this chum, principally at tho bottom, but tho sides may also bo 
coated by rubbing it over them with the band. Previously, however, to placing the 
' base ’ in the churn, the heater should be {irepared. It is merely a cylindrical vessel 
of zinc, coated with saltpetre in a manner similar to that described in connection with 
the zinc covers in the preliminary operations. A tablespoonful of saltpetre is then 
dissolved in two gallons of water and boiled down to one, which is then poured into 
the heater, a teaspoonful of salt added, and the whole well stirred, tho tem- 

peratiure has fallen to 110° Fahr., tho milk (one gallon to tiie quantities above named) 
IS to be poured into the chum, which already contains the prepared butter and egg 
yelk, and the churn placed in the heater containing the warm solntion of saltpetre. 
The dasher is thon to be worked in tho usual manner for about a minute, more or less, 
according to the quality of the milk, when the churn may be removed and placed 
the cooler. This cooler is made of zinc, and its interior is coated with saltpetre as 
before described, and it should contain about a gallon of cold water in which a table- 
spooufnl of salt has been dissolved. The dasher is again ojierated for about half a 
minute, when it will be found that the milk has entirely disappeared and a compound 
lias been produced resembling fresh butter in appearance and taste. The compound 
thus formed from the milk consists mainly of curd or cheese and butter, and when 
once mode, a portion of it may be used in producing a further quantity of buttereine. 

Several processes for the manufacture of artifiM butter have been recently intro- 
duced. Mr. Brhwbr patents on behalf of M. E. Pidbbichsxk a method of mairing 
aitiflcial butter, which is thus described ; — 

The tellow or other fatty matter is first washed in cold water, cut into pieces, and 
placed in a wooden vessel, and melted by means of steam heat. A solution of soda of 
1 per cent, by weight is then added, and the fat well boiled, similar quantities of soda 
solution being subsequently added, and the whole boiled two or three times if neces* 
sary. The mixture is then to be boiled again in pure, water and strained through 
flannel. Wlien the temperature has fallen below 144° Fahr, it is placed in the churiif 
and during tlie churning 2 per cent, of fine oil and from 3 to 4 per cent, of buttermilk 
or sour milk is to be added. In about a quarter of an hour the so-called butter wili 
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appear, irhich is to be remoysd and kneaded in eold water, and otherwise treated as 
ordinal^ bntter. 

Mr. &PKTNS, of Tipton, has also patented a method of making an artificial batter 
‘possessing the smootlinesa on the palate peculiar to real batter,’ and in a great 
measure also its fiavonr. Beef, mutton, or pork fat, or mixtures of them, is melted 
by eteam heat in suitable Teasels, and after allowing time for settling is drawn ofiT to 
fool; At a raised temperature it is submitted to hyaranlio or other pressure in order 
to sejiarate the oleine from the stearins. Thu oleine is subsequently melted 'and 
suddenly reduced from a comparatively high to a low temperature, with violent agi- 
tation in water and salt, to which a little soda has been added. 

In defence of this process, it has been somewhat ii^eniously said : 'Knowing, as we 
do, the composition of the various fatty bodies entoring into the composition of butter, 
and having it in our power to prepare tliese in a pure state at a comparatively low 
price, we might cortamly turn our attention to the production of a compound which, 
although it might not be gifted with exactly tho same physical aspect as the real 
article, yot which should possess the same essential properties of tosto, smell, and 
gereral nutritive effects, at a price such as would place an abundant supply within 
the reach of all. The palmitatos, tho oleates, and the stearates of glycerine can now 
be obtained cheaply in a state of purity ; thefiavouring principles such as tho glyceric 
c( impounds of butyric, caproic, and similar acids can also be cheaply prepared from tho 
products of the distillation of coal tar and similar substances, fciurely there is room for 
experiments in this direction — and if bo who can induce two blades of grass to grow 
wlioro formerly only one appeared, is a benefactor to mankind, he who will liberate milk 
from the dram entailed upon it ]>y tho production of butter, and who will yet produce 
a good butter uf uniform quality and comparatively low price, will be none the less so.* 

The sul joct certainly merits attention: complete ana exact analyses, leading to a 
determination of tho amounts and nature of the inorganic bodies which exist in small 
proportions in good butter, and which probably influence its nssimilability, are requisite ; 
for it would certainly appear that tho presence of even infinitesimally small quantities 
of fluorides, phosphates, and other salts, influence the effects of food on the system, os 
these small doses being repeated for a lifetime must have an effect eventually. 

A large stcarine c.indlo manufactory m Marseilles is, it is said, turning out many 
tons weight of a substance known ns grame ahmentavre and beurre faoUot, This 
margarino is niso manufactured in Glasgow, and it is said to be sold mix^ with 
butter as the pure produce of tho daily. 

Of Butter our have been — 



1874 

1870 1 

To Portugal ...... 

„ Brazil ...... 

„ Gibniltar 

„ Malta 

„ British Possessions in South Africa . 

„ British West InJia Islands and 

British Guiana .... 

„ other Countnes .... 

Total 

cwt. 

21,396 

6,476 

2,754 

1,013 

1,523 

4,197 

3,299 

£ 

132.552 

52,065 

16,498 

6,489 

8,573 

22,924 

20,280 

cwt. 

22,014 

5,390 

3,287 

1,268 

1,607 

2,316 

3,494 

£ 

137,191 

84,935 

19,035 

7,170 

7,740 

13,709 

20,601 

42,686 

269,331 

89,266 

240,281 


While our Imports for the same period were as follows : — 



1874 

1870 1 

From Sweden 

„ Denmark ..... 

„ Germany 

„ Holland 

„ Belgium ..... 

„ France 

„ Uni^ States of America 
„ British North America 
„ Channel Islands 
,1 other Countries 

Total 

owt. 

28,292 

226,053 

185,027 

851,606 

76,728 

718,261 

86,307 

60,282 

7,268 

£ 

188,070 

1,863,483 

767,191 

1,877,766 

465,617 

8,944,288 

188,769 

269,362 

35,696 

owt. 

27,939 

206,171 

108,878 

367,106 

79,960 

667,660 

40,831 

73,986 

4,262 

1,087 

£ 

169,711 

1.276.870, 

648,006. 

1.917,910 

499,028 

8,387.219 

206,900 

870,221 

24,644 

8,676 

1,619,808 


1,467.870 

8,602,084 
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BUTIum One of the hydrocarbone, the knowledge of which ie 

inoomplete. See 'Watts's Viotiomry of Chmiatry, 


c 

OABMZVK. (Vol. i. p. 670.) Blowpipe Reaction . — When cadmiferous einc 
Ores, or fhmace products derived from them, are treated in powder, with carbonate of 
soda on charcoal, the characteristic red-brown deposit of cadmium oxide is formed at 
the commencement of the experiment. Professor Chapman, in his paper on this 
subject {Philoeophioal Magazine^ December 1876), gives some minute directions lor 
avoiding any error arising from the presence of arsenic or antimony. 

OJBSIVM. (Vol. i. p. 670.) It is stated that csesium was detected in the hot 
spring of Clifford Amalgamated Mines, in Gweunass. Cornwall. The water was said 
to contain 1-71 part of chloride of ceesium to a million parts by weight — or 0-12 in 
n gallon — which is about ten times the quantity found in the Diirkheim water. — 
Cmonel Vonx, Chemical Society’s Journal (2), x. p. 276. However this may have 
been, we are now entirely cut off firom this supply. At 235 fathoms from the surface, 
in that part of the above mines which was lormerlv known as the United Mines, a 
vast outflow of water occurred, the temperature of which varied from 120® to 126° P. 
This was analysed by Dr. Allan Millbb, and found to contain large quantities of 
lithin, and in association with this Colonel Yonx found tho chloride of emsium. These 
mines have been abandoned for some years, and are now filled with water to the adit. 
Mr. John Arthur Phillips found lithium in a hut spring issuing from the bottom 
of Huel Seton copper mine, near Camborne, in Cornwall. It is not impu)bable but 
that emsium may be found in tliat water. I^nstadt detected caesium and rubidium 
in sea water and in sea weed. 

Caesium is obtained principally from lepidolite. For the chemical processes used 
by Stolba and by Lecou bh Boisbaudran, see Dtettomry of Chemistry^ by Hrhky 
Watts. 

CA&4LVBIUTa. A mineral, accompanied by quartz and sylvanite, found at 
Bod Cloud Mine, in Colorado. A specimen analyst by F. A. Gentu gave — 


Au 


Te 

Cu and Fe 

40*69 

2*24 

67*67 

trace » 100*60 

39-76 

2*66 

67*68 

„ « 10000 


OAXiOAlUBOirS AliABASTBltf from Mexico. This material is known in 
commerce as the Onyx of Secali. It varies in colour from milk white, yellowish white, 
to pale greei^ certain samples displaying brown veins shading into led. It takes a 
fine polish. Its specific gravity is 2*77. It is readily and entirely soluble in nitric 
acid. Its composition is — 


Carbonic acid 43*62 

Lime 60' 10 

Magnesia ] -40 

Ferrous oxide 4'10 

Manganous oxide 0*22 

Water 0*60 

Silica . . traces 


09 94 

M. A. Damods, Chemical NewOt June 2, 1876. 

OA&onm for roasting Ttn, Copper, and other Ores. This caleiner, the in- 
vention of Dr. Bobrrt Oxland and Mr. John Hocking, jun., is being lar^y used 
in Ctomwall and Devonshire, and especially for those pyritic minerals which contain 
arsenic. 

This calcining furnace consists of an iron tube, about 3 ft. 6 in. to 6 ft. diameter 
and 30 ft. long, lined with fire brick. It is set horizontally at an indination of from 
a i to 1 inch per foot, varying according to the nature of the ores to be operated on. 
On the outsiae, and fastened to it, are three iron rings, on two of whidi the tube 
travels over two pairs of rollers, by which it is suppoi^. On the third ring am 
eogs, by which rotary motion is imported from suitable machinery. The fire pMsei 
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fh)xn the fireplace, over a chamber into and through the tube, and on into fluea 
corered for a short distance with iron plates. 


on which the damp ore is dried, before it » 
admitted in a regular steady stream, through 
a feed pipe into the back end of the tube 
The slow motion of the tube, about one 
reyohition m four minutes causes the steady 
advance of the ore by its own gravitation 
As It undergoes combustion, sulphureous 
and arsenious acids are evolved so that the 
ore is not brought into the stronger heat until 
those constituents whicn cause the tendency 
to crust have been driven oflf, and it is conse 
(lueutly preserved in a fit condition for the 
ompletion of the oxidation of its metallic 
cjnstitueuts as it is advanced nearer the fire 



In the interior of the tube are projecting 
lodgtH uhich lift the ore iir some distance 
al ove the sole of the ihmnoe, and then project 
t through the pissing stream of heate<i gases 
Ihis constant porpeiidicul ii rev oh mg motion 
H of the gronte-jt importance as every partifl 
cf the ore is kf tt mcessat tty in mutiun and is 
thereby brought into contact with the oT 3 gen 
of tho he it d gaaos passing through the fur 
nace The calcined ore is discharged in a 
continuous strenm int i the chamber between 
the fireplace and tho fiont end of the tube 
The whole arrangement may I o understood 
1 y ref rence to the annexed drawn gs of a trans 
verso section of tho tul 2270) anclalongitu 

diual section of the whole apparatus {fig 2269) 
Great economy of fuel is eflfected bv this 
furnace inasmuch as the bent evolved by the 
comlustion of tho sulphur and arsenic is 
rendered avaibiUe to such an extent that fuel 
18 required onlv f r the completion of tlie 
operation and if tho ore contain 12 per cent 
ol arsenic and about the same quantity of 
sulphur no coed is required after the furnace 
IS brought up to hill heat 

The product ol tamed contains only traces 
of arsenic with 1 or 2 per cent of sulphur , 
or if desired the calc nation may be so 
managed as to dm off all the arsenic but 
leave nearly all the sulphur in the ore 

When arsenical ores are treated in the fur- 
nace the evolution of the araonious acid at a 
minimum temperature— os effected by avoiding 
the use of fuel — is a matter of great import- 
ance as the rapidity and effectiveness of 
condensation of white arsenic is obtained with 
a much less expensive system of condensing 
ilhes than such as is usually employed 

The labour required is limitra entirely to 
the maintenance of the fire, the supply of the 
raw material, and the removal of the calcined 
product One man and two hoys can work 
two of the calciners of the largest size 
The great advantages of this furnace con- 
sist— in Its simplicity of construction, and 
consequent low jmme cost, in its durability 
and small expense for maintenance, in its 
eificienoy and rapidity of action , in its economy 
of fhel and labour , and in its non liability to 
derangement, as none of the working parts are 
exposed to the action of the fire. 
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At Devon Great Ooneole, throe of these furnaces are at work, one of 6 ft., and the 
other two 3' 9" outside diameter, The larger one turns out 26 tons of ore per diem, 
each of the other two 15 tons, making together about 66 tons per diem. The ore 
operated on contains 12 to 16 per cent, arsenic, anc^ about the same quantity of sulphur. 
It is crushed to pass through a 4-hole sieve, i.e. ^ inch square. The product contains 
less than 0*6 per cent, arsenic and less than 2 per cent, of sulphur ; but when so 
wanted it mny be obtained practically free from arsenic, but still containing 10 to 12 
per cent, sulphur. It is intended to use it, instead of kilns, in the manuiacture of 
sulphuric acid from Spanish pyrites. When properly attended, so as to keep up u 
regular feed, it has been kept to work for weeks together without the use of any coal 
as fhel. Its action is very superior to that of kilns, inasmuch as practically the 
whole of the arsenic is evolved, whilst in kilns seldom less than 2^ to 3 per cent, of 
arsenic is left in the ore, principally in the form of arseniato of iron. 

GAKCmiirO rVMTAOfl, See Fubnacb, Calcikino. 

CASbCZVM, OBXiOSlBB OF. (Vol. i. p. 673.) Mr. John Svillub has 
drawn attention to the existence of native chloride of calcium at Guy’s Cliff, 
Warwick Castle. The rock, a friable micaeious sandstone of a greyish white colour, 
gave— 

grams 

Sand and mica (insoluble in acids) 23'91 

Alumina and oxide of iron, with a little silica . . . 0'31 

Carbonutti of lime 0'50 

Pyrophosphate of magnesium ...... 0*22 

The saline deposit — a black slime on the face of the rock at Guy’s Cave and the 
Monks’ Cell, gave — 


grams 

Chloride of potassium 1 21 

„ sodium 11*03 

„ magnesium 8*8 i 

„ calcium 27*16 

Sulphate of calcium 14*66 

Nitrate of calcium trace 

Water and vegetable extractive 42*25 


100 00 

Journal of ilie Chemical Society ^ February 1876. 

CAUGO. Exerts cf printed, dyed, or coloured goods : — 

Valuo 

yanlH £ 

1874 1,003,101,107 19,002,706 

1876 ],001,036h‘>69 19,900,918 

1876 988,287,700 18,487,103 

GAXiZOO raZimWO. Fisnng of Alkalim Hed Mordant . — The colours 31 and 
32 on page 622 (Calico Pbintino), vol. i., require a peculiar method of fixing, which 
was accidentally omitted when describing the ' duuging process ' for fixing the ordinary 
madder mordants. The method is as follows: — After 'ageing’ the goods are passed 
through a cistern placed in front of the ordinary fly-dunging appiratus ; this cistern 
is provided with rollers at top and bottom, and is set with a sol utiuu of sal ammoniac at 
4° T. or about 1 lb. per gallon ; the heat is 160*’ Fahr., and the time a piece of 26 yards 
occupies in passing through is 40 seconds. The apparatus described in figs. 873 and 
374 answers very well for this purpose, as the first division a, fig. 373, is suitable for 
setting with salammoniac liquor. The goods pass direct from this into the fly-dung 
cistern, set with cow-dung only, temperature 160^ Fahr., are then washed, second 
dunged, and then follow the usual routine for madder goods. In this process the soda 
whi^ had been partially neutralised by the carbonic acid of the air is completely so 
by the sal ammoniac, chloride of sodium and ammonia being formed, and alumina 
precipitated on the cloth. This mode of mordanting for red is only practised for the 
style Swiss pinks, (page 636), some printers preferring to mordant with alkaline 
under the idea that the mordant cannot possibly contain iron. 

Sewing Machine . — An American machine has within the last year or two been in- 
troduced to calico printers, which appears to have peculiar merits, for there is scarcely 
a print works now without several of them. It is the BaVkb and Lutcolm machine 
patented in 1872. The following drawings and description are taken from the printed 
specification. 

Fip. 2271 is a front view, and fig. 2272 a side view of a machine eonstroeted ae- 
cording to these improvements ; fig. 2273 is a plan of the same. 
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Fig, 2271, A, A*, represent the framework of the machine, copsisting prlneipsl/y of 
two parallel upright frames, secured together and braced by horisontal cross rods u at 
suitable points ; c is the drlvinjg shaft, arranged horisontally and transversely to frame- 
work A, A*, and turning in suitable bearings thereof; D is a loose pullev on driving 
shaft 0, and b a sliding clutch on shaft o for connecting the pulley n with, or ibecon- 
necting it from, the dnving shaft o. The clutch b is operated by the lever handle f. 



o is a worm geu wheel on driving shaft o, and k a horisontal gear wheel engaging 
vnth worn a of driving shaft e ; this gear wheel h is at the lower end of a vertical 
shm I wat is arraimed a^ each end to turn in suitable bearings of the ftwmework a, a*, 
and at lU upper end is provided with a horizontal bevel gear wheel j engaging with 
two similar vertical gear wheels x and l of a common horizontal shaft if. The shaft 
M IS at the upper part of the framework a. a*, and extends from one frame to the 
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othar, taming in sniUbla boorings of each. The berel gear wheel s is adapted to be 
elid into and oot of oonnection with the gear wheel J bj the lever handle m, which is 
connected therewith as shown. 

o, o*, are two similar vertical Mar wheels at the front end of horisontal shafts k 
and outside of front frame a. Each gear wheel o, o*, is in pMition on horisontal 
shaft u to engage with the interior toikhed periphery f of similar rings or annular 
frames or bands o, ; the gear wheel o with the annular frame q and the gear wheel 
o* with the annuls frame These frames q, are arranged in vertical positions 
outside of the upright frame a with the annular frame in front of the annular 
frame q, leaving a space between them closed by an annular frame or ring b. The 
periphe^s of the several annular frames o, o’*, and b, horisontally correspond with 
each other. The annular frames a, q,\ are free to turn and are both supported upon 
similar vertical friction rollers or wheels s arranged upon the front frame a so as to 
bear and run upon the inner periphery of the annular frames o, q‘. The annular 
frame u is fixed in position through stay arms t at suitable points that are secured 
to the front frame a, see 2271. The frictional rollers or wheels s and the stay 
arms t lu their attachment to the front frame a are adapted for adjustment by slots 


2273 



and sot screws or lx)lts and nuts, as fully shown m the drawings, and needi^ no more 
particular description herein. The annular frames q, q’, are each provided along 
their respective peripheries with radial projecting points a, b, and a‘, b*. The points 
a and a’ of the two frames q, q*, are fixed in position while the points b, o*, are 
attached to slides or clasps c, c, resp^tively, that in their application to the annular 
frames o, q*, are adapted, as shown in tiie drawings, to lie slid or moved around the 
frames q, to any position desired and there firmly set by properly screwing the 
thumb or milled head set screws d of the slides. 

T* is the sewing machine proper, which in the present instance is what is known as 
a ‘WiLLOOx’s and Gibbs’ ’ sewing machine. This sewing machine in its construction 
and arrangement of parts is in every respect similar to the ordinary sewing machines 
of the class stated, and therefore needs no particular description, the only difference 
beii^ in the fact that the feed mechanism of the machine is dispensed with. The 
gewing machine t* is located at the upper part of the framework a, a*, and is 
there firmly secured to a table or platform u of the framework a, a*, and in its location 
the needle / is in a position to pass downward and upward through a hole ^ in the 
fixed annular frame b, between its two edges, and to produce the stitki as ordinarily 
by the action of the looping mechanism A of the sewing machine, which looping 
mechanism is under or wi^in the annular frame b. 

is the driving pulley of the sewing machine ; this pulley n* through an sndlets 
vertical belt v ia connected to the pullev w of the driving shaft o, and thus fscsivsf 
its motion ; x is a pulley on driving shaft o, oonnecting suw shaft through the endless 
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belt T with A pnlley i of » horiaontal riiaft at one tide of the ftont frame a. The 
horizontal shaft a* tuma in aoitable bearinge of the atixrup shaped arm b* of front 
frame a, and it is extended forward tfafongh the annular frames o, q*. and n, to the 
front of the machine. Within the framea o, q*, and b, the shaft a* is armed with 
radial enryilinear spokes or arms c*, so projecting that as the shaft a* reyolyes they 
will extend through the opening n* of the fixed annular frame r, as shown, and beyond 
the outside of si^ frame r. Between the point of location of the sewing machine f* 
and the spoked or armed shaft a* and within the plane of the fixed annular frame k, 
are arranged two wheels b”, b", the one b* within the annular frame b, and the other 
B* without the same, with their centres in a corresponding radial line of the frame b. 
The inner wheel b^ is at one end of a horizontal s^ft r*, and the outer wheel b* is at 
one end of a horizontal shaft o*. and both of these shafts f* and o’ are arranged to 
turn in suitable bearinge of the framework a, a, extending from one frame to the 
other, and adapted to be driven with a miiform motion by menne of the gear wheels 
n’ connecting the one with the other and the shaft f’ with the horizontal shaft m, 
hereinbefore referred to. The wheel b* is adapted for the receotion of type as shown, 
and for inking the same to adapt them to give an impression there is arranged an ink 
supplying roller i’ to bear therein as shown, this ink roUsr obtains its supply from a 
casing or receptacle applied thereto. The wheel e* has an elastic cushion of India- 
rublier or otlier suitable ronterial I surrounding its periphery, and for the one wheel b* 
to boar upon the other wheel b* the fixed annular frame a is suitably cut out. Both 
these wheels b’, b’, at their inner ends are proyided with projecting flanges m’, 
respectively, which flanges in the location of the wheels pass by each other, acting as 
the wheels turn like a pair of shears pj cut or trim along such line any material passed 
between the iMllcrs or wheels b’, k-\ 

Under tlie above described arrangement and construction of parts with power ap- 
plied to the driving shaft c, the annular frames a, q’, are made to turn, both moving 
similarly and equally ; the sewing machine is driven ; the type wheel b* and its 
cushion wheel ic’ and tlie spoked or armed shaft a* are revolved ; the annular frames 
Q, q’, are for the reception of the goods as will be hereinafter described, and they 
turn from the sewing machine towaxd the type roller b* and its mate roller b’, which 
rollers revolve in the proper direction for the goods carried by the annular frames q, q’, 
to pass between them ; the spoked or armed shaft a* revolves in a similar direction 
to the annular frames q, q’. 

In the use of a machine such as above described, two pieces of goods to be sewed 
together end to end are first laid flatwise one upon the other, so that their two ends 
correspond and then are fastened to the frames o, q’, first upon the two nearest fixed 
pins or points a, a’, of the frames q, q’, of the sewing machine t’, and thence are 
stretched transversely over the peripheir of the combined annular frames q, q*, and 
K, and by the a^ustable pins or points b, 6’, properly adjusted therefor are secured. 

With the goods thus secured on the annular frames q, q’, extending across the 
annular frame a, the machine is set in motion, when by the movement of the annular 
frames the goods are carried gradually along to the sewing machine, by yrhich in a 
line between the inner and outer points of their fastenings to the annujar ftames 
Q, q’, they are sewed or stitched together, and thence they pass to and between ^e 
type and cushioned rollers b, b’, by which they are not only stamped or marked, but 
are cut or trimmed outside of the line of stitches by the action of toe cutting or shear 
flanges m, m’, of the rollers b’, b*. From the rollers b*, x*, by the continued move- 
ment of the annular frames q, q’, the goods are carried forward to the spokes or arms 
of the shaft a’, which acting thereon as the shaft revolves, force off the goods from 
the jjroints a, n’, b, ft’, of the annular frames a, q’, disoharging them from the machine. 
While two pieces of goods are thus being acted upon in the machine, the annular 
frames q, q* as they turn are being prepared similarly with another set of pieces, so 
that when the sewing machine hae flnisned sewing the first set it will pass diiectly 
on to the next set, and so on, the annular frames q, q’, being suitably provided with 
points or pins a, a*, ft, ft*, therefor. 

Bv suitably ai^'usting the elide points on the annular frame q, q*, it is obvious that 
goods of varying widths may be sewed in the machine. 

In lieu of two annular framee o, q’, in connection with the stationai^ frame b, only 
the frame q need be employed, but it ie preferable to have two, one inside and one 
outside of the line or phine of stitching, anid to hold the goods both inside and outside 
of the line of sewing, as thereby a most perfect and even stretch of the goods is not 
only obtained but maintained. 

By marking the goods as described with any particular characteristics it is obvious 
where maehiBes en^ ae herein described are used for the sewing of Boods of diflhrent 
nulls all eonfrisioD as to which mill the goods belong will be obviated, and the 
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dMeribed trimming' of rim ands perfect and even eeaniB and ends are prodaced« thui 
rendering the operation of printing more perfect niid uniform. 

AniUn CMottrt printed along with Mordawte for dyeing with Madder or Hmilar dye* 
— A style of a similar nature to that patented by Liohtfoot (vol. i. p. 689) ivas 
patented in Amerioa in 1870 by Jaiois HAULaT, and In England by Jambs Ohadwiox, 
as a communication from Harlbt. By this process very clear and beautiful aniline 
colours, particularly green and purple, are printed along with the ordinary iron and 
alumina mordants, and undez]^ the usual process for dyeing and clearing such mor- 
dants, the finished result being a pattern containing red, black, brown, chocolate, 
green, and purple colours, thereby to a groat extent obtaining the beauty of the chints 
style blocked after dyeing with a groat superiority in register. The following descrip- 
tion is taken from the printed specification : — 

* These improremonts consist in simultaneously fixing or applying to textile fabrics, 
especially those made of cotton, the greens, violets, and purples known as iodine or 
methyl greens and aniline violets, together with the mordant or mordants destined 
to bo dyed up in natural or artificial colouring matters of madder, garancine, or 
alizarine alone or in combination with other colouring matters, such os red woods, 
Quercitron bark, Persian berries, or sumac, whereby styles can be produced not hero 
Cofore obtainable, 

* The invention is carried out as follows : — take two hundred pounds of sumac, to 
which is added one hundred and fifty gallons of water, and boil the mixture an hour 
or BO, and then put upon a filter. After being filtered, the sumac liquor is boiled 
down to stand at 26° Twaddell’s hydrometer. Fur my green colour 1 take at the 
rate of ten gallons of sumac liquor standing at 26° Twaddell, two gallons acetic acid 
at 10° Twaddell, and twelve pounds of starch. Then the whole is boiled, and when 
it is cooled to about 180° Fahr. I add at the rate of ten ounces tartaric acid to the 
gallon, and when cooled down to abotlt 120° Fahr. I add at the rate of two ounces of 
oxalic acid to the gallon, and when quite cold I add at the rate of three ounces of 
aniline green chemically pure to the gallon. The colour is then ready for jfl'inting on 
the cloth. 

‘ To make my purple I take seven mllons sumac liquor standing at 20° Twaddell, 
and three gallons acetic acid at 10° Waddell, and ten pounds of starch. Boil the 
whole, and when cooled to 140° Fahr. I add at the rate of eight ounces of rariaric acid 
and four ounces aniline purple to the gallon. This colour is now ready for printing 
on the cloth. 

' I take doth known to printers as cloth that has received a i^adder bleach, and pass 
it through a solution of chlorate of potash standing at 2° Twaddell, dry it, and then 
it is ready for printing. Pass it on to the printing machine,, whore the mordants 
intended for dyeing, and the aniline green or the green and purple are printed at 
once, that is, at the same time. 

' The cloth is passed through a box known as an ' ageing box ’ and afterwards passed 
through silicate, arseniate, or phosphate of soda at 2° Twaddell, and standing at 180° 
Fahr. or thereabouts, Tiie pieces are then washed and dyed. 

* 1 do no£ limit myself to these proportions, as the> will have to be varied to suit 
the pattern. 

' After haring been passed through the silicate the green and purple are sufiicieutly 
fixed to pass through the dyeing and soaping operations. 

' I have named in the above formula what is known as pure aniline purple, but the 
aame process is applicable to any of the aniline purples and violets, taking the cor 
responding strength of each. 

'Another mode of effecting the same purpose, though not so simple as the one just 
describe^ is as follows : — In the first place 1 pass my cloth through the following 
Bolation previous to Minting : Gelatine standing at 2° Twaddell’s hydrometer, 
silicate of soda at 1}° Twaddell, chlorate of potash standing at 2° Twaddell. The 
cloth is then dried, and is ready for the printing machine. 1 may here state that 
the three solutions above ore mixed together, and the cloth passed through them at 
once. 

* To make my green colour I take four and a half (4^) gallons extract of sumac 
standing at 26° Waddell, six pounds of starch ; boil ten minut^ and when half cold 
I add two and a half pounds tartaric acid, one pound oxalic acid, and one and a half 
pounds methyl or iodine green. This is printed on the cloth already passed through 
the above solution in combination with regular mordants. By this means 1 get an 
inseluble tannate of gelatine. 

' I have named in describii^ my invention methyl and iodine greens, as these are the 
most common used of the aniUne greens ; but any other of the varieties of the aniline 
greens may be substitutedi reference being had to the strength of the commerrial 
articles suUtituted. 
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* Aftor the p;ood8 nw drictd and aged one night, I nnm them through a solution of 
i(ili(vite of soda at 2° Twaddell, and heated to 18(f^ >'ahr. or thereabouts, autl after- 
wards through arseiiiate of soda. The goods are then well washed and djed to suit 
the pattern with different proportions of aliearine, garancine, artificial alisarine, 
madder, sumac, bark, berries, and such other mstorials as are ordinarily employed in 
this style of work, as is well understood by competent dyers.’ 

Apparently in this nrocess it is the tannic acid of the sumac which forms a pre- 
cipitate with the aniline dye, which, temporarily held in solution by the acids em- 
ployed, is precipitated on the cloth partly by eraporation of the acetic acid and partly 
by neutmlisation of the other organic acids by the silicate, arseniate, or phosphate of 
soda used in dunging. This tannate is not permanently stained by the garancine, 
madder, alisarine, or other dyeatulF. 

CoHiinuaua Bteanwig . — In 1876 Mr. Thom of Birkacre fitted up an apparatus for 
stoumiug printed goods in a continuous manner, by passing them through a brick 
chaml)tir fitted with rollers top and bottom, with steam blown freely in nt the bottom ; 
the apertures for Uie admission and exit of the pieces were only just wide enough ami 
deep enough to allow the pieces to pass through without scraping ; an aperture was 
provided at the top which could be regulated by a valve for the exit of steam carry- 
ing with it add vapours. Sevend minor details were provided, unnecessary to mention 
hero, and nt length the machine was made successful for several stylos, and Mr. Thom 
patoiiied the invention. Soon after Messrs Chum of Thornliebank and a llussimi 
house began to make experiments, and one or more patents were taken out for the 
same object. Messrs. Mathkb and Platt sought to combine all possible improve- 
ments ill n patent dated January 21, 1876- The diawiug,^ 5 ^. 2276, is kindly supplied 
by this firm, and also the following description : — 

A is the double cased wrought-iron roof of the steaming chamber, filled with steam 
(say of 6 lb. preasure) to prevent condensation, and consequently, drops from forming 
and falling on the cloth in its passage through. The inlet and outlet are iditto provided 
with a steam cheet for the same purpose. 

B. — The steaming chamber, which ie built of brick, is heated to the required tem- 
perature by steam turned in nt a pressure of ^ of a pound, simply to produce moistuio. 
When the required temperature has been obtained, the attendant will observe through 
the windows that the space inside theohamberis quite clear. I'his takes place Ht212^ 

Passing through the opening at front end of the chamber (which a1sr> s rves ns an 
escape for steam impiugnnted with the gases disclmrged from the printed cloth) the 
pieces travel continuously up and down alternately over a serfes ef small rollers, and 
tlieii over a heated cylinder, c. This is repeated until all the (pdinders have been 
passed over: the cloth is then drawn along oy means of rollers driven by gearing and 
delivered to drawing rollers, b, outside of the chamber, from whence it passes to the 
plniter, f, and is plaited down. 

It is necessary that all the gases generated from the printed fabric should be carried 
nfir as quickly as possible; for this reason, nt the back end is placed a swivel door, 
which the attendant regulates according to the pieces passing tnrough the cluimber. 
These eases are then carried away by means of ventilating shafte, d d. 

Highly saturated steam is requir^ in this process, therefore a wrought-iron vessel, 
n, is placed in some convenient part of the room. This vessel is half filled with 
water, steam is forced into the water at a low pressure, and the vapour evolved in 
the boiling passes on through suitable pipes into the chamber to give the requisite 
moisture. 

The whole time necessary to expose the heaviest colours, artificial reds, pigments, 
&G , is from ten to twenty minutes. The process is continuous throughout, the len^h 
of time needed for exposure in the chamber being regulated by the rollers revolving 
quicker or slower. No * greys ’ arc required for any class of work, and eveiy kind of 
work can be equally well steamed by this apparatus. One man and a boy are suffi- 
cient to tend the working. About one third the amount of steam used in the ordinary 
way is suffleient for this new method. 

One chamW 20 ft. long will steam from 1,600 to 2, COO pieces per day, aceording 
to the class of work. 

It is difficult to say at present how far continuous steaming may replace the method 
described on rages 063 and 654, vol, i. ; but the system is of great promise, and some 
large houses iMve commenced erecting the machine. 

Alizarine^ Ardfieial . — At the date of publication of the ZHctionofy this dyestuff, 
though discovered in 1868, by Gaabbr and LiBBsaMAinr, was still stmttling with 
madder, and most printers were undecided what place to assign to it in trmir list of 
colouring matters, whether it was destined to replace madder, or to remain as a pro- 
duct, dyeiqg similar but not identical shades, and so only partly to replace it. At 
the praeent date eo rapid has been the spread of the use of artificial alisarine, and so 
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persivtenti j hai the priee of it dooli ned. owing to ite very large production, that nuidder 
of qnnlity oun now be boi^ht for 16«. per cwt., which fhimerly varied in price 
from G68. to 4&s, This low prioe does not reiviy the fanner anything like hie outlay, 
and. H8 a matter of courte, madder has ceased to be planted and will soon be a thing 
Iff the past, and exist as a manuftictured product only in museums and ealico-priuters' 
lairaTatories. Nay, so cleanly and convenient is this new dyestuff in its apmication, 
that. even at an e(^l price for an equal quantity of colouring matter, madder would 
not be Ifought. Itony styles not capable of being done with madder Iwve been intro- 
duced, eapeci^ly imitations of Turkey red with aniline black freely introduced, whore 
the shade of red so closely resembles Tu^y red, and is so much more qnioklv and 
cheaply produced, that it is questionable whether even this celebrated dye wilL not 
before very long have become a thing of the past. Many varieties of artificial ali- 
zarine are now made, varying from almost pure alisarine to those dyeing very yellow 
shades of red. Anthrapurpurin, which dyes a splendid rare red and good purple, is 
K Id as artificial alisarine, though having a somewhat difibrent com^ition. Pur- 
piirine has been made by the process of LilaNon, by oxidation of alisanne to a definite 
stage by means of arsenic acid, and it appears now possible to imitate the madder 
colouring matters exac^. which was not the case so long as artificial purpurine re- 
mained undiscovered. Towards tlie end of 1875 M. Stbobbl, of Mulhouse, discovered 
that nitrous acid gas acted upon dyed alisarine rods so as to turn them oran^ which 
was not affected by soap. M. Rosbnstibux., of the same town, soon after tome up the 
subject, and proved that the orange dyeing colouring matter is a mononitrated alisarine 
of composition (WO*) 0^ This variety of alisarine is now made on the laige 
scale by some of the alizarine makers. It is used principally for dyeing aluminous 
murdants, oranges, which are perfectly fast to soap. Orange colour for printing topi- 
cally is also m^e and fixed by steaming. Owing, however, to the very strong acid 
powers of the nitro-alizarine, the acetate of alumina or other aluminous mordent is 
soon decomposed by the nitro*alizarine, and an insoluble orange compound formed in 
t ho colour which does not attach itself to the calico, and meagre shades sre produced. 
This property rather hinders the free use of this colour in topical printing. The 
following formube represent the way of usii^ alizarine orange as a topical colour 

No. 247. Alizarine Orange. — 4 quarts of No. 248 ; 1 quart of alisarine orange at 

10 per cent, dry colouring matter ; gill of No. 249 ; 4 gill of No. 250. 

No. 248. Acid Paste. — 12 lb. wheat starch; 6^ gallons of water; J gnUon of 
acetic acid ; 5 gills of oil ; boil and add 5 gills of spirit of turpentine ; use cold. 

No. 240. Nitrate of Alumina. — 3 lb. lump alum; 8 lb. nitrate of lend ; 8 quarts of 
hot water; dissolve and add ^ lb. of carbonate of soda crystals dissolved in 1 quart of 
hot water ; stir well and let settle. 

No. 250. Acetate of Lime.— Acetic acid at 8^ T. neutralised with slaked lime and 
set Jit 20° T. 

Another alizarine orange is as follows: — 

No. 251. 1 quart of alizarine orange ; 1 pint of acetic acid at 12° T. ; 2 quarts of 

No. 252 ; gill of olive oil ; mix well tc^etber ; and when wanted for printing add 

1 1 gill of nitrate of iiluminn at 28° T. 

No. 252. 6 gallons of cold uater; 30 lb. of wheat starch, boat up fine and add 
the following>-16 gallons of water; 5 lb. of gum tragacanth ; boil till dissolved, and 
when cold make up to 15 gallons. Mix well with the beaten up starch, boil and cool. 

Alizarine orange goods should be passed through vapour of ammonia previously to 
steaming, as the nitric acid disengaged by steaming would otherwise tender the cloth 
rvol. i. p. 664). 

^ M^hyl Green is now J^uently printed along with alizarine red and aniline 

a good receipt for this oolour : 

‘ liquor at 8® T. (p. 620) ; 

, . ' 1 ' ® tartaric 

acid ; 10 oz. of tannic acid ; cool and add 34 on. of methyl green crystals (yelbw 
shade^ dissolved in S gills of acetic acid at 12° T, 

Aniline Black. — In 1871 JoKic LiuHTroOT, the inventor of aniline black, made a 
series of experiments with a great number of metals introduced into mixtures of 
hydrochlomte of aniline and oUorate of soda thickened as for printing, with a view 
to see which of thein produced the same result as copper in causing the development 
of aniline black. The motols experimented with wore copper, iron, vanadium, ura- 
nium, nickel, lead, sine, antimony, tin, manganese, chromium, bismuth, arsenic, tita- 
nium, tungsten, cadmium, tellurium, molybdenum, mercury, silver, gold, platinum, 
palladium, rhodium, iridium, aluminium, osmium, eobalt, ruthenium, thallium, mag- 
nesium, indium, rubidium, cerium, glucinum, zirconium, lanthanum, erb^m, didymium, 
yttrium, selenium, tantalum, niobium. 

iia 
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The fbllowing HMtalf only thowed any action : vanadium, copper, iron, and uranium. 
Of theae LiavivooT firand that vanadium vas the moat powerl^ next to thia copper, 
next uranium, and nest iron. Hia reaulta were published iu a pamphlet dated May 12, 
1871, and it may be noted that he apeaka of the action of vanadium and copper aa 
being one which can be carried on with inflniteaimal quantitiea, the uae of larger 
quantitiea being merely an aflBur of convenience to aave time. On October 10, 1871, 
Mr. Bobibt PiMKiraY took out a patent for the use of salts of vanadium or uranium 
together, or in combination with salts of nickel for producing aniline black in dyeing 
and printing, and this black was to some extent introduced into practice, but the 
rarity of the metallic salts required operated as a bar to the large introduction of the 
patent. On December 24, 1874, Messrs. Srllok and Fwilnut patent4Ml improve* 
menta in producing other colours by the use of vanadium salts, in conjunction with 
vegetable colouring matters, such aa catechu, logwood, &c. The Maomisiitii Mmtal 
Company of Patricroft being the owners of these patents, and being almost the only 
manufacturers of the salts of vanadium on a commercial scale in the world, have 
introduced the vanadium black to printers and dyers, supplying the salt of vanadium 
at a price which permits it to be used economically. It is probably premature to 
pronounce dedsively upon the merits of this new black, but it may lie said that many 
calico-printers have adopted it, whilst others do not see any particular advantage in 
it over the sulphide or tne disulphocyanide of copper. A very interesting paper on 
the vanadium black, by M. Wm, of Houen, is to be found in the Bulletin q/* the In- 
dustrial Soaiety of Rouen, vol. iv. p. 340, to which wo refer our readers. M. Witz 
has shown that exceedingly minnte proportions of vanadium may be used with success, 
and that, by increasing or diminishing the quantity of the van^ium salt, the printer 
has it in his power to increase or diminish the rapidity of ageing or development of 
the black, and to a grwt extent to provide for variations in the atmospheric tempera- 
ture. The follow!^ is a pnustical formula for vanadium black as used in England : — 

No. 264. Vanadium anuine black : — 

A. — 1 gallon of water; 14 lb. of wheat starch; boil and add 8 oz. of chlorate of 
potash ; 8 os. of chbrate or soda ; 10 grains of vanadiate of ammonia; cool and add 
when going to print the following: — 

B. ~l g^lou of water; IJ lb. of starch; boil and odd 2 lb. of hydrochlorate ot 
aniline. 

Broftses.—This style has been lately re- introduced by some French and English 
printers.— J. H. 

CAXilCMM. Native Nitrate of Soda, — By this name the impure native nitrate of 
soda of Peru is known throughout fciuutli America. Dr. A. T. MaciiAiTiR, of GliiHguw, 
h.'ui made the following analyses : — 

White Cali(^ Dmwn Oallclir non. 



in Bolld 

taining earthy 


mMHes 

tyrown matter 

Nitrate of soda . 

. . . 70-62 

60-97 

lodate of soda 

. . . 1-90 

0-78 

Chloride of sodium . . 

22-89 

16-85 

Bulphato of soda 

. . . 180 

4-66 

Sulphate of lime 

. . • 0-87 

1-.1I 

Sulphate of magnesia 

0-61 

6-88 

Insoluble matter . , 

. . . 0 02 

4-06 

Water .... 

• • • 0'99 

6-64 


100-00 

100-00 


CAMMXC BVaXXras. {Machine calorique, ouaair chaud, Fr. ; Die Calorisehe 
Maechine, Ger J The only caloric engines which have proved to be (kT practical value 
are those working with hot air, exploding gae, and the exploding vapour ofpetrtimm. 
The coinparativa meriu of these different systems were determined as follm at the 
Vienna Exhibition : — 



Air ENaiNRS. 

Founds of fnd 

Relation between 
Hffeettve and 

Bngioeen 

per hour 

theurotlcal work 

anUH. P. 

of fuel 

BBjOU • . . 

• • • 3'8— 4'84 

6‘(^4-l 

LsAwrrr . • 

• • a 0-0 

86 

LmiMAjnr , • 

. . . 10-12 

1 9 

LsAvniau • • 

• . . 9*9-1316 

2-0-1 -4 

EbicAcw b $ 

• . • ]J’O>10-6 

1 8-1-2 
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Oab Exowwb, 

Quantity qf Gaa reduced to Coal in I6s, 

Eiigineors 

Otto nnd Lanobn .... 3 06-6*0 5‘0-8'6 

Hyoow 9-9 20 

Lwoib ...... 0‘9-12’ 2'0-]'8 

Petbolbvm Emoutb. 

Petroleum in lbs. 

Hock 1-66-2-86 8-4-4-6 

It is found, on comparing different steam engines with the abore motors, that they 
nro tieitrljr equal. The following table is arranged according to the work of the 


diflerent motors : — 

per cent. 

Small high pressure engine, without expansion . . .1*8 

Air engine (Ericsson) ........ 1*8 

,, (Lbauukukau) 1*8 

„ (Lehmann) 1*9 

Gas engine (Lenoir) 2 0 

„ (Huoon) 2*0 

Portable steam engine ........ 2*8 

High proHSure steam engine, with expansion . . . 8*0 

Air engine (Lkawiit) . 8*6 

„ (Pelon) 4*1 

Condonsing engine, with oxjiansion 4*6 

Gas engine (Otto and Lanokn) 6*0 

Petroleum engine (Hock) . . . . . . .84 

Large steam engine, best make 9 0 


The Otto and Lanobn gas engine is very especially recommended for the {lerform* 
ance of irregular labour. 

Although the work of high pressure steam engines is less than th.it of gas or air 
engines, the cost of fuel for the latter exceeds liy from 2 6 to 6 times that of the 
former. Thus gas or air engines have not yet been able to replace the ordinary high 
pressure steam engine. 

Amongst other caloric engines may be nanicxl M. Moociiot’s solar engine, water 
being converted into steam by the action of the sun’s rays ; and another, the iiiveu> 
lion of M. Foucaui r, in which ammonia is converted into vapour by the same force. 
•Sec SOT.AR Engine. 

CAlTDXiB. (Vol. i. p 679.) Since 1871 there has not been any importation of 
caudles from Russia. Our Imports from other parts have been ns follow : — 


Couc tries 


1875 1 



Value 

QuantlUoR 

Value 

Stearin E. 

OWt. 

66,711 

58,001 

8,229 


cwt. 

61,761 

49,877 

3,324 


From Holland .... 

„ Belgium .... 

„ other Countries . 

207,709 

210,097 

12,481 

183^91 

181.492 

0,606 

OrauB Kinds. 

117.941 

430,287 

104,962 

374,688 

From Oermany .... 

„ Hoi and .... 

„ Belgium .... 

1 , other Oouniriea 

896 

1,460 

1,826 

42 

3,601 

6,760 

6,892 

244 

2.472 

1.701 

1,796 

49 

8.246 

6,420 

6,668 

246 


4,212 

16,067 

6,018 

20,668 
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Our BatpotU during 1874 and 1878 have heeu as folluu' 


Oountrics 

1874 

1870 

Of all Sorts. 


Quantity 

lb. 

Value 

£ 

Qnatitllj 

lb. 

Value 

£ 

To France .... 


122,093 

3,686 

189,136 

3,990 

Central America . 


120,661 

4,370 

188,740 

6,302 

„ United States of Columbia 





(New Granada) . . 

, 

258,824 

10,802 

196,852 

6,611 

„ Channel Islands . 

, 

198,694 

6,455 

325.979 

8,098 

„ British FoBHessions in South 





Africa 

, 

958,680 

31,893 

841,450 

27,619 

1 , British India : 






Bombay and Scinde . 


143.830 

6,082 

138,467 

4,849 

Madras 


70,780 

2,441 

117,460 

4,008 

Bengal and Bormah . 


152,790 

4,822 

140,287 

6,879 

„ Anstralia 


1,214 568 

43,044 

1,067,766 

36,355 

British North America . 


269,692 

8,899 

268,484 

8,618 

„ British West India Islands 





and British Guiana 


1,108.244 

37,256 

1,150,310 

731,766 

37,231 

„ other Countries 


830,879 

30,021 

27,618 



6,458,753 

187.777 

1 

5,315,696 

177,187 1 

1 


Gandlee of all sorts exported in 1876 : — 4,724,080 lb., vntued at 151,4071. 

CJLWbP-V UTSa The fruit of the Aleurites triloba, one of the Sptui^o family 
{EupkMhiaooi^. The tree, which grows to the hoiglit of 3U or 40 feet, is called tlm 
Uandlebercy It was originally a native of the Moluccas and the islands of tliu 

South Paoifie Ocean, but it is now commonly cultivated in tropical countries for tl)*‘ 
sake of its nuta. 

The seed of the fruit is something like a small walnut, the outer shell being very 
hard. The kernels of the seeds when dried are stuck on a reed, and used by the 
Polynesian islanders as a substitute for caudles, and by inhabitants of New Georgia 
as an article of food. 

These seeds when pressed yield a large quantity of pure ixilutable oil, which dries 
readily, and is therefore ued for paint. It is known as Artists' (Si and as Country 
Walnut Oil. 

In Ceylon it is known as Kekune oil ; and in the Sandwich Islands, whore it is 
need as a mordant for their vegetable dyes, Kukul oil. In these islands alone not less 
than 10,000 gallons are annually produced. 

The shelled nuts turn rancid rapidly ; they acquire n yellow brown colour and 
a disagreeable taste. The fat oxtnictM from them is liable to similar changes. It 
is sent to Europe, but used only for soap making. The oil cuke is used for manure. 
The ash of the kernel is composed of— 


Lime 18-09 parts in 100 

Magnesia 6-01 „ 

PotMh .11-33 „ 


Phosphoric a»hyd. 29-30 „ 

Naluno, Gaoetta Chimica Italiana, 

BTOmno. To M, P. L. QuABAifTx, of Paris, belongs the merit 
— if the invention has any— of pep^ng candles which shall possess the property of 
destroying the qrmotie poisons floating in the air, to which we now refer many nf the 
diseases which ^ict us. He says * The investigations of learned men, as to the 
canses of the maladies which beset and attack the liuman species, have plainly de- 
monstrated that the gTMter part of these ro.iladies arise from an atmosphere vitiated 
by spores of cryptogamia ana infusoria, reduced to dust by the drying of liquids, and 
susceptible of reprMuction in human beings and animals. Hygienic science is daily 
applied to the destmetion, by the antiseptics which scionce hM pUeed at its disposal, 
of these obvious morbid causes. To extend the^ utility thereof it is nscsssaiy to 
render them as practicable and as easy of application as possible. For this purpose 1 
incorporate with the fatty matter of candles such substancos as bensoic aoi^ phenio 
and, or other antiseptics, of which the portion nearest the wick of the candle m 
burning fumiehss mote oxygen to the wick and augments the brilliancy of Ihc light, 
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And whoM other portion, entering the fiitty matter in fheion, is volalilieeil. In this 
state it deetruys the miasmas nhich will be found in rooms or apartments the most 
carefully kept and purified, and will thereby keep the house in a healthy ooudition 
without any care or preparation by the occupants, who, in providing themselves with 
light, destroy their invisible enemies, while the volatilisntion of the antiseptic dues 
not engender any appreciable odour. This branch of hygiene applied to dwellings is 
destined to render gimt service to humanity.' 

The proTOrtion of the antiseptic incorporated with the fatty matter is ten parts for 
every hun^d of the candle, but this may be varied according to the nature of 
the antiseptic employed. It will be understood that this principle may be applied to 
lighting by oil. For the latter purpose the lamp burner must have such a form as 
will permit the volatilisation of the antiseptic emjiloyed. 

CAWWB& OOA&, Gat^s enclosed %n. See (’oal, Gasbs iwcLosEn uc. 

CAOVTOBOVO, BUBIIIAB. Le Technoloyiste informs us that a new sonree 
fur this exceedingly useful material has been lately discovered in Burmah. It is 
hoped that by cultivation an abundant supply may be obtained, and thus meet the 
Hcarcity which has been brought about by the exceedingly wasteful process of col- 
lecting the india-rubiHir generally adopted. 

The plant which grows in Burmah is a climber of the family of ApecynacoeSt bearing 
the botanical name of Chavannesia eaculmta. It abounds in the forests of that country, 
and is cultivated for its fruit, which possesses an agreeable acidity. Another plant 
uf this country, Anodendron pfiiicidatum, likewise furnishes caoutchouc, but of in- 
ferior quality to the chavannesia. That afFoniod by the chavannesia is said to be very 
pure, and ezcelleiitly adapted for commercial pui^ioses. 

That this family of plants may have been foniul growing abundantly in Burmah is 
highly probable, but it must not be regarded us a now discovery of a source for 
ffum elastic. 

The Apoepnacote, a natural order of corollifloral exogens, mostly inhabiting trupic<il 
countries, form generally a poisonous, acrid, milky secretion ; others yield a juice 
which 18 harmless, and many of them the caoutchouc. See The Treasury of Botany. 
By John LiKiuhv and Thomas Mooue. Lohomam and Co., 1876. , 

Tlie caoutchouc of Borneo yiehls a sbstance of a saccharine character, which has 
been named Bornestle, having a com])osition 

The sulphur of vulcanised caoutchouc is readilpr oxidised by ozone and converted into 
sulphurous acid. — Wbight, American. Journal oj Si lence and Art. 

M. KttoAnk Pavoux, Director of the Oeiienil Ii diH-Kubl>or Manufactory at Brussels, 
has published, in the Bevue Untverselle des Mines, de la Meia/lurgie, des Traraua' 
Publics, des Sciences et des Arts appliqnis a P Industrie, an interesting description of 
their india-rubber works, from which the following information is extracted. 

The applications of india-mbber to indnstrial purposes are exceedingly numerous, 
and are increasing daily. *lt8 elasticity, its tenacity, added to which, the propiTty 
It possesses of being completely homogeneous and impermeable, recommend it for a 
vast numlier of uses iu which it would be difficult to find a substitute.' — A. Stkvart. 

The various kinds of joints which are ubihI for water pipes, gas pipes, and Hteam 

5 ipes. may be classed in several categories, and are all practicable with iudia-rubber. 
'he flat washers for flange joints are made in various qualities of material, but most 
frequently by means of one on several cloths dipped in the paste, and intended to 
prevent the lateral extension which would take place in pressing the surfaces together, 
as well as by the heat, in the case of joints with steam at high pressure; the iiumlier 
of cloths depends upon the thickness of the washer. Instead of being parallel at the 
surface, the cloths are frequently disposed concentrically, and are placed atadirtance 
from each other of from 2 to 8 millim^res. 

The same result may be obtained with felted 3276 

india-rubber, that is to say. mixed with 
fibrous matter, such as woollen or cotton 
waste, &c., which by their resistance admit 
of greater tenacity, and cause the lateral 
extension to be leas felt. 

In laying the flange pipes, adjusted as 
shown in Jig. 2276. it o^n happens that, 
througli the negligence of the workman, the 
centre of the washer does not coincide with the 
axis of the pipe, and this causes a projection 
in the inside. When this defect presents itself at the lower part of a steam pipe 
ii prevents the waste water fom running off; it is liettor, therefore, to adopt the 
system representid in/y. 2277, where the washer is kept in its place by a flange at 
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one of the ends of the pipe ; the play loll betweoii thu two pipos odiniU of oaponeion, 
without oaueiug any danger. 

2277 2278 



The washers with circular section which are used for joining the pipes {fig. 2278), 
are especially employed in the ingenious system of which M. Lboa SomzjL is the 
inventor. The washer is intro- 
duced by being rolled into the 
annular space between the two 
ends, called male and female, 
of the jointing pipos, and is 
kept by the conical form of the 
male end in a perfect state of 
compression {fig. 2279). 

Id making DaLPininaNaKs 
joints it is necessary to use a 
ring forming a band, which, 
placed on the flanges, which are 
close to each other, of two pipes is compressed and kept in its place by an iron hndle, 
terminating with two claws, which are pressed and brought together by a bolt. A 
copper sheet, p {figa. 2280 and 2281), keepe *he rubber agamst the pipe, where the 



2280 2281 



claws are. Fw. 2280 is a yiew of the joint ; fig. 2281 gives the cross section, with a 
lateral view of the joining, sLudfig. 2282 represents the longitudinal section of the 
pipes and joinings. This system has been at work in the water distribution of 
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Lille and Valenciennes. Lastly, ceitain joints are made by means of a coid, either 
round or square^ made of india-rubber alone or of felted rubber, which is placed in a 
groove of the two surfaces which have to be joined {fig. 2283), and when not joined. 
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piMjecting oxtit them. Tho comproMion of thiB oord hermetically clueee the two 
ends. 

India-rubber is also largely employed in transport. On the railways, the buffers 
are furnished with a series ui washers of rectangular shape about 2 in. in thickness, 
separated from each other by sheet-iron plates, which allow each washer to be com- 
pressed singly, so that every 

adraiitage .is derived from the 2284 

cliaracterirtic property of the ^ 

material. To allow the passage 

of the buffer rod, these washers H R fl fl 

are pierced in the centre with a S H ^ || 

hole, the diameter of which is ( | 

larger than that of the plates, - ^ 

in order that the dtpression of f “ 

the washer may not drive back jtwvaar V— ^ H — 's 

Uio rubber against the rod. nmlHlll ' f 

her the same reason, tho sheet- ( \ 
iron plates' are of • larger dia- V > 

motor to prevent the rubber r I B S , ^ 

from being pressed back beyond V 

llieir outer edge 2284). 

In the constructiou of pas 

seiiger carri.vges, arched pieces 1 1 B B 

are used, which, being fixed H B B Bi 

in the iiiHide of the wainscot- 
ing of the doors, receive tho 

shock of the glass windows as 2285 

they are lowered, and pre- 
aerve them from the breakage 
to which they would be ex- 
IKised without this precaution. 

in the tramwnys, the springs 
are replaced by buffers, taking 
the form oi two truncated 
cones, united by their great 
base {Jiff. 2285) ; these buffers, 
placed between the box and the 
Hxles, weaken, by their elas- 
ticity, the jolting of the cars, 
and render the motion exces- 
sivel 3 r smooth and gentle. The 
tenady rtreugth, and dur»- U**.™*., 

tion ot the springs depend ui 

the proportion of foreign mat'er which the material contains ; there ought to be only 
a SDmll prc^rtioii, but a certain quantity is essential, in order to give them the 
retjuisite body and solidity. The use of these springs in the wagous belonging to 
mines and qnames would, undoubtedly, diminisn the deterioration in the rolling 
stock by preventing the violent shocks which are frequently caused by the dilapidation 
of the roads. 


India-rubber is also used for the outer rim of wheels for vehicles used in mil 
way stations, large manafaetories, entrepdts, &c. In this case, the metallic rim of 
the wheel takes the shape of a groove, in which the elastic band is embedded ; the 
diameter of the latter is ordinarily calculated at four-flilhs of that of the wheel. 

Bo^ locomotives appear to have acquired an increase of tractive power by the ap- 
pliwtion of similar bandages. There is no vehicle, even down to the velocipede, 
which does not make ute of this material, endowed as it is with so many precious 
qualities. 

It enters lax]p;elv into the construction of machines, and especially of pumps. The 
clappers vary in form as well as in thickness ; some are round, others are square or 
rectangular. The seat on which they rest has several apertures, they are thus sup- 
ported otherwise than on their edges, which preserves them against the pressure. The 
metallic bra^work which fbrms the eeat ought to present no projecting edge, which 
would enter into the material and cause epeedy detenoration. These clappere are, for 
the most part, made of simple india-rubber^ but sometimes cloth is put between to give 
them grester tenacity. The special circumstances under which they have to be em- 
pl^ed will guide the maker in the selection. 

Certain valvSs are eompoeed of a simple metallic sphere, covered with indiu-nibber, 
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which, brnn^ niiied by the liquid, IkUe down again as the piston desoends, on the 
orifice it is intended to close. In order that these valves may retain sufficient supple- 
ness to admit of their hermetically closing the 
2286 orifice, it is better that they should consist of 

a hollow india-rublier sphere, filled almost en- 
tirely with small shot. 

An ingenious application of india-rubber is 
that which has been made bv M. Fikui, in re- 
spect to a valve composed of two india-rubber 
discs {fig. 2286), slightly conical, and placerl 
face to ^e. Those discs are flat and pierced 
with a hole in the centre, but they are com- 
pressed, and made to assume a coni ‘ul shape by the metallic pieces which retain 
them, in the interior. Their extern.il edges are in contact with each other, and 
nmintnined thus by the pressure which is exorcised on their outer feces. Tlie prin- 
cipal merit of these valves is their perfect resistance to the strongest pressure; in 
f;iCt, their action being exerte<l in every part at the same time, tlie lips of the valve 
are foicod against each other, with an oneigy which is groat^cst when the pressure ih 
strongest. Messrs. Whitley Partners, of Leeds, have applied this valve to all kinds 
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of pumps, for pumping either cold or warm u.'iter 
or other liquids at pressures rising as high ten 
and even thirteen atmospheres. 

Pkoreaux valve is exclusively eompf>seflof india- 
r d)bor. The side {fig 2287) goes gnuimilly tlunnrr 
until it comes to the sharp edge a h, which is 
split, and opens out a little under the pressure of 
tlie liquid inhaled ; it closes sgain ns soon .is llic 
piston liegins to descend. 

Hydraulic press rings made of india-rubber 
replace advantageously those covered with leather, 
which are high in price. I'hose rings are moulded 
{fig. 2288) in exactly the form required, and tliey 
are much more flexible than leather ones, eveu of 
the very best quality. 

India-rubber is well adapted for the clappers 
of blasting machines. The firm of Cockrkili., 
at Beraing, use it for that purpose in their works 
for the manufiictnre of Bessemer steel. Those 
clappers, which have to do an onor nous quantity of work, last from three to four 
wpi'kH, notwithstanding the eminently unfavourable conditions under which tliey work, 
and the immense wear and tear to which they are subject. 

India-niblier pipes, by reason of the multiplicity of their uses, and the diversity of 
their composition, form an important branch of manufacture. Those that are used 
for gas, acids, &;c , and have to bear only a feeble pressure, are made of pure rubber 
by simply rolling a strip of piwto round a mandrel ; tbe soldering is easily effected by 
contact merely, and is consolidated by the pressure of two small blades worked by 
hand. To prevent the paste from adhering to the mandrel, care is taken to do it over 
first with powdered talc. Sometimes several si rips are placed one on the top of the 
other, the number being determined by the thickness of the pipe which is being made. 

When the tubes are intended to be subjected to a certain pressure, the^ are couno- 
lidatcd bv the insertion of one or more layers of cloth, the cohesion of which prevents 
the swelling of the pipe, the wearing away of the sides, or their rupture under extra- 
onlinaiy pressure. These pipes are generally formed os follows : — A round of india- 
rubber on the mandrel forms the first tube, over which a strip of cloth is rolled, done 
over with india-rubber by a calender; a fresh round of pure p^te is followed by a 
second covering of cloth, and the operation is repeated acconiing to the number of 
folds the pipe is intei^ed to have: this number of lolds depends on the diameter, and 
inereuses generally with it. The outer envelope is in india-rubber, so that the pifNW 
seen in the diagram represent rounds of cloth oomjiletely steeped in paste. By in- 
creasing the number of rounds of cloth, we obtain pipes capable of reeisting tbe 
strongest pressure. 
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All thwe kinJ« of tubes can only be Tuloftnised after thejr have been fliniihed. They 
are put into a vehicle which runs on rails, and put into a boiler 20 yards long, specially 

*^T?Pavoox manafhctures a particular kind of pipe, for which he has taken out a 

_ • m M . 1*1 *1.1. .MiViluia anil itan 
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i^st moisture, * , . i j 

leather, consequentlv, in case of lire, a man can earry a much len^h, ana can 

mount a ladder wilS it much more easilyi The application of india-robber sheets to 
the interior of these tubes prevents the infiltration of water into the pores of the 
tissue ; it also prevents any loss of liquid, and protects them ttom injury. The re- 
sistance is very considerable ; a diameter of If m. will bear a pressure of fifteen at 
mospheres, and one of f in. will bear twice the amount 
of pressure. They are used for fire engines, for brewery 
funnels, water pipes, steam pipes, &c. 

The ropes ueea for wadding, which are made of cloth 
done ever with india-rubber, are made without core, that 
is to say, without any inner nucleus in pure rubber; they 
are generally used concnrreDtly with hemp for furnishing 
stuffing boxes, and with the best results ; the flexibility 
of the hemp i^mite of the expansion of the rubber, and this, in its turn, corrects 
the want of compactness presented by textile fabrics (fig, 2289). 

Str.ips merit special notice. They are composed of a certain num1>er of folds of 
cloth done over with rubber, alternating with layers of pure mblier. The number of 

folds, and consequently the thickness of the strap, is in proportion to its width : for 

this reason, when the width is above 10 centimetres, there are at least three folds ; 
above 16 centi mitres, four folds; and above 26 centiraitres they have from five to 
seven folds. They are made of all lengths in a single piece, and are joined^ exactly 
like those in leather. They work as well in water as in places heated to n high tem- 
perature. Their use is becoming very general, for besides being less costly than those 
m leather, they adhere much bettor. It is important that the several cloths of'which 
they are made should not slip one over the other, and that they should be made to 
adhere firmly by the intermediate layers of rubber. This object is attained by their 
being vulcanised in the press. Fig. 2290 represents the section of one of these straps. 
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India-rubber has been used for some time for covering metal rollers employed for 
sizing and finishing cloth ; wooden rollers are replaced by metal ones, which prevents 
the necessity of using paper or cotton for stuffing the iuside of the dressing cylinder ; 
it also does away with the use of linen or woollen cloth for the external covering of 
the roller, one or more sheets of india-rubber being now used instead. Manufacturers 
find great advantage in this. The size, whether coloured or not, adheres sufficiently 
to the rubber to admit of either threads or tissues being well sized without any ab- 
sorption of the material by the rublier: the size, therefore, as well as the colouring 
matter, can be taken off the roller by aimply washing it with water, which permits 
the immediate use of the same apfjaratus for sizing in other colours. The india- 
rubber covering, by adhering thoroughly to the metal, and having none of those pro- 
tuberances caused by the crossing of linen or woollen covers, presents a perfectly 
smooth and re^lar surface, and gives greater uniformity to the sising. In short, the 
size not being in contact with the fire, in consequence of the impermeability of the 
rubber, there is no fear of any of those re-actions which might happen with certain 
colouring matter. 

The thickness of the covering varies from 12 to 16 millimetres, accoiding to the 
diameter of the Cylinder. To have it in good order, one surface of the cylinder should 
be p^irfecUy smooth. 

Billiard makers secure great elasticity for their side slips by using india-rabber, to 
which they give various shapes at discretion. The material used for this purpese 
ought to have rather greater density than the raw rubber. 



188 CARBONIC ACID 


Our Imj»rta of CAontehouc hato been in 1874 and 1876 as fallow : — 



Countries 

1874 

1 

1876 1 

From 

Germany .... 
Holland .... 

owt. 

1,618 

Value, 

£12,024 

owt. 

1,686 

Value 

£11,367 


1,707 

12,728 

1,686 

12,922 


France .... 

2.078 

20,977 

— 

— 


Portugal .... 

3,033 

81,838 

2,222 

21,191 


W Coast of A fnca, Foreign : 
Fernando Po 

780 

6,228 

1,667 

10,717 


Portuguese Possossious . 

8,027 

26,792 

3,066 

24,104 

» 

Not designated 

13,297 

90,937 

9,428 

62,632 

» 

Madagascar . 

— 

— 

2,0 »2 

16.410 

ft 

United States of America . 

6,136 

56,283 

9,013 

96,722 

89 

Central America 

5,235 

42,030 

6,899 

47,408 


New Granada . 

6,716 

69,337 

3,518 

30 876 


Ecuador .... 

3,354 

29,763 

3,816 

29,380 


Brasil .... 

B6M0 

720.210 

82,246 

1,016,204 


W. Coast of Africa, British : 

2, .573 

22,232 

1,844 

13,726 


Mauritius 

6,984 

60,090 

2,726 

22,939 


British India . 

9,841 

72 163 

10,417 

72.680 

19 

Straits Settlements . 

7,101 

52,878 

8, .509 

66,401 

91 

other Countries 

059 

12,095 

2,978 

22.890 


Totol 

129.163 

1,326,606 

158, .564 

1,670,668 

m 


Manufactures. 


Countnea 

1874 

1H75 

1 From Germany .... 

„ HiiUand .... 

„ France .... 

„ other Countries 


Value 

£46.897 

12.964 

28,120 

6,066 

lb. 

53.5,163 

91.192 

119.947 

31,485 

Value 

£64,631 

17.886 

12,895 

4,261 

Total . . 

668,082 

93,036 i 

777,787 

99,073 


Onr Exports of oioatchouc maiiufacturos were of the following values:— 

1878. 1A~4. 1876. 

909,287/. 901,703/. 843,440/. 

Caoutchouc British manufactnros exported in 1876 were of the 

Value of 771.861*. 

Of foreign and colonial manufacture : — 

69,861 cwt. Value 630.740/. 

dJUUMLSOb A command obtained in the purification of crude anthraeen on 
the large scale: is its composition. The compound of carbosol with picric 

acid, 0*H* (Wo*) *0, forms beautiftil red needles slightly soluble in bensene 

and in ether. — ^W attw8 IHctionarp of Chemistry, 2nd Supplement. 

OABBOWATB. A name sometimes mven to the black diamond or Bort 

dAWBOUG AOIDa (Vol. i. p. 718.) It is recommended to be us^ flor the 
preservation of meat, Ac., employing 1 part in 278 pi^ of water. 

OJkMMOMEO AOIB (djoziae of carbon, carbonic anhydride 00*) as a moHvo 
power.— ^inee the question of employing liquid carlK>nic acid as a motive power has 
become one of interest, it is important that some notice of the means employed for 
producing this liquid form should be given. The ordinary carbonic acid gas (carbonic 
anhydride) passes to the liquid state at the sero of the Centigrade scale, 82^ of Fa^.i 
undm a pNssure of 86 atmospheres. 
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Faradat liquefied carbonic acid, by acting on carbonate of ammonia, in a aealed 
bent tube, wiui sulphurio acid, but the quantity thus produced vai vezy emalL 

Tkiloiubb need two rery strong iron cylinders eapiade of holdins about 10 parts. 
Into one of these cylinden is inteodnced 4^ lb. of carbonate of soda and 7 pints of 
water. A copper tube contain!^ about 2^ lb. of strong sulphuric acid is placed ver> 
tiaiUy in this cylinder, which is closed itoly by a peculiarly constructed cock. By . 
Carefully .-inclining the cylinder, the acid is mode to mix with the soda and water. 
Carbonic acid is liberated, which is condensed by its own pressure— the (^linder being 
kept cold— into the liquid state. After a little time the generating cylinder is con- 
nected with the second cylinder by means of a copper tube, which cylinder is careMIy 
cooled. The carbonic acid, when the communication is opened, distils from the warm 
cylinder and is condensed in the cold one, so that by continuing and repeating the 
operation a large quantity of carbonic acid can be thus obtained in the liquid state. 

Liquid carbonic anhydride (the term carbonic acid is strictly now confined to the 
solution of this gas in water) is colourless ; it does not mix with water, but is soluble 
in ether, alcohol, and the volatile oils. According to Tmilobihr its spMiflc gravity is 
0*90 at 20° Cent., 4 below zero of Fahr., 0*83 at 0° G. 32° Fahr., ana 0’60 at + 30° 
Cent. 86° Fahr. 

CAiLLsrsT condensed carbonic acid by mechanical pressure only. Gorb obtained 
the liquid acid in small quantities in stout glass tubes closed with gutta-percha 
stoppers, but the quantities thus obtained were smalL 

Professor Bkiks proposed some time since a new method for obtaining liquid car- 
bonic acid or, as he termed it, oarboleum. If bi -carbonate of soda be heat^ in an 
inclosed space to a fdven temperature, a part of the carbonic acid in chemical coin- 
binatiua with the alkali is disengaged, and if passed into a receiver and cooled it is 
condensed to a liquid by its own pressure. Thus, for example, if bi-carbonate of soda 
be heated to about 700° Fahr. in a perfectly close and strong vessel, liquid carbonic 
acid of a pressure of 60 atmospheres may be obtained at the ordinary temperature of 
the air. Professor Brims calculates that with carboleum, as he terms it, of 60 at- 
mospheres* pressure in the receiver, about 31 gallons would be sufficient to do the 
work of one-horse power for an hour, and tiAing into account tliat, on hit own esti- 
mate, about 7^1 lb. of coal would be required to produce and utilise that amount of 
carlioleum, it will be seen at once that it cannot compete with steam as used in modem 
en^nes. 

Professor Brims, however, thinks that the prwess of producing carbonic acid and 
reproducing carbonate of soda might go on continuously. Supposing the carbonic acid 
to have been employed in moving an engine, it might be reabsorbed by the residuum 
of the bi-carbonato of soda ; and assuming those operations to go on without foil, it 
will be readily seen that the receiver need only of sufficient capacity to contain 
enough carboleum to keep the engine at work while the carbonic acid is reabsorbed 
and rogenaratod from the soda. Although this regenerative process is theoretically 
possible, it will be understood that many difficulties must be overcome b6fi>re it can 
be of any practical utility. An attempt to utilise the discovery of l^fessor Brims at 
Vienna has been unsuccessful up to this time : it uses up at least 7 lb. of coal for every 
31 gallons of carboleum utilised in the engine. 

The Americans have drawn attention to the use of liquid carbonic acid for driving 
torpedoes, and they have constructed special peculiar apparatus for preparing the 
liquid acid. The method of pronaring the carbonic acid adopted at the United States 
Torpedo Station, Newport, llnoJe Island, is not, however, adapted for use on board 
ship, as a oonmreBsing pump requires to l>e worked by a steam-engine and a freesing 
mixture or refrigerating machinery is also required. In the improved apparatus in 
the United States the freezing mixtures are diiqiensed with, but a steam-engine is a 
necessity. The latter is us^ to compress air to a pressure of 70 lb. or 80 lb. per 
square inch, which is employed to drive the pump for comprossingthe carbonic acid, 
the exhausting air supplying also all the refrigeration necessazy.^The gas generators 
consist of a oouple of castriron vessels, one ^ which keeps up the supply while the 
other is being (ma^ed. Carbonate of lime and Water is pla^ in the generating 
vessel, and a sufllcient quantity of acid is permitted to enter from a vessel placed on 
the top, an ^tator revolved by a hard wheel securing the due admixture of the in- 
gredients. the geneiator the gas is taken by means of a lead pipe through a 

' washer,* containing water, to a receiver, where it attains a pressure of at least 100 lb. 
to the square Inch. Fron the receiver it passes through a refrigerating vessel, and 
thence to the compressing flinders, which are of steel, the pistons having small steel 
valves. Being already under a high pressure, the strain on the pump is much less 
than it wonld be if the gas were taken at atmospheric pressure, and the amount of 
comnresiion to be done is of coarse less. From the pump the carbonic acid passes to 
the holders, vessels placed in a tank oontaining the freesing mixtnrq, or in a chambw 
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into which tho exhniut from the pnmp worked by oomprcsned air dinchargee. After 
man^ experimentfl, it it found that tliene holdera or flasks are boat when roarlo of sue- 
eemiye layers of Qne sheet steel less than A th of an inch in thickness. The sheets are 
placed BO ns to break joint and are soldered together with pure tin, the outer one 
being lapped and riveted, thus forming cylinders which are closed at each end l)y 
means of cup shaped^ h^ads. The cost of producing the liquid carbonic acid by this 
means is variousiy estimated at from Od to lOd. per pound, according to circum- 
stanees and locality, and is prolmhly the cheapest roethM of production at present 
known. The simplest method consists in an amingement b^ which the reservoir is 
charged by means of a series of condensations, tho gas condensing into the liquid form 
by its own pressure ; Init by this method a large quantity is lost by the necessity for 
allowing the unconden*-ed portion to escspe at each recharging of the reservoir ; 
where, however, the latter is small, the loss will be covered by the greater simplicity 
and cheapness of the apparatus. 

Br. Aimauws has investigated the oifect of pressure on carbonic acid at various 
temperatures ; these researches are especially important in connection with the appli> 
cations of this l)ody as a motii^e jMwor, and should be consulted. Philoanphical 
Trangfuaionst p. 676, 1869 ; see also Watts's Dictionary of Chemistry^ articles Oxides 
of Carbon, &c. 

OJkMSOVXm. A name given to a peculiar variety of coal found in Virginia. 
It is called also * natural coke.’ Sir Henby Wubts. of Hoboken, N.J., speaking uf 
this coal, says On first examination of a sample of the substance to which the name 
of carhonite hnM lieen given, my surprise was not small at failing to recognise in it one 
individual characteristic of true coke ; neither the hardness, lustre, colour, straik, 
porosity, sonorosity, structure, fracture, nor any of the so>calloJ * pyrognostic' cha 
raoters. Indeed, comparison with any coke, or variety or modific.it ion thereof, seemed 
out of the question, ^erefore the controversy rogaiding supposed trap d^ken, whose 
existence st tho locality is denied by some, seems useless, as we have no question of a 
nuMiml coking, there having been no coking at all. 

Anulysis made in the usual way practis^ with bituminous conis, gave — 

Water 0*44 

Volatile combustible matter . . . .14*08 

Coke 77*17 

Ash 8*31 


100 00 

* Deducting the water and ash, this corresponds to — 

Coke 84*67 

Volatile combustible ...... 16*43 

100*00 

* On very slow and cautious heating, much of the volatile matter may be caused to 
escape and made to condense as an almost or quite colourless oil, mistakable for 
water, without much trouble, by a person making an incompetent examination. The 
streak of the minornl is brownish, with waxy lustre, and toe powder brownish. In 
fine powder it is readily dissolved by hot nitric acid to a red brown liquid, after the 
habit of bituminous coal generally, and certainly unlike any conceivable coke.’ 

In a disenssion on carbunite at a meeting of the American Institute of Mining 
Engineers, Dr. Stbubt Huxt remarked * Mr. HKiiricicu stated that this cool owed 
its peculiar character to the original conditions of its deposition, since it was underlaid 
and overlaid by ordinary bituminous mal Thus, in like manner we have layers of 
mineral charcoal, so called, the formation of which is apparently dne to advanced decom- 
position before subme^ence. There is an instance in Silesia, where an upper stratum 
of coal is much lees bituminous than a lower— a condition of affairs the reverse of 
what would have been caused by internal heat. Wobhlut has found, moreover, toft 
the amount of water in samples of coal from the same bed of the Hocking Valley coal- 
field varies eonsideiablj.’— of the American InetUuUtf Mining Knginmre, 
vol. iii. 1875. 

OASMV, tmLnaa. This substance is a venr powerffil disinfectant ; large 
pieces of veal and beef in bell-jars, containing a basin with sulphide of carbon, re- 
mained uncbai^;ed for 32 days at 16^ and 24*^ Cent. 

Fowls and pigeons, embowelled and partly plucked, kept equally well. 

Baked hot meet placed in moist air containing the vapour of sulphide of eaifaflo, 
did not become mouldy in 14 days. 
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Orer-ripe plumi wwe kept without change for 192 days. This sabetanee etopa tlie 
ftfmentation of a eugar eolation. Urine treated with thie vapour etill gave the 
leactione of fresh urine after 18 days.— CStcM. G«i, Ber. iz. 

- Cmtals are obtained from the Nauheim spring which have 
nearly the same oompoaiUon as the Hassfttrk oarnallite. In these BoTTaan fouLd 
(itesium, rubidinm ana thallium. HaMiOBBACiun has now treated camallite with 
water, and- in the resnlting muther-liqnor and eiystals, by examining the platinum 
■alts with the spectrosoopo, he has detected thallium hi the crystals and rubidium 
and cesium in we motherdiquor . — AnnaUn der Chef^ite, elxxvi. 

CJkMBWTM and KVM. (Vol. i. p. 782.) See Woollux HIsNiiVAcruan. 

OABTOTA. A genus of very elegant lofty palms. The fibre obtained from the 
leaf stalks, called Kittul or Kitool fibre, has great strength, and is used for making 
brushes, baskets, and cordage. A woolly scurf scraped off the leaf stalks is used fur 
caulking boats. See Tkxtilu Mathrials. 

CAUL. (Vol. i. p. 744.) See Wood Working MACHixa. 

CASSIA TPmA or TAOaBST-vamaT. This plant produces grains known 
in the iSast Indies, Arabia, and Japan as 7bra, but which are known in Pondicherry 
and other parts of Hindostan as I'agere^-vrrty. It is rejpilarly used as a component 
of the indigo vat in dyeing, apparently serving the same purpose as the bran-madder 
or molasses used in Europe. 

The native dyers nse the Taatrep-vere^ \n the following manner: — ^Todye about 
200 yards of oluth, about 11| Id. of the grain are stewed in from 6 to 6 gallons of 
cold water, and then boiled fnr about four hours. The grams are swollen and 
softened by this treatment, and the water becomes thick and gummy. The whole of 
this is added to the indigo vat, and allowed to stand for 15 hours, when the vat ie 
ready to dye. 

OASMAW. See Catkcuu. 

OATAVmT. {CatapuHa^ Ijatin.) A military engine used for throwing stonep. 
Used ill a recent patent as the name of a machine for powdering quartz by throwing 
the quarts stones against a disc. See Gou) Uuahtz Gbanulating Machinb. 

OATBCKimr. A silky crystalline eubetance with a pecnliar molh6r-of-^pearl 
like appearance. Zwmnohu gives its formula 0**H'*0*, Naubaurb {Ann, 

der Cnem, and Phar. zcvi.). This substance is much used as a dye stuff. See 
Crook Ks's Dyeing and Catioo Printvng, and Watts’s Dictmiary of Chemistry. 

CATacSV, UklTAA, A name given to a new dye stuff iutrodnced in Germany. 
See Dybs. 

OATBOBir. (Vol. i. p. 740.) A class of astringent vegetable products — which 
is represented by catechu — is extensively used for dyes. Several kinds of vegetable 
extracts, obtained by exhausting the leaves and bark of certain plants and evaporating 
nearly to dryness, are introduced in commerce under the names of entch, eateeho, 
gambler, cashew, and terra japonica. 

All these are used for tanning skins and for dyeing. 

The natural tints which catechu produces — varieties of brown — are modified by the 
introduction of metallic salts, such as iron, manganese, and ooppor. ^is last sub- 
stance plays an important part in fixing the catechu (MM. C. Kochlin and Mathieu 
Plrssy, Bulletin de la SooUti hulustrudle de Afu/AoiMS, vol. zxii.). M. H. Sohlvm- 
BKRUBH, following thosc chemists in their researches, found that sal-ammoniac has a 
specific influence in promoting the oxidation of the eolooring matter of cutch and 
catechu by the oxy-salts of copper. Recently it has been found that the sulphide of 
copper can be advantageously substituted fiir the oxy-iolts of that metal. The bi- 
chromate of potash is idso used for fixing the brown ^ cntch and catechu. CateShn 
serves for dyeing bright and deep browns, fawn, drab, and wood eolonrs. Catechu 
colours are often associated with garancin, pwodneing a brownish red. — Consult Dyeing 
and Calico Pri nting, by William Cuookns. 

OAMAMT* Adoust Aignbb, in the Berg und Huitetmibmieckee Jakrbuchf part 1, 
1875, pp. 184-144, thus deseribes the use of cement in Germany 

* The mannfocture of Portland cement is not so widespread in Germa^ as in Eng- 
land : but something resembling the English material is prepared near Eufstein from 
the natural marl strata of the lower Tertia^ formations. Fiofeasor Fdchb, of Munich, 
thus explains the theoiy of cement manu^ture : — The carbonate of lime beeomes 
caustic on burning, and acts upon the clay in such a manner that the eilicio acid is set 
free by means of the canetie lime, and combines with the lime upon subsequent tieat- 
ment with water, producing a chemical product (hydro-silieste), the prewnce of alka- 
lies by their sabetituflon through heatfovouring such reaction. Farther inveetiaatow 
have shown that cement owes iU quality of hardening to the presence of the silicates 
aiid alumioates of lime formed by the action of beat. The marl ie heated in large 
kilns with small coal, the fire zone being in the middle of the kiln, and the piDoortion 
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of ftiel to marl being; aa 1 to 4. The burnt material ie then ground in a cement mill, 
and packed in casks, the cost oi such hydraulic lime per owt. being 10(f. to ll<f. (40 
, to 46 kreuzers). About Ischl the burning is carried on with wood, the cost being a 
trifle higher. 

To manuflicture water pipes Arom cement, equal quantities of this material and of 
hydraulic sand are mixed with the necessary amount of water, and this mixture is 
poured into the pipe moulds, the sand being previously washed and well mixed with 
the lime in a proper upparatus. The interior of the mould is rubbed smooth with dry 
graphite powder and a linen ra^, an upemtiun taking about twenty minutes. The 
core is then put in, the cement introduced iVom the mixing apparatus, and pressed 
down with a wooden rammer. For a 4-inch tube, 8*6 feet long, 1 cubic foot or 68 lb. 
of lime, and 1 cubic foot or 100 lb. of washed sand, are used. After the mould has 
been filled, the screws that keep it together are made tighter, to insure the cement 
being equally compressed throughout. The exterior form of the pipe is octagonal. 
During the setting, which takes place in from two to four days, the core must, for the 
first twelve hours, be slightly turned every half hour. After twelve hours the core 
may be withdrawn ; and when the cement has set, the exterior walls are also removed, 
and the pipes transported upon their wooden basis to the drying room, where they 
remain sometimes sixty days. The pipes arc cemented to each other by placing the 
ends together, and surrounding them with a mould of leather, into which mure lime 
mixture is poured. This junction is in the form of a ring, and not angular ; and as 
the ends of the pipes are conical, diverging outwards, the cement has no difficulty in 
adhering. It is obvious that the preparation of these pipes can only be conducted 
cheaply if inexpensive motive power ^water) is available for working the washing 
and mixing apparatus. Under these circumstances, a 3 6 foot pipe may be made for 
the following sum : — 


Cement (1 cubic foot) . . , , • 7 '0 pence 

Washed sand (1 cubic foot) . . . . 2'2 „ 

Graphite powder 0*4 „ 

Work , . . . • . • 6 1 ) „ 

Sundries 1*4 „ 
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Ddaking about 6d. per foot, while the price per foot of a 4-inch cast-iron pipe may 
be set down at 4s. 6^. 

Cements for Gas Retorts . — Water glass mixed with from 3 to 4 parts of cloy fur- 
nishes a very useful cement. 

The poor kinds of china clay mixed with a solution of caustic soda, or a concen- 
trated solution of carbonate of soda, form good cement. An addition to the clay of 
10 per cent, of caustic, or 20 per cent, of c^cined suds, is required. The mass when 
mixed is always ready for use, as it never hardens without heat. Rhalky’b cement is 
said to be nothing more than a mixture of china clay and caustic alkali. — F. Gapitanr, 
Dingl. polph. J. ccxr. 

Cements of Plaster and Lime . — The actions which occur during the setting of 
plaster are three, and may be seen with a microscope. These have been studied by 
fe. Landkin: 1st. The burnt plaster in contact with water becomes crystalline; 
2nd. The water surrounding the crj'stals dissolves a certain quantity of the sulphate 
of lime ; 3rd. A portion of the water is evaporated by the heat of combination and a 
crystal forms, which determines the ciystailisation of the whole mass. It is, how- 
ever, only after some time that the mass acquires its maximum hardness, and the 
plaster then contains the proportion of water required by the formula Oa SO* 
%WO. 

Only about 12 per cent of water should be added, ae ordinary plaster alwaya oon- 
tairis about 8 per cent. Yet, in practice, in France, never leae than 33 per cent ie 
added, in order to prevent eeUinK before the plaster can be used ; the effect ie 
to prodoiM a very porous, slowly drying plaster, which rapidly determines mtriflea- 
tion. 

To dimftish the rapidity of sotting ie to delay the crystallisation, which can be 
effected by adding gnm, gelatine, guimauve powder, glycerin, and eimilar bodies; 
while substances such as sand, sulphate of bai;^B, and the like, diminish the solidity 
of the materials wifhont affiseting the desired end. 

Lime has a ftvonrable effect on plaster, oecaeioning more ra^id setting and giving 
hardness. With 1 0 pw cent of lime the plasters are susceptible of a polisli. Samples 
with 76 per cent, of lime have been made } they are very hard and veiy light.-— 
Oomptee Rendus^ Ixxix. 
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Hie eementi of Britidi mannfactoxe exported were oe follow 

owtt. Vatoe 

In 1873 . . 4,848,834 . . . £660,444 

In 1874 . ... 4.0pp,888 . . . 728,042 

In 1876 . . . 4,019,646 . . 642,814 

onzuiB. To prepare pnre oerinin the following proeeae la reeommendad. 
Finely powdered eerite ia made into a thin paete with anlphuric add, kept warm for 
eeveral hours, then gently heated. The white powder is then exhausted by repeated 
treatment with boiling dilated nitric acid. The Bltered solution, after treatment with 
sulphydno acid and flltration, is mixed with a little hydrochloric acid and oxalic 
acid. The oxalates ai^e ignited in a platinum dish, with constant stirring, and 
dissolved in rather strong nitric acid. The solution is evaporated to a qrmpy 
consistence, and then mixed with a large pusntity of boiling dilated ml^nric 
acid ; and the precipitate of basic ceroso-ceric sulphate is washed with hot watw 
ns long as the washings give precipitates with oxalic acid. — C. Enx, Zdtseh. /iir 
Chrm. (2) vii. 

For other processes, and for the salts of cerium, see Watts’s JHoHonarjf of 
Chemistry. 

onUBB. The trade name of one of the aniline reds. It is prepared from ma- 
genta residues, and dyes shades indining to scarlet. After the crude mamnta has 
boon toiled in wator and the pure magenta deposited by common salt, cartonate of 
soda is added to the remaining liquid, and the precipitate thus obtained is collected 
and dried. 

Jt is thought to be a mixture of roseaniline with chrysaniline and chrysotoluodine. 
See CiTRisANiLiiTB, vol. i. p. 803 ; and Anilikb Yellow, vol. i. p. 187. 

CBXZTB. Stlietffrous Oxide of Cerium. Its composition is— silica, 21*2; pro- 
tnxyd of cerium, 66*1 ; water, 12*7. It occurs at Bastn&s, near Biddarhyttan, in 
Westmannland. Sweden, forming a bed, in gneiss. 

CBRITBZTB. White Lead Ore. (Vol. i. p. 767 and Lead.) This mineral, of 
which very fine examples have been found in this country — at liead Hiles (^nd 
Wanloch Head, in Scotland ; in the mines of Alston Moor, and in the lead mines of 
Devonshire and Cornwall — is also not uncommon in the mines of Pennsylvania and 
of Missouri. It has been more recently found accompanying tJie galena of Kirlibaba, 
in Bukowina, in crystals of great boauU, moasoring 18 milliro6troB long and 7 milli- 
mitrcB broad, of a yellowish colour. These crystals are but slightly attached to the 
decomposed mica slate in which they occur, and consequently mey exhibit the most 
perfect crystalline forms. — Z bfhabovich, Jahrbuohfur Mvnered, 

OBJBMBBOPB smKZJbZB. The only European species of the palm tribe 
which does not extend further north than Nice. It is rarely more than three or four 
feet high, and in Sicily and North Africa takes the place of our furse bushes. 

The leaves of this palm are commonly used in the south of Europe for making hats, 
brooms, and baskets, and for thatching houses. They also yield a large quantity of 
fibre. This palm covers a large part of the uncleared land of Algeria. Tne fibrous 
portion of the leaves is separated by a vez^ simple process and corded. It is dyed 
with a mixture of logwood and sulphate of iron to give it the appearance of horsehair 
for stuffing furniture, for wh ich it is largely employed. 

OXAZiXOBZDnUTB. Ullmakn found this mineral as a thin crrstalline coat 
investing the Grimeiseustdn. of the HoUerter Zug, Bayn, W estplmlia ( Uerber- 
der mineralogisoh-eii\facheu FouUien). Similar crystals were found by Dr. 
OuioQfT u Nevs Fostbb in the West Pbesnix Mine, Oomwall. The habit of the 
mrtals is to form groups in which they are inclined to one another at slight angles, 
wnile building up a sort of sheaf, somewhat as stilbite does. 

The analysis of Chalkotidorito, by Dr. Fuqet, of the lAboratoiy of the British 
Museum, gave— 


Iron oxide • 

Alumina . : 
Oxide of copper 
Phosphoric a^ 
Arsenic acid . 
Water 

Uraninm oxide 




• 

. 42*810\ 



• 

. 4*449/ 




. 8*148 



• 

. 29*9291 



9 

. 0*609 V 




. 14-009J 




trace 


oxTvsa 

14*91 

1*64 

17*06 


Vot.IV. 


0 


100*944 
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WBeh may ba l ap waa n tad aa— 

Ohalkoriderita - •¥ Pe«H«0« + OiiHaO* •¥ 4HK). 

journal qf the Okmioat ChoUfy, Tol. xfiL 

OUkacy*Ali. ^Vol. i. p. 7fi9.) A full deseription of the oanal i^eHae of 
burning ohueoal ie gpren in the volume referred to, but m some apecial infonnatioa 
ia given in the Handbook for Charooal Bnmert, by G. SvanaLinB, we make a few 
extracta of intereat from that work. When we oonaider that in America a single 
bUat-fiirnace conaumes daily the churcoal produced by an acre of densely timbered 
land, and that the United States consume, for iron making alone, the charcoal pro- 
duced from 1,000 acres of forest land every week, or some 600,000 tons a year, it ia 
seen how vast is the consumption through this channel alone. Yet it takes a gene- 
ration, at least, to bring these deforest^ areas into bearing again, while double that- 
time islrequired to bring the timber to maturity. Others have calculated that an 
acre of good 4-foot coal has the same calorific power as 260 acres of American forest, 
and that an acre of coal ^kth of an inch thick equals in heating power a year's growth 
on an acre of French woo^nd. 

The following remarks on the charcoal manufacture of Sweden have an interest of 
their own. Our author says : — 

* The timber being duly felled, cut up, and dried, the modes in which it may be 
charred are perplezmgly numerous. There is, however, one principle which rules 
them all — the lower the average temperature at which the charring is conducted the 
better will the result be. If the process be hastened unduly, half the charcoal that 
might have been obtained by a slow process is wasted. Bearing this in mind, and 
also the correlative necessity of admitting only the minimum supply of air, we may 
adopt the horizontal hearth pile with chimney and covering, or the standing pile 
with eentre block and horizontal hearth, or the lying (or rectangular) pUe — «b we 
prefer. ^ 

' One or other of these methods, or a modification of them, is always adopted in 
Sweden, and curiously enough they each appear to be— when properly conducted and 
locally modified — equally effective. The main distinction is between the standing 
and the lying meUer, according as the wwd to be operated is ranged in vertical or 
horizontal layers. The standing metier is more generally used in the north, and 
consists of a circular pile, in which the billets are ranged on end round a central 
wooden chimney, in which the fire is kindled, the whole being covered by a thatching 
of brushwood or turf, on which is packed a layer of charcoal dust (or, in default, 
sawdust or dirt) to exclude the air. The hearth, or ground on which the wood is 
piled, is an object of the greatest solidtude to the careful charcoal burner. The 
hearth-ground should be diy, solid, and free fri>m draught. The more it is used the 
more v^uable does it become, and it is ruled that when a good hearth is found it 
should never be deserted, even though in process of time — the trees of the vicinity 
having been consumed on it — wood has to be hauled to it from a distance. That the 
hearth should be in a position where water will not stand at any season, though a 
supply should be near at hand, is considerod indispensable The pile l^ing once 
alight, the attention of the charcoal burner is directs to keying up just sufficient 
draught to maintain the combustion, which ie effected by making small orifices in the 
dust covering : these, however, must be stopped, and o]Mned in a fresh place, when 
the wood adjacent to them is charred. The rule to be observed is that the draught 
be led through the unignited fuel from the point at which the fire was kindled. 
Smoke vents, to prevent explosions, have also to be cautiously opened, and the 
covering, which is apt to fall in, maintained, and for the two or three weeks during 
which the process lasts a constant watchfulness has to be maintained. As, how- 
ever, the actual labour ^uired, when once the pile is erected, is small, it is eco- 
nomical to have several piles burning simultaneously close together, so as to be under 
the charge of a sinjgle operator. When the charcoal is removed firom the pile, it ii 
important to stow it at once in sheds, as it deteriorates rapidly by exposure to the 
weather.' 

Foucault introduced a process in which the troublesome dust and brushwood 
ooverii|ftof the metier is repiaoed by strong wooden frames covered with loam, which 
can bereadily taken to pieces and transported from place to place when one locality 
has been exhausted. In a somewhat similar system, that of Dsomart^ the wooden 
frames are repiaoed by a sheet-iron casing constructed in sections, which can be readily 
put together wherever a suitable hearth site is found. 

Charooal from i^weed , — ^At Noirmouti^ more than 200 frumaces are constantly at 
work moni&ctnring seaweed charcoal. This charcoal is valued at from 80 centimes 
to 1 franc per hectolitre. 100,000 kilos, (of 2,204 lb.) of fiweh weed mill give 
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SOfOOO kilof. of diy material, or 6,000 Idloi. of diarooal, arhioh,' whea ineinaatal, 
jield from 8,600 to 4,000 kiloi. of a^ine matter. 

Seaireeda whieh abonnd m potash, as the Xaminorja, o||ntain more Iodine than 
bromine. In Fuotit nodoBUi^ F. ifetioidotuB, and F, frnoHoawBt soda predominates 
and bromine is more abundant than iodine . — Lea Mondea, May 1876* See Sna- 

^oiiiAmiMOOraA OI&i An oil extracted from the seeds of the O^ftioeardiM 
odoratd, an Eaet Indian tree, abundant in the hot valleys of the Sikhim Himalaya. 

The pure oil has a sp. a. of 0 9. If prepared by means of heat, the oil turns first 
of a burnt sienna colour, ^nging into olive-green with acids. 

The seeds are beaten up with clarified butter and used by the natives as a remedy 
for cutaneous diseasea.>-W. Dykocx, Pharm. J. Trana. vi. : se^ The Tramry of 
Botany. 

OSnSB. In making Roquefort cheese Blondeau found that the •eisein can 
be converted into a fatty substance by the common mildew fhngus {PeMoiUium 
glauoum). 

Swiaa Chaeae is thus made :~The milk in large copper pans is treated with rennet, 
nnd a geUtinoufl mass is obtained. The whole is left to ^tself for a quarter of an 
hour, and is then stirred up until the mass is broken into small pieces about the sise 
of a pea. when the pan is heated to 56° with stirring for an nour. The whole is 
fiii})jpcted to pressure aiid the whey separated. The mass is then placed in a cellar, 
and tillnwed to remain at a temperature of 10° or 12° 0.' 

The outside is daily rubbed with salt until it is removed into the warehouse, and 
left to ripen slowly. 

F OouN wnting in Dtngl. polyl. Jour, says : * The ripening of the cheese, by 
which the white, sweetish mass gradually attains the desired pungent taste and colour 
and translucent consistency, is a genuine fermentation, taking place under the influ- 
ence of ferment organisms. The fermentation begins in about 24 hours, and is 
accompanied by a free evolution of carbonic acid. 

Cohn thinks that the retention of the whey in the cheese is advantageous, its lactose 
being converted by zymophytic fermentation into l>ut;pio acid. 

onSBTXJCTB. Ahunte or Blue Carbonate of Cop^ in New South Walefe is 
fbund massive and crystallised. The best specimens or the latter come from the 
Cobar Mines. They often assume a radiated concretionary form, with the terminal 
planee of the crystals studding the surface of the balls in the form of small projections. 
These concretions vary from almost imperceptible points up to balls several inches 
in diameter, and as they often occur diffiised through a pale grey or green-colonred 
Bteatitic clay, they present an extremely pretty appearance; at other times the 
crystals are eet off by a dazzling white felspatbic clay. Well-developed crystals are 
also found lining vu^ cavities. 

At Cobar, Ghesnylite is associated with atacamita in addition to the other more 
commonly occurring ores. 

At Woolgarloo, Cheasylite occurs with native coppiw, cuprite, and malachite in pink 
and white fluor spar. This mixture has at times a pleasing effect, from the manner 
in which the copper minerals are diffbsed through the cracks and reticulating cavities 
in the fluor spar. Something of the same sort of thing is to be seen in the fluor spar 
from South Wiseman's Creek. 

Amongst other localities in New South Wales for Chessylite are Inverell, in quarts 
veins ; Bathurst, Peel wood, Icely, and Ophir. 

OSnrA C&AT. See Olat. 

OS&OBIVBa (Vol. i. p. 780.) In manufkctnring chlorine by Deacon’s process 
(vol. i. p. 700) it is found that the yield of chlorine, which is abundant at first, 
becomes after a time less and less, until it is reduced to almost nothing. This 
appears to be due to absorption ^ the clay balls of the sulphuric acid always present 
in the gases operated on. B. Hasbnclbvxb axamiued some clay balls which had 
ceased to act and he found in them 1*2 per cent, of copper, and 6 0 per cent, of sul- 
phuric acid, whereas balls freshly saturated with sulphate of copper contained 1*2 
per cent, of copper and 1*6 per cent, of acid only. 

In the manufacture of sulphate of soda the hydrochloric acid set free is evolved 
partly from the pans in whicn the sulphuric acid and salt are first mixed, ai^ partly 
from the ovens in n^ich the mixture is afterwards heated, the gas from ue ovena 
always containing much more sulphuric acid than that from the pans. It is found 
in practice that lu ^ose fketoriea where the gas from the pans alone is used for tlio 
prepaiatien of chlorine by Deacon's method the process goes on for many months with 
the^ same decomposing materials, but when the gas from the ovena is also used, the 
aetivity of the matariali ceases much sooner. M. B. Haswolivib proposed to abMik 
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the* sulphuric acid, and to use the purified gas for the preparation of chlorine.— -IVaf. 
Ch^m, Oet Ber. iz. p. 1 070. 

OB&OMBB or liXnm. At page 781, vol. i. the processes usually employed 
for the msnu&cture of Bleaching Pourder are given. There are a fev points, the 
results of enlarged practice, urhicn require a brief notice in this place. 

Mr. Weldoh has proved the possibility of substituting magnesia for lime in his 
method of regenerating manganese, and this possibility formed tbe basis of his ex- 
jranments upon a manufacturing scale, carried on vhile manufacturers were debating 
tbe relative value of rival processes. 

Before considering the modified process, it 'will he as well to examine the oonditicm 
of the chlorine manulhcture previously to Wbldok*s experiments. 

The more important processes were those of Oxiand, of Maughait, and Tasen db 
Mothay. OxTAiO) passed one volume of dry hydrochloric acid and two volumes of 
air through air-tight reverberatory furnaces, packed 'with pumice stone at a red heat^ 
and chlorine in a diluted state was obtains. Mauouan proposed to pass hydro- 
chloric acid through manganese contained in cylinders boated by steam — the evolved 
g^s being wasted in water, and the chlorine being convoy^ to the chambers. 
Tbssib db Mothay kept peroxide of manganese at a red heat in a retort — sometimes 
he mixed lime with it — and then caused a current of hydrochloric acid gas to pass 
through it ; chlorine and steam are disengaged, and there remains in the retort a 
mixture of undecom posed peroxide of manganese with chlorides of manganese and 
calcium. Over the mixture remaining in the retorts still at the same temperature 
air or oxygen is passed, which in the presence of the peroxide is said to decompose 
the manganic chloride at once. 

Dbacon patented a process which consisted in passing sulphuric acid and air over 
salt at a high temperature. The chlorine liberated was, however, too much diluted. 
Lalandr and Pbitdhommb professed to have improved this process by employing 
silicic, boric, and phosphoric acid, and alumina, but, although these processes were 
of much scientific interest, they were not of much industrial value. 

Mr. Walthr Weldon was the first to revive the spent manganese by effecting 
aerial oxidation. Mr. Kingzrtt in his excellent l)Ook on * The Alkali Trade,' informs 
us that out of 90,000 tons of chloride of lime manufactured, more than 60,000 tons 
wore made by Whldon’s process ; that 22 plants wore working the process, and 40 
others were in course of erection in 1877. The process was also largely employed 
in Oemiany, France, and Belgium. 

The following matters are worthy of every consideration : — 

The quantity of lime which it is necessary to employ in the oxidiser varies con- 
siderably, because lime dissolves in chloride of calcium, and further because all parts 
of the lime do not act equally well — the coarser particles act less rapidly and per- 
fectly. Usually, however, 1'15 to 1*46 equivalents are added before the precipitation 
of (M the manganese, and tlie farther known quantity is sudi that the foregoing 
figures become 1*6 or 1*6 equivalents. 

In the preeenoe of an excess of lime there is not obtained peroxide of manganese, 
bdt, as Wmj)ON suggests and claims to have demonid^ited, various compounds of the 
peroxide with lime, vis. manganites and sesquimanganites, &e. Thus OaOMnO* and 
Ca02MnO* are obtained, a small portion of the CaO being usually replaced by an 
equivalent amount of MnO. The quantity of air required to be blown in varies with 
the conditions, chiefly depending upon the depth of the oxidiser— the greater the 
depth the more rapid the oxidation proceeds. In one instance 176,000 cubic feet of 
air were blown in during five hours, and of the oxygen contained in this, 14*8 per 
cent, (equal to rather more than 4 cwt.) was absorbed in the production of 22 cwt of 
peroxide of manganese (MnO‘ Weldon). Tbe mechanical power generally expended 
in blowing averages abwt between seven and eight horse-power for one hour, per 
100 pounds of MuO* made. 

Theoretically, 1,020 lbs. of MnO’ should yield the amount of chlorine contained in 
1 ton of blearing powder per 87 l^r cent, chlorine, and in practice 1,100 lb. of 
MnO’ are necesniy for this production, or rather that amount of mud containing 
1,100 lb. MnO*. The lime used is generally prepared like that used for making 
bleaching powder, and its consumption averages 14 cwt. per ton of bleach. By this 
process 1 ton of bleach is made, using 2,832 lb. of hydrochloric acid (HCl), gene- 
rated by the deoom^tion of 47*6 cwt of salt vie. a quantity which theoreti^ly 
yields 8.884 lbs. HGl. There is, therefore, a loss of acid of 16 per cent The loss 
of manganeee varies firam^ 4 to 10 per cent The whole of the lime is lost and two- 
thirds of the total chlorine (in oombinaUon with oalcium) contained in the neid 
need. 

Mr. VALBNTDr, of the Royal School of Mines, discovered that ferrieyaaide of potaa* 
iinm acted as a oarrier of oxygen to protoxide of manganeie, and he proposed to apply 
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thit diseoveiyio this indoitiT. For this rarpoN tlie still liquors, aftsr neutralisation 
with lime, axe precipitated a ehemiou equivalent of lime, and instead of addina 
more lime, as is done Jn Weldon’s process^ a solution of potassic fexrioyanide is added, 
and is blown throiu^ wheiel^ the protoxide becomes peroxide of manganese^ and 
in mnoh less time than with Waldon’s process. 

It is probable that the influenoe of the ferricyanide consists in yielding up its 
oxy^n-to the mud, being at the same time redn^ to ferrocyanide, and this being 
re^verted into ferricyanide, these reactions are continually rented until the whole 
of the manganese is poroxidised. To effect this, it was found that about 10 lb. of the 
ferrocyai^ were requisite per ton of manganese mud, and Mr. Valbhtin calculated 
that Mis form of process would yield * bleach ’ at about 10s. per ton cheaper than 
Weldon’s process. Unfortunately, a difficulty was encountered. It was necessary 
that the ferrocyanide should be recovered for two reasons— vis. on account of its cost, 
to prevent cyanogen compounds entering the chamber with the chlorine ; and to 
recover the ferricyanide it was found necessary to filter the mud, an operation which 
on so large a sc^e was found to be impracticable. This process of Ikb. Weldon’s is 
fraught with interest apart from its industrial value. We have seen that its inventor 
claims to have proved the formation of manganites— that is, bodies which may lie 
viewed as salts in which the base is calcium or manganese protoxide, and the acid 
radical manganic peroxide; thus, OuOMnO’* and MnOMnO'; and possibly also 
(CaO, MnO) (MnO*)’. 

The great interost of the process attaches to the high state of oxidation attained 
Ity the manganoMe. If air, or even oxygen, be blown through protoxide of manganese 
suspended in solution, only the sesquioxide is formed (Mu*0*) ; but, as before said, 
if tuis oxidation be effected in the presence of ferrievanide of potassium, peroxide of 
manganese (MnO‘) is produced. Mr. VAucKTUf explainB this as a process in which 
the ferricyanide acts as a carrier of oxygen, and it is instructive to compare this re- 
action with other similar ones known to chemical science. 

Suboxide of copper, or cuprous oxide Cu*0, is a red body, and tolerably stable in 
the pure state at normal temperatures. When dry, it passes into a higher state of 
oxidation if heated to a temperature considerably above 100^ C. If pl^d in w^ter 
and submitted to a current of air or oxygen, it is unaffected, as the writer has shown ; 
but the presence of a small quantity of a caustic alkali under these conditions induces 
a peroxidation even in the cold, and more rapidly in the hot ; and in this wav tlie red 
lower oxide is transformed into the black oxide, CuO. Here, therefore, the alkali 
acts as a carrier of oxygen, and this hypothesis derives considerable support from 
Haicourt’s discovery of higher oxides of potassium and sodium than that which forms 
the base of ordin^ caustic alkaline rolutions. It is, therefore, to be supplied that 
in the above reaction the oxide of sodium or potassium is, for the time oeing, con- 
tinually peroxidised and reduced, yielding the oxygen thns carried to the oxide of 
copper. 

wbldom’s ATopiMSM; Chlorine process, a still further improvement, is thus described : 

* The process commences neutralising the acid liquor from the stills, formed by 
the action of hydrochloric acid on native maneanese, with Greek stone or very nearly 
pure magnesite (carbonate of magnesium). Or, if it be desirable, the Greek stone 
ma^ be ust calcined, and the light, easily dissolved magnesia powder, so made, used 
in Its stead. This operation is performed in a well of cast-iron, or the liquor may be 
neutralised in the stills. 

* The mixed chlorideB of manganese and ms^nesium liquor, obtained as described, 
is pumped into the settlera, where any peroxide of iron, alumina, and gypsum de- 
posit. This gjrpsum is derived fiom the sulphuric acid coutained in commercial 
hydrochloric acid. From the settlers the liquor is run into an iron pot or pan, where 
it is evaporated until it attains a state of concentration, regisierinff a temperature of 
about 820° Fahr. At this stage the evolution of hydrochloric acid gas commences, 
from the decomposition of the magneeic chloride by water. By opening a screw plug 
(of met^) it is now run into a mnffle furnace, consisting of two divisions, wniem 
communicate with each other by means of an iron door worked by a pullqr from 
without 

* In one of these oompi^mentB the evaporation to dryness is completed, and is 
aeoompanied by the evolution of much hydrochloric acid, a little cnlorine. The 
residue, which, bv stirring constantly at this stage, is broken up into thin cakes, is 
now transferred bj meane of a rake into the second compartment, where it is heated 
with access of air. 

* Here the heat requires careful regulation, for if the temperature rises too high, 
fusion ensues, and thus the porosiW the mass is lost and oxidation impeded. Tlie 
best heut is one designated bloo£red,” and if this be attained and kept, the oxida- 
tion prxeeds very regularly tUl the end. This tendency to fuse on the part of the 



196 CHLORIDE OF LOIE 

• 

mixture is ^e to the mAgnesie ehlbride, and therefore if is greater in the flrst plaea 
than efberwards, when it is partially decomposed, as magnesia exhibits no such dis- 
position. In other words, the fhrnace may be brightly red hot in the first compart- 
ment, because the temperature is greatly reduced by the evaporation which there 
takes place. As the mixture passes into the second computment of the furnace it 
consists of manganese chloride, together with magnesio chloride and magnesia ; hence 
it is at this stage that the temperature must be carefhlly watched, but as the de- 
composition proceeds, the magnesic chloride becomes less and less in (Quantity, and 
therefore the temperature may be allowed to increase with the decomposition to some 
extent At the same time that the magnesium chloride undergoes decomposition, so 
also does the manganese chloride, and there is thus obtained protoxide of manganese, 
which absorbs oxygen fhim the air which is admitted, and becomes peroxide. This 
latter body araears to combine with the magnesia under these circnmstHnces, and 
forms what W^ldok has termed manganite of magnesium (MgMnO*), which, when 
properly made, is a dense, black, finely divided powder. It should be understood, 
nowever, that all the manganese is not peroxidised ; in short, that there remains a 
certain portion as protoxide, and this, with the magnesia, constitutes what is termed 
the “ base," that is, it furnishes with hydrochlonc acid no free chlorine. It is only the 
manganese which exists as peroxide that is capable of liberating chlorine in the 
stills. Now, so long as water is present in the furnace, hydrochloric acid is evolved, 
and as the main evaporation takes place in tlie first division of the furnace, i* is 
chiefly hydrochloric acid which is there generated. In the second division it is 
chiefly chlorine which is evolved, but it is of course mixed with some hydrochloric 
acid. 

MgCl» + H*0 - Mg0 4.2HCl 

MnOl* + H*0 - MnO + 21101 

MnCl» + 0 -MnO + Cl> 

MnO +MgO+ O-MgMn0» 

These equations probably represent the reactions in the order in which they occur 
in the furnace. It is indeed ctoubtful whether much manganese chloride is decomposed 
by the water, so long as there remains any chloride of magnesium, as this latter body 
is far more readily decomposable. Any water left would then attack the chloride of 
manganese, and finally the mixture of oxides of manganese and magnesia absorbs 
oxygen to form the compound manganite of magnesium. Of course, to a certain 
extent, all these reactions take place at the same time, but not in the same measure. 
Portions of the charge may be withdrawn from the furnace froia time to time and 
tested for the amount of manganic peroxide, and when this amount ceases to increase 
the operation is concluded The charge is now withdrawn, and is placed in the stills 
when cold, there to decompose a renewed quantity of hydrochloric acid, giving un- 
diluted chlorine, and the liquor so obtained is perfectly neutral, or may bo made so by 
addition of a little magnesia, and is then ready to pass through tbe cycle of operations 
already sketched. And so the process is repeated ad ivfimiumt without being attended 
with any waste product whatever. 

* The manganite of magnesium may be charged into the stills in one of two or three 
ways, namely, either in t^e state in which it comes from the furnace, or in the form 
of a sludge made by grinding it in a mill with water, or it may be added gradually 
through a valve so construct^ that while it admits the char^ it does not allow of 
the escape of the chlorine. In any case it is alwavs charged in alight excess, so that 
there results a practically neutral still liquor. This liquor is allowed to settle some- 
what before drawing ofiT, so that any excess of the furnace product left undecomposed 
is not lost, but remains in the still for a subsequent operation. 

' Now, we have seen that of all the chlorine formed in this process, that mnerated 
in the still is alone undiluted, whilst that evolved in the furnace is mixed vnth much 
hydrochloric acid and nitrogen from the air, together with that excess of air that may 
have been used in the process of fire oxidation (or pyroridatioii). The mixed gases 
are drawn by chimney draft through the ** eoke scrubbers" in Uie ardinarr way (see 
Ek^lt-eake chapter), by which means the hydrochloric acid is washed out, thus girisg 
a product strong enough to serve the purpose of reacting upon fresh laannnese in the 
still. Evidently several courses now present themselves for dealing wiSi the dilute 
chlorine. In the first case the strong chlorine can be used at once in the old chambers, 
or it can be mixed with the dilute ges, producing a gu of lufflcient stre^h to form 
** bleach." On tbe other hand, the weak chhirinp admits of a process which eflbctaally 
removes the air and the nitrogen. This was carried ont on a monufrutnring scale in 
8t. Helen’s, by introducing the gases into leaden towers from below, irirne they, in 
their ascent, meet with a shower of milk of lime, which unites with ^e chloiine, 
frirming at first ordinary ’’bleach liquor," bbt which, on the absorption of a fririto 
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ftmoQiit of dildrint, pfodueeg a ligiior oontainiog only diloride of ealoinm and froo 
bypoehloroni ad^ wu 

Oabl* + 0a01*0* + 2H»0 + 201* - 20aa* + 4HC10 

* Aimming that Bach a liquor oould be eonetantly obtained of this compoeitioni it 
eonli be utflieed in two or three ways. Fint, it admits of being pumped direct into 
the “ octagons” where it is treated hot with chloride of potassium, to make chlorate of 
potassium ; or it may be placed in the stili and treated with hydrochloric acid, when 
the following reaction occurs 

4HC10-I-4HC1 - 4flK><f40P 

That is to say, the hypochlorous and hydrochloric acids mutually react, giving rise to 
free chlorine and water. The chloride of calcium takes no part m the reaction, and is 
lost But here is the danger of the proceu. It is a difficult thing to keep down the 
teniporeture in the towers where the chlorine is absorbed by lime milk, ana when the 
temperature rises above a certain heigh^ chlorate of odcium is formed, and the 
presence of this 1x)dy in the liquor might, if used in the stills, give rise to veiy serious 
explosions on account of the explosive nature of the oxides of chlorine there liberated 
in such a case. Moreover, the action of hydrochloric acid upon hypochlorous acid is 
tt^rribly violent, and attended with danger. This danger is obviatto, however, in great 
measure by running the hypochlorous acid solution in a thin stream into the hydro- 
chloric acid contained in the still. We have in Chapter XIIJ. referred to my dis- 
covery of calcic hypochlorite, and shown that in the fhture manufacturers may pos- 
sibly seek to make this body instead of bleaching powder. This could only lie done, 
so far as wo know, in one way, and that at present a difficult one. If it could be 
successfhlly accomplished, it would at once employ the liquors of which we have 
been treating above. Thus, in the towero, where the milk of lime is exposed to the 
chlorine, we should have to slop at that stage where ** bleach liquor ” results, and 
avoid the formation of hypochlorous acid. The reaction in that cose would be as 
follows : — 

2C»H'0>+2a* - '0»CI»+"c8a*(?+2H>0 

This liquor, as we have shown, gives, on evaporation in vacuo over sulphuric add, a 
crystallisation of pure hypochlorite of calcium, leaving the veiy soluble eUoride of 
calcium in solution. Now, if such an evaporation could be conducted on a manufac- 
turing scale, so, surely, might this process assume the extent of a trade. Unfortu- 
nately, heat cannot he employed to concentrate the liquor, for in that case, as we have 
seen, calcic chlorate results. 

'Leaving this part of our subject, Mr. Weldon claims to be able to produce, by the 


present.” 

‘ Further, by varying the proportions of chloride of manganese and of maCTeeium, 
it can be so arranged that ** the proportion of the strong chlorine generated in the 
still, to that of the weak chlorine pr^uced in the furnace, may be anything between 
one to one and one to four, at will.” 

' The process is continuous, and requires, from its simple character, but little skilled 
labour. No machinery (excepting liquor pumps) is involved ; the plant requir^ is 
coi^aratively low in cost, compared either with the Wbldon process in general use 
or Deacon’s process, and Mr. Wxlpon claims for it the production of ** bleach ” at a 
less cost per ton than by any other process, even throwing the whole cost on ^e 
strong chlorine only. These, however, are matters which, in event the process 
being adopted, would require a more extended experience to decide with certainty.' — 
The IRttory^ iVodiicte and Processes of the Alkali Trade, by Chablbs ThoiU 0 
EnrassTT. 

The following table is employed in works where Weldon’s process is in use, for the 
estimation of the ’base,’ that is the GaO and MnO in the mud. 

As toe number of grains of ferrous sulphate (FeS04 7H’0) peroxidised bj the 
MnO* in a given volume bf manganite mud is to the number of grains of oxalic 
neid (CHK)^ 2H’0) decomposed and neutralised by the same volume of the mud ; 
so is 100 to a dgure in ecuumn A against which in column B is the per cent, of 
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A 

B 

69*00 

66*76 

62*60 

69*26 

1*044 

•901 

•768 

•616 

68-7» 

66*60 

02*26 

69*00 

1*088 

•890 

•747 

•604 

68*60 

66*86 

62*00 

68*76 

1*022 

*879 

•786 

•698 

68*86 

66*00 

61-76 

68*60 

1*011 

*868 

•726 

‘682 


64*76 

61*60 

68*26 

1*000 

•867 

•714 

•671 

67-76 

64*60 

61*26 

68*00 


•846 

*703 

*660 

67*60 

64*86 

61*00 

67*76 


•886 

*692 

*649 

67*86 

64*00 

60-76 

67*60 


•824 

•681 

•688 

67*00 

68*76 

60*60 

67*26 


•818 

*670 

•627 

66*76 

63*60 

6025 

67*00 


*802 

•669 

•616 

66*60 

63*25 

60*00 

66.76 


•791 

*648 

•606 

66*86 

63*00 

69*76 

66*50 


•780 

*687 

*494 

66*00 

62*76 

69*60 

66*25 

*912 

*769 

*626 

*413 


cnovnsOBZTB. From x^f^pos, Or. a ffnin, in reference to ita granular struc- 
ture. The following analysis of tUs miner^ from Eden, near New York, is by 
Thoxsoit 


Magnesia 64*64 

Silica 86*00 

Protoxide of iron 8*75 

Fluorine 8*07 

Water 1*62 


99*98 


The only locality in these islands for this mineral is Loch Ness, in granular carbo- 
nate of lime, with majmotic and arsenical pyrites. —System of Mineralogy^ by Jamks 
D. Dama ; Glosaary qf Mineralogy ^ by H. W. Bmsrow. 

CSOBISUiLi A genus of small prickly-stemmed plants peculiar to South America. 
The tough bark of C, eriapifiora is uW in Brazil for making cordage, and the cottony 
hairs of C. apeciosa of the seeds are used for stuffing pillows. The tree is kuown in 
Brazil by the name of Aroore de Paina. 

OSMMATB or MAP. Manufactuf of Persian Badfroan ii. Bee Fhbsiam 
Rkd. 

OSPOm. certain Beactiona of the Salta of. (Vol. i. p. 797 .) M. A. Etaiu), in the 
Comptta Bendua for May 24, 1876, has a paper on this subject. He states that at 
present the reactions are not known by which the salts of the sesquiozide of chrome 
can be conrerted instantly and at will from one modi&cation to the other. 

The green salts only b^me violet under the influence of nitric acid after the 
expiration of a longer or a shorter time. Certain reagents produce an immediate 
effect. The green s^ts become a carmine violet if mixed in the cold with a little 
nitrite of potash. 

The carmine tint developed at the moment of the mixture of the two solutions, and 
which resembles that of the amido-chiomic compounds, gradually disappears to gire 
place to the blue violet, which has chrome alum for its type. 

Sulphocyanide of potassium produces the same phenomena, but more slowly. 

The green solutions of chrome, if precipitated b^ potash, give a hydrate insoluble 
in ammonia, and which, if redissolv^ in acetic acid somewhat concentrated, takes a 
carmine-violet colour. In this case the carmine tint does not pass into the violet-blue 
in coarse of time. 

Under the influence of the arseniates, or of free arsenic acid, the violet salts become 
a bright green in a few seconds in the cold, and cannot be brought back to a violet by 
the nitrites. 

Ljbwel admits four modifications of hydrate of chrome— two green, one violet- 
cannine, and one violet-blue. 

The violet-carmine salt obtained with a nitrite gives wit^ potash a grey preeipi* 
tate insoluble in ammonia, which distinguishes this salt from the oMinary one, 
violet- blue salt. 

The light green salt obtained with the arseniates has the equally characteristic 
property of ginng with potash a pracipitate insoluble in acetio acid, and soluble in 
ammonia wiw a violet-blue, a reaction exactly opposite to that of the ordinary deep 
green salts. 
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onuma IMMT. (YoI. i. p. 709*) South Waleo, It usnnlly ocean 

muoin, with a granular or lamellar etruotiire. Black in colour, and in amall myiitala 
and water-worn grains in Mid and gem bearing sands. 

In the Owydir river and many of its tributaries, in Bundle Greek, Two-mile Creek, 
the Horton river. Hanging Rock, at Stony Batta with serpentine, BinMra, Reedy, 
OOpdamulda, Kennedy\ and Angular Creeks ; also at Mudgee, Uie Muirumbidgoe 
river,, and near Yass. 

M. Sbboius Ebbw, of St. Fetersbuig, states that an alloy obtained b^ melting in 
graphite crucibles 816 parts of chrome ironstone from the Ural Mountains with 20(1 
^rts of charco^ powder and 70 parts of lime as a flux, was of a silver white fracture, 
and was so hard as tu cut glass with ease. Chemical analysis proved this alloy to 
contain 74 per cent, of chromium, with 26 per cent, of iron. 

Another alloy, containing about 97} per cent, of iron, with 2^ per cent, of chromium, 
was found to be malleable, and could easily be bent. 

Since the analyses of chrome iron ore seldom give more tl»n 60 per cent of oxide 
of chromium, it appears unlikely that, under any metallurgical treatment, an alloy 
containing 70 per cent, of chromium could be obtained. 

Geueral Carbinotok read a paper on chrome steel in Section O of the British 
Association, in 1876. Nothing more than the title of the paper is given in tho 
Report of the British Association, but an abstract appears to have been given in the 
Engineer for September 10, 1876. 

Chrome iron ore is sometimes met with in minute octohedral crystals, which may 
be mistaken for magnetic iron sand, but it may be at once distinguished by not being 
magnetic 

In tho preparation of the oxyd of chrome used in painting, and the Chromic acid 
salts, iil)out 2,noo tons of chrome ore are used annually in this country. It is chiefly 
derived from Baltimore, Droulheira, and tlie Shetland Islands. 

Chrom Ore AnalymB — One part of very finely powdered ore is heated to bright 
redness for about an hour in an open crucible, with repeated stirring together with 
two parts of pure calcined soda and three parts of slate lime. The latter is prepared 
by adding to burned marble water sufficient to cause it to fall to powder. After 
c(Kiliiig the chromate is dissolved out with hot water. — R. Eaysbb, Zeitaohr, Anal. 
Chtm. 1876. 

Blowpipe Re(witon , — Chromium compounds form, when fused with carbonate of soda, 
a gmn enamel not unlike that produced by manganese ; but the chromium bond never 
exhibits a tinge of blue, as that of manganese does. If saturated with vitrified 
boracic acid until all the carbonic acid is expelled, a chrome glnss is formed which 
will retain its green colour, whilst the manganese glass will become amethystine or 
violet. (Chapman.) 

CHXOMWaxir. It is well known that the motal chromium is very hard, and 
oven scratches hardened steel. A chrome iron alloy cun, however, be formed which 
IS malleable. It is produced by melting chrome iron with some scrap iron in cru- 
cibles. Sometimes nothing but slag appears, but on breaking up tho slog an alloy is 
found at the bottom, the average composition of which is — 

Metallic iron ...... 96'40 per cent. 

Metallic chromium 2 '80 „ 

Carbon . traces 

Lime and silica 1*80 „ 

It is stated that by using chromcisen instead of spiegeleisen very soft steel is 
obtained . — Chmical Newst xxxii. pp. 130, 2G6. 

See GiiKEN, Goionkt; Gbbbn, Ultbamauinb ; Grbbn, 
LoNin, and Castklhaz’s Gkkbn-Ahnandon, and Giibbn, Mathibu Flb^’s. If 
one part of bichromate of potash and throe parts of baked gypsnm— scagliola — 
are^ intimately^ mixed and strongly calcined, there results a grass-grMn mass, 
which, on boiling with water or on mixing 'with dilnbed hydrochloric add, leaves 
a fine powder of an intense and heautifril green, possessing a ve^ high colouring 
power. This is a process recommended by Adolfo Oasall — wuotta Chimtea 
ItaUano. 

OSXOICnMirB SSRVBMTm. — Mr Selwth, the Director of the Cana- 
dian Geological Survey, thus describes this roinerul : — 

* Associated with chromic iron, in tlio townships of Bolton and Melbourne, there 
pccurs a mineral which has long b^n supposed to be kftmmnrerite — a mineral related in 
chemieial and optical characters to penninite. A specimen rec^jntly examined, however, 
has rather the composition of an aluminous serpentine. It is massive, or slightly 
foliated ; greasy to somewhat pearly in lustre, and translucent to sub-tranduoent ; the 
colour is ^e violet by rofleotM, and somewhat deeper violet by tsansmitted Ugltt ; 
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ftebaltnottMgfeujMUiit of tek; hudiieiioDl 7 2. Tho fpooMi ■aaljMd 
found to oontnln^ 


Biliou 48*94 

Alomina and ferric oxide . < . . . 6*69 

Ohromio oxide ...•■•• 0*67 

Lime 1*22 

Magnesia 84*80 

Water 14*64 


100*86 

In araeaiance the mineral resembles some of the varieties of kammererite fron^ 
Tmms, Pennsylvania. The latter mineral, however, contains much less silica, and a 
far larger proportion of alumina. 

OKMOMXUMt. j[Vol. i. p. 801.) E. Lkttmow, in the preparation of this metal, 
uses, instead of the mixed chlorides of potassium and sodium recommended by Woulbb, 
a double chloride of chromium and {Mtassiam. He forms this double salt from the 
red chromate of potassium by reducing it with hydrochloric acid in the presence of 
alcohol and adding chloride of potassium to the boiling liquid, which is then evapo- 
rated to dryness. The residue, after being carefully dried, is mixed with finely 
granulated zinc, and this mixture is introduced by successive portions into a red-hot 
Hessian crucible, in which, after the last portion has been added, it is heated for 
three-quarters of an hour, and then allowed to cool slowly. The soluble salts are 
dissolved out by water, and the lime by dilute nitric acid. — Poqoxkdobf’s Annalen, 
exliii. 

OSSOMXazlli. Chrome Glue. — A strong solution of gelatin (5-10 per cent, 
dry gelatin) is made, to which, for every 6 parts of gelatin, about 1 part of acid chro- 
mate of potash in solution is added. This mixture possesses the property of becoming 
insoluble in water by the action of sunlight. The broken portions of any fractured 
vessel are coated with a freshly prepared solution, pressed together and fastened with 
a string ; the vessel is placed in the sun, and after a few hours it is firmly mended, 
H. ScHWAue says even hot water cannot dissolve the glue. 

(It does not appear to me that the change described in the chrome glue can take 
place throughout the layer of it, which extends through the crack. The two edges in 
a crack are covered with this chromleim ; they are pressed together and expiated to 
the sun. It is the light, and the light only, which effects the change producing in- 
solubility, therefore all the parts in the dark, in the inner parts of we crack, cannot 
undergo tiie change.) 

Chrome glue may be used to render paper and other articles waterproof. The 
material, of whatever kind, is fixed in a frame and carefully coated two or Uiree times 
with the solution and then exposed to light. Knapsacks and other things may be 
covered with linen rendered waterproof by this cheap and simple method. 

In preparing oorto^pierre for roofing it is recommended that this chrome glue 
should be used. It is said, a roofing thus prepared was exposed to one year’s heavy 
fislls of rain without being imaged. See IHrm. pdhft. Jour., ccxviii. 

OMMTSara (C"H'*) was discovered by Lxubxnt in crude anthracen. For the 
derivatives of chrysene, see Watts’s Dictionary of Chemietry. 

onnocoUiA. Silicate of Copper. Imported into Liverpool in large quan- 
tities from Mexico. A light bluish green in colour, hardness 4*0. Analysis by Mr. 
W. M. Hutcbivos 


Silica wlubfe in Na^OO* 

percent. 
. 62*42 

Silica ineoluble „ ... 

8*88 

Oxide of copper .... 

,, lera . • . • • 

26*69 
. 0*12 

.. sine 

. 0*84 

Lime 

0*74 

Magnesia 

1*06 

Water 

. 6*18 


100*69 


With traces of cobalt and manganese. 

Chemioal Newe, Septomher 29» 1876. 

A similar mineral occurs on a gneiss in South Africa, as a blue layer in botryoidal 
forms, caning here and there a grMn incrustation. Professor MAsanLTim and Mr. 
Flight think this is ch^socoUa mixed with two minerals, one a cupric arsenophoe* 
phate, the other belongiog to the trochantite gtoup.~~j 0 mwU qf Ckmioal Soeftiy, 
vol. a. 
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SancAim oommainoated to Profbnor Pama that ha bai apooimens of ehryiooolla 
from Chili -irhioh have in the interior the fibrous structure lihd the composition of pure 
malachite. shovinR that the whole was once that mineral. ' 

Bisohov obserres that silicate of copper may be formed tbroogh the action of a lime 
or magnesia silicate on sulphate or nitrate of copper. 

CBBTSOFSAirxO AGZ3I.— This acid occurs in the roots of ▼arious rhubarbs 
and do^, and in the lichen Farmelia paricinm, ahd ih senna leaves. 

‘Wakbbk db La Bun's method of extraction is the most simple. He extracts rhubarb 
with benzol, distils off the benzol, and, when most of it has gone over, allows the 
residue to cool. Impure chrysophanic acid crystallises out. This is redissolved in 
boiling alcohol, filtered, crystallised on cooling, and purified by solution in glacial 
acetic acid. 

Chrysophanic acid either forms gold-coloured crystals or orange-red masses of a 
golden lustre, like crystalline iodide of lead. From benzol it crystallises in hexagonal 
monoclinar tables of a vellow or orange colour ; from glacial acetic acid, alcohol, and 
fosol oil, it is deposited in massy aggregations. 

The formula ascribed by Gbabbb and LiBssBitANN is C‘*H*0\ and they regarded 
it as an isomer of alizarin. 

This acid has been known at different times as rhein, rhubarb yellow, phaeoretin, 
erythrosotin, rhaponticin, reimicin, lapathin, parietin, and other names. 

CMSTSOTOXiVOBXWB. — One of the aniline colours, dj^eing wool and silk of a 
yellowish orange. 11 is obtained by dissolving mauveine in hydrochloric acid and 
adding tin to the liquid. When all is dissolved common salt is added, by which a 
yellow matter is thrown down resembling chromate of lead. This matter, collected, 
drained, and pressed, is exhausted with alcohol, in order to separate the colour from 
the compound of tin. — Bandhook of Dyeing and Qilico Printing^ by W. Cbookbs, 
F.B S. 

OXtnrJkMJkM, (Vol. i. p. SOA.) A specimen of cinnabar, obtained near Canyon 
City, Oregon, when powdered and treated with dilute hydrochloric acid, gave off sul- 
phuretted hydrogen. This induced Mr. C. W. Dbubuz, of Hampden Sy£iey College, 
Virginia, to examine it. 

A specimen, freed from the lime by weak acetic acid, was dried, weighed, and acted 
on with hydrochloric noid of 6 per cent, real acid. The sulphuretted hydrogen given 
off was collected as sulphide of silver and the quantity determined. The residue was 
then analysed by the ordinary methods, adding in the small quantity of iron which 
the hydrochloric aeid had taken up. The results wdre : — 


Mercury 78*42 

Sulphur « % 14*13 

Iron 4 09 

Silica 8*06 

Oxygen (by difference) ..... 0*30 


100*00 

We may conclude that the iron existed as ordinary, and as magnetic, pyrites. By 
a careful redistribution of these oonstituents, the analysis stands : — 


HgS , 



•. 


. t 

90*97 

Feya>. 



*. 


, 

1*87 

FeS* 





. 

1*96 

Fe«0* 




, 


8*86 

8iO* 




• 

• 

8*06 

100*71 


These results serve to explain the abnormal proportions of sulphur and mercury in 
the published analyses of cinnabar, the iron haviim always been reported preeent as 
feme oxide. In the analyses given by Daba and BAKxnuBBao we have — 

For 300 parts Hg we 


Ko. 

lAcsUty 

Analyst 

have of S 

1 

Neumerkt 

ElAPkOTH 

. 88*62 

2 

Japan .... 

1* ■ 

. . 84*90 

9 

M .... 

JOHH 

. 44*64 

4 

6 

Yfostphalia . 

Wetzfar .... 

Bchnabbi. 

. 81*60 
, . 44*42 

6 

Califoniia 

Bbalbt . 

. 88*82 

7 

Idria (Hepatic) 

Kiapbotb 

88*68 
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« j;. OpAL 

XmtMd of 82*0 lo tho thiid and fifth Mr. Bmui renuirki 

MtiTO sulphur was pvMoBf j>resent: 

OlULTi VOMaiUI4Mf ^hiiiniiu. The samples investigated by W. Eulhahn 
po^. J, ooxz. |ki^46) were from Kinkiaeg in China, in the form of bricks. 
Analysis shpwed that 100 paits of the porcelain clay dried at 110® 0 


JL 



•t 

let Qaality 

Snd Quality 

8rd Quality 

Silicic acid (^luble), . 



62*208 

61*210 

Silicic acid (insolu^) . 


50*183 

... 

... 

Alumina .... 


82*737 

81*007 

88*160 

Ferric oxide . 


0956 

0*712 

0*700 

Ferrous oxide . 



1*911 

1*936 

Manganous oxide . 



0*640 

0*843 

Lime .... 



0*464 


Magnesia 


0*268 

0*278 

0*284 

Potash .... 





Soda «... 


trnoes 

0070 


Loss .... 


10*011 

0*490 



From these analyses it is seen that the clays used by the Chinese potter are very 
pure. 

British. — The production of porcelain, potters’, and fire days, in this country during 
the years 1874 and 1876 was as foUows: — 


Cornwall and Devonshire 

Porodain olap and stons • • 

Dorsetshire : — Poole clay . • 

Fire clays of Coal Measures, 
United Kingdom • . • 

Total value of days . 

1874 

1876 

QuaiitiUos 

Vuloe 

Quantities 

Value 

tom 

226,809 
/ 69,789 
\ 1,818 
79,206 

2,067,701 

212,166 

29,894 

1,360 

19,800 

616,960 

tons 

179,760 
1 119,876 
66,936 

2,648,888 

£ 

164.812 

63,710 

16,760 

628,676 

780,166 

8,008,444 

763,067 


Our Exports of clays and day manufactures were as foUows 


UxniAinTFAGTUBID 


Mahutaotubhd 


tom Yslae 

In 1878 • 116.098 . £140,688 

In 1874 . 116,816 , 142,904 

In 1876 , 126,027 • 141,096 


Bwti. Valae 

8,042,734 . £306,144 
8,042,607 * 230,997 

8,248,614 . 212,718 


OMAWTSira or WMITB HZOXU. A compound of nickd and arsenic. 
See Nickel. 

OOA&a^ (Vol. i. p. 816.^ In 1873 the number of collieries in the United King- 
dom was given as 3,001 ; since that period several now collieries have been opeora, 
but during the past year (1876) some have been closed. For 1876 the Inspectors 
gave the number as 4,000, but this does not fairly represent those actually at work, 
as some of the inspectors have introduced the system of giving the number of pits, 
instead of the actual collierios. The retunis for 1876, as given by the Inspectors of 
Collieries, show that the number pf collieries may be assumed to be about 4|000, and 
the production of coal 134,126,166 tons. 

Our Exports of coal and coke for 1874 and 1876 am given in detail in the following 
table. For 1876 it is not yet possible to give similar details, but the awnml state- 
ment of the Board of Trade gives the total exportation of our fossil foisL 















OOAll’ 


205 


^mmary ^ (he Coal Produce qf the United Km^dh^eOmUd fiom relmrue reeeined 
by the Miniiing Record Office Jbr the yeare 1678|^18f4 


Conatieg, ko. 

A 

isfa ^ 

tr 

:j874 

1876 

North Durham and Northumberland 


12,284,840 
17,486,^6 
1,740, 086 

^ 12418,660 

12,640,789 

South Durham .... 



19,460,634 

Cumberland and Westmoreland . 


1,226,787 

Cheshire 




668,946 

Lancashire, North and East . 



8,096,670 

8,826,798 

Lancashire, West 



7,442,960 

8.260.246 

Yorkshire 

Derbyshire . . . . 1 

Nottinghamshire ... 


16,311,778 

11,668,000 

14,812,616 

7,160,670 

3,127,760 

16,426,278 

7,001.826 

3,260,000 

Warwickshire .... 
Leicestershire . . . . ^ 

Staffordshire, South, and Worcostei 



700,760 

1.164,610 

shire 

, 

9,463.650 

8,389,343 

10.261.701 

Staffbrdshire, North . 

, 

3,802,019 

4..S 13.096 

4,456,218 

Shropshire 

Gloucestershire . . . . 1 

L 

1,670,000 

1,868,740 

1,167,960 

1,147,272 

1,229,786 

1.273,080 

Somersetshire . • . . j 

r 



Monmouthshire .... 




3,626,076 

North Wales .... 



2.426,300 

2.337,308 

South Walks .... 


9,841,623 

10.184,886 

10,632,697 

ScotiJlND, East .... 


10,142,039 

10,182,826 

■llgiltf.mi 

ScoTLAHD, West 


6,716.788 

6,606,336 

7,177,888 

lUBLAKD 


103,436 

139,213 

127,060 

Tot^al of the Umtod Kingdom 

• 

127,016,747 

126,067,916 

131,867,106 


Coal axo) Coxa Expobts. 

Countries receiving the principal Exports in the years 1874 and 1876 
1874. 





QoanttUoB exported 

Declared Yalne I 










Goal 

Coke 

Coal 

Coke 




tone 

tons 

£ 

£ 

Kussia : Northern Ports 



689,281 

20,038 

691,248 

27,168 

„ Southern Ports 



173.001 

216 

163,106 

263 

Sw^en 



677,637 

22,738 

488,428 

282,490 

29,031 

Norway 



306,736 

12,647 

16,687 

Denmark . . • 



667,988 

4,366 

617,336 

6.002 

Germany . , « 



2,026,296 

30,685 

1,689,866 

86,710 

Heligoland 



238 


121 

... 

Holland . 



444,920 

2,289 

382.976 

2,722 

Belgium . 



229,12.') 

70 

176,109 

103 

Channel Islands 



62,346 

2,270,189 

64 

64.114 

66 

France 



2,220 

1,784,940 

2.467 1 

Portugal, Asores, and Madeira 


227,170 

1,029 

206.041 

2,914 1 

Spain and Canaries . 
Gibraltar . 



476,041 

68,278 

468,081 

00,824 1 



130,016 

66 

128,406 

97 

Italy .... 



896,390 

12,964 

768,687 

18,938 

Austnan Territories . 



82,068 

1,421 

71,478 

1,741 

Malta 



812,185 

69 

208.346 

66 

Greece 



66,612 

18,604 

60,646 

16,693 

1 • 



298,869 

480 

267,331 

670 

I Wallflchia and JUddavia 



22,042 

470 

18,536 

496 

1 2^oli and Tunis 



617.678 

8,846 

... 

676,161 

2,090 

... 
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COAL 


1 

Oaiintiln to Whiob tK^o^ 

Qoutltfea exported 

Deolarad Value 

Ooah. 

Ooke 

Coal 

Coke 

1 

tons 

tons 

£ 

£ 

Algeria * , . ^ . 

r *27,742 


22,484 

... 

Morocco 

*■ 

... 

... 

...» 

Weetem Coast of Africa 

76,930 


70,512 

... 

Ascension 

2,966 


2,960 

... 

St Helena . . . . • 

21 

... 

23 

... 

British Possessions in South 
Africa 

44,141 

142 

42,088 

859 

Elastern Coast of Africa 

ll,h88 

... 

11,731 

... 

Mauritius 

16 602 

142 

14,858 

808 

Arabia: Aden .... 

145.940 


130,906 

' ,,, 

„ Muscat 

1,600 


1.280 

... 

Persia 

1.886 

... 

1,070 


British India : Continental Terri- 
tories 

870,519 

7,384 

315,563 

11,042 

„ Straits Settlements 

200,630 

21 

192,630 

46 

„ Ceylon 

65,946 

J07 

68,817 

198 

Java ...... 

45,162 

677 

41,536 

1,239 

Other Dutch Possessions in India 

13,499 


12,330 


Philippine Islands 

1,966 


1,801 

M. 

Siam 


210 

... 

446 

China and Hong Kong 

64,630 

597 

54,261 

1,512 

Japan 

7,966 

233 

7,251 

645 

Australia 

14,728 

1,098 

13,772 

2,188 

Islands in the Pacific . 

1 247 

191 


British North America 

185,849 

’”004 

137,631 

1,115 

United States of America 

On the Atlantic 

39,546 

231 

45,850 

438 

On the Pacific 

71,610 

292 

56,606 

506 

British West Indies . 

133,171 

220 

106,417 

447 

Foreign West Indies . 

289,124 

122 

249,333 

180 

Mexico . . 

2,162 


2,039 

... 

Central America 

1,718 


1,652 

... 

United States of Colombia (Now 
Granada) .... 

6,470 


4,554 


Venezuela 

970 

1 

917 

1 

Ecuador 

645 

... 

062 

... 

Peru 

122,790 

1,184 

116,291 

1,254 

Bolivia 

2,919 

813 

2,049 

406 

Chili 

201,073 

0,680 

169,110 

12 660 

Brazil 

372,322 

10,262 

376,833 

15,692 

Uruguay . . . 

179,720 

722 

174,669 

967 

Argentine Republic . 

80.205 

6,381 

98,846 

11,486 

FaBcland Islands 

80 


loi 

... 

Total . 

13,381,071 

236.240 

11,359,458 

814,246 


1875. 


Gountriee to which exported 

Quantities exported 

Deolaved Value 

Coal 

Coke 

Coal 

Coke 


tons 

tone 

£ 

£ 

Russia : Northern Ports 

660,682 

48,209 

450,026 

40,889 

„ Southern Porte 

190.891 

413 

132 830 

480 

Sweden . . . • • 

716,042 

26,782 

468.080 

24,71* 

Norway 

875 104 

20,131 

221,392 


Denm^ 

743,610 

6,780 

461.081 

6,865 ! 












coax; 




Oonntrlei to wbloh exported 


QnAnlttlei exported 


Opel * y» Ooke 


Declared Value 


Goal 


Oermany . , « . 

Itolland . 

Belgium .... 
Channel Islands . . 

France 

Portugali Azores, and Madeira 
Spain and Canaries . 

Gibraltar .... 

Italy 

Austrian Territories . 

Malta .... 
Greece .... 
Turkey .... 
AVallachia and Moldavia . 
Egypt .... 
Tripoli and Tunis . . 

Algeria .... 
Morocco .... 
WestPTn Coast of Africa . 
Ascensiuii .... 

St. Helena 
British Possessions in South 
Africa . 

Eastern Coast of Africa 
Abyssinia . 

Madagascar 
Mauritius . 

Aden .... 

Persia 

British India : Continental Torri< 
tories 

„ Straits Sottloments 
„ Ceylon 

Java .... 

Other Dutch Possessions in India 
Philippine Islands . 

Siam . . * . 

China and Hong Kong 
Japan 
Australia . 

British North America 
Islands in the Pacific (except Fiji) 
United States of America : 

On the Atlantic 
On the Pacific 
British West Indies 
Foreign West Indies 
Mexico 

Central America 
United States of Colombia 
Venaxaela 
Ecuador 
Peru . 

Bolivia 
Ohili. 

Braril 
Uruguay 

AjEgantine Bepublio 
Mtland Islands 

Tbtal 


fciwia a 

todi 

£ 

£ 

2,189,826 • 

; 32,991 

M42,111 

80,467 

460,176 

'3,844 

290.176 

8,662 

828,646 

1,036 

198,221 

1,035 

71,071 

66 

61,114 

74 

2,606,716 

4,149 

1.540,080 

8,766 

261.008 

3,346 

182,768 

3.220 

666,661 

93,064 

407,602 

90,237 

147,900 

... 

111,026 

... 

972,991 

14,877 

618,349 

14.606 

71,766 

1,731 

46,774 

1,671 

231,873 

109 

172,897 

282 

63,686 

18,078 

60,046 

16,763 

240,718 

498 

176,202 

476 

26,023 


16,729 


627.266 

‘iiood 

396,963 

^676 

2.868 


2,191 


26,436 


15,846 

... 

260 

... 

232 

... 

66,226 


43,694 

... 

3.4H7 


2,638 

... 

1.502 

... 

1,214 


47,684 

167 

86,034 

177 

11,367 

12 

0,319 

28 

1,933 


1,260 

... 

460 


316 


26,164 

’’129 

18.266 

’1^9 

74,797 

... 

69,116 

... 

2,866 


2,490 

... 

366,866 

7,042 

266,707 

8.676 

154,023 


118,009 

... 

74.083 

’246 

64,680 

400 

71,803 

1,277 

68.687 

1.642 

12,876 

... 

9,603 

... 

10,801 

... 

7,364 

... 

841 


692 

... 

68,393 

1,606 

46,484 

2,867 

12,118 

431 

10,257 

479 

11,304 

1,169 

8,732 

1,604 

140,789 

1,327 

79,186 

1,299 

163 


153 

... 

44,091 

1,149 

49,828 

862 

46.002 

1,064 

29,764 

1,186 

162,971 

163 

102,468 

160 

804,646 

825 

214,648 

261 

4,769 

■ eu 

4,083 

• •• 

820 

• •• 

362 

sea 

4,194 

• •• 

2,983 


419 


301 

• s« 

98 

• •• 

104 

««• 

114,030 

1.728 

69,767 

1,778 

4,068 

30 

2,394 

28 

233,664 

7,061 

146.716 

6,989 

361.725 

8.832 

281,742 

8,804 

116,860 

664 

03,427 

664 

49.926 

960 

40,402 

420 

330 

... 

898 

... 

13.978,966 

807.629 

9.166,801 

298,606 
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Coal^ <hke, Omders, and Fad {manufaetured) exported in 1876. 




Velas 




tons 

6 

To Jlnssia 


• * • 

1,182.384 

694,869 

„ Sweden and Norway . 



1,166,885 

777,297 

648,440 

„ Denmark . . • 



406.438 

„ Germany . 



2,271.901 

1,120,856 

„ Holland . . • 



478.093 

272,020 

„ France 



3,250,599 

1,605,771 

„ Spain and Canaries . 

e 


762,031 

461,494 

„ Italv 
„ Turkey • 


• • 

1,226 205 

645,348 

• 

• • 

204,214 

164,859 

823,262 

„ Egypt 

p 

• a 

543,668 

„ Brasil . • • 

a 


327,084 

217.654 

„ Malta . . • 



208,858 

178,658 

„ British India . • 



750,182 

463,770 

„ Other countries . • 


• 

2,945,538 

1,703,782 




16,265,830 

8,001,716 

1 

Coal, &c., shipped for the use of steamers 
engaged in the foreign trade 

1 3,564,524 

not given 

Carried out of the Country 

• • 

10,830,363 



Afuica, South. — Of co»l and iron South Africa may bo con«iclored to ha^e ita fair 
share. The coal formation in the sandstone of the hi^h ground forms the tkatarshed 
of the rivers Orange, Voal, Limpopo, and Lagela, and oUior rivers flowing to the east 
and south-east coast. 

This tract of country is known as tho ‘ Hooghte Veldt,* and slopes gradually towards 
the west and north, but in the east is broken by the precipitous escarpment of the 
Drakens-Veigen, iStormbergen, &c , in the sides of which are to be seen outcrops of 
seams of coal. The coal of Storinborgen, which is situate in the Cape Colony, can 
only be considered of use for local consumption, ns the seams are very small ; but 
those of the Drakensliergcn, in Natal, and the outcrops seen in tho Transvaal, where 
the platotm i<< broken, going nortliwards by sources of tributaries to tJie Limpopo, 
and wostwiinl by those of the Vual, the seams are much larger, oocurring from 8 to 7 
feet in thickness. 

No local requirements exist at present for such an article as coal, nor is any port 
on the oast coast made available by road, rail, or river for transport purpose to the 
const. Consequently this fleld of coal has not yet received any attention, and is for 
the present lying unvalued and, comparatively bpeaking, unnoticed. 

Iron ores exist in iSnuth Africa in abundance, but nowhere Jo th^ exist in greater 
abundance or purity than at a site about forty miles south of the • Uooghte Veldt’ — 
tho coal formation just alluded to. At this point, which is in the valley of the 
fltedpoort river, which is a tributary of the Oliphants river, and this of the Limpopo, 
and situate in the territory of the Transvaal, within 150 miles of the coast at Dekgoa 
Bay — an undefined extent of country. Certainly many square miles in extent cod- 
sists of rock composed of pure magnetic iron ore, of suoh excellent quality that 
almost every etone that one finds is a natural magnet, and even the sand of the soil 
IS composed of it, the particles adhering to the tires of the waggon wheels, ae the 
traveller proceeds, in the most interesting fashion. 

The Crown Agents for the Colonies, have now (May 1877) sent ont a pnetical 
coal miner to examine and report on the South African coal depoeits, and Mr. Dumn 
j en^l^ed the Government of Cape Colony to make a gedogioal survey of those ‘ 

ALonBiA.-~The Oompaoictb db Mokta bl-Hadid raised from their mines in 1875 
91,103 tons of coal, of which quantitv they actually delivered to purchasers 86,448 
tons. A similar quantity is stated to have been raised in 1876, but the ex act retnrns 
have not been received in Pans. (April 1877.) 

Amsbioa, Nobth. (Vol. i. p. 858.) Nevada Oarhsniferoue Coat, The Paneake 
Mountain is a low range of hills sitnated in the valley about midway between the 
White Pine and Diamond ranges, and occupies throughout its lei^ of thirty miles 
or more the basin or trough of a synclinal fold. The higher mountain rauffee, both 
east and weet, follow mainly the axee of mountain anticlinals, and exi^t only 
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Deronian, Silurian, and Aioie roeka. About midwaj between Vliite Pine and Pan* 
eake, two or three monnde, which are identioal, both llthologleBlly and palsBontologi- 
enlly, with the limestone of Treaenre Hill, crop through the quatemaryTormation of 
the valley, and still fhrther west are found dark bituminous shales, identical with 
those found along the east slope of Treasure Hill, and under the towns of Hamilton 
and ;Eberhardt. Borne four miles still further west, and belonging to a much higher 
geologic^ horison, we find the coal formaticm. 

The formation immediately inclosing the seams (of which there are said to be two) 
is mainly slate, though in places a light coloured rock, which the miners call soap- 
stone, comes in con&ct with them. Impressions of leaves and plants are found in 
the slates, and a few specimens of sinllaria have been found on the surface in the 
vicinity. The sandstone formation, ftom which is quarried the fireproof lining used 
ill the Eureka furnaces, overlies the coal formation. 

The seam, where worked, is situated near the north end of Pancake Mountain, about 
14 miles west of Hamilton, and 20 miles east of Eureka. The seam strikes north 
and south, and dips quite steeply (40°) to the west. In thickness it varies from 6 
to ft feet, but it is much broken and displaced ; and in some places the coal appears 
to have been destroyed, and a kind of ash fills its place. Several experiments at 
coking on a small scale have been tried, and have resulted satisfoctorlly. The 
citizens of Eureka are discussing the feasibility of lighting their town with gas made 
ti*om this coal. 

Steam hoi«4ting and pumping machinery has been erected on the mine during the 
past winter (187ft). and the oompany evidently is in earnest in its determination to find 
coal lu x^aying quintities, if it exists. 

The miiio is o])onod by two mdinos on the seam, the deepest of which is down 240 
feet — A .1. Buowk, American Institute of M%ntnq Engineers. 

AuKAvaAS (Vol 1 . p. 804 ) ~Arkau8a<< cool has recentW been introduced into 
the St Louis market, and possesses considerable interest. It is mined in Johnson 
County, about 160 miles from Little Rock, on the Arkansas river, and can be put 
down .it iSt. Louis tor about a ton. Up to the present time about 300 tons 
have boon delivered here. A trial in one of tne blast furnaces of Oarondelet showed 
th.it It was too tri.ible to witlistand the weight of the burden. The coal appears^ at 
first glance to be an ordinary fat bituminous coal, with regular laminated stnicttire, 
but a closer iiis| ection shovie it to be of semi -graphitic character. It exhibits none 
of the columnar stnicturo of the somi-bitiiminons coals of Pennsylvania or Maryland, 
except when subjected to rough handling, when it breaks up readily into cubical 
fnigments. The seam is 3^ to 4 feet thick, and has been traced over a territory of 
1,600 to 2,000 acres. Though there is a slight dm, no dieturbaiice seems to have 
taken place in the formations. Analyses of two different samples gave the following 
results : — 



I. 

II. 

Moisture 

. 1 07 

1*06 

Volatile matters .... 

. 8 27 

9*00 

Fixed carbuu 

. 84’81 

83*24 

Ash 

8’86 

6 81 


100*00 

100*00 

Sulphur 

. 0*083 

0*876 

Specific gravity .... 
Colour of ash, light brown. 

. 1*869 

1*846 


Professor W. B. Potthr, Amerioan Institute of Mining Engineere, 

Oalifornian Goal. — The San Benito Advatioe calls attsntion to the discovery of 
coal in Slack’s Canyon, Monterey County. ‘ In the locality of the Red Rock coal mine 
iU distinguishing signs are clearly apparent, and the prospect made opens to view 
the wlmle suite of strata common to the coal measures, vis. sandstone, bituminous 
shale, iron stone, pure clay, and impure limestone. The hard and black and brilliant 
etratifled beds of coal, varying in thickness, banishes the idea of the formation being 
recent. We entered one tunnel which penetrates the hillside about 80 feet, and found 
oimelveB in a stratum of unknown thickness. This tunnel is 8 feet high and 6 feet 
^de, Md nothing above or below or on the sides is visible but the black diamond. 
£ven ue little black mounds produced by the burrowing rodents give unmistakeable 
si^B of coal, and we are convinced of toe existence of a coal flold extensive, and 
ionoent to supply toe wants of California for a century. The district is easy of 
aeooss, and a road can be constructed at a trifling expense to connect with the rail* 
wav deMt at Los Gatos, the point to which the Southern Pacific Railroad Oompanj 
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It BOV MteBding tht line from Ootben. The mine and d<^t are twelre milet spaft* 
8evenl tone of ooal bate already been hauled from the mine to Fulare Lake, where 
it hat been need eatisiactorily for eteamboat purpotet. At the expiration of a few 
ntontha, when thippinff facilities are perfected, the contents of (his mine will supply 
the trade of Ban Jooqmm and the principal railroad cities of the state.' 

Coal disooteriet are reported on a branch of the Oorralitos Creek, Santa Orut 
oonnty. 

A perpendicular shaft has been sunk 160 feet, and at 160 feet a level driven 
northward for 226 feet. All the excavations have been in a friable sand rock, occa- 
sionally being hard enough to require blasting. All the coal indications at this dep6t 
were occasional patches of disturbed bituminous strata, showing that they were 
detached portions of the main seam. 

In the hill on the south side of the creek, and about 40 fret above it. the croppings 
of a seam were discovered by Mr. William SruADBa. This seam has a dip to the 
south of an angle of 60°; it runs east and west, and is nearly 4 feet in thickness. 

A shaft has been sunk on the incline for about 6 feet. From thin layers of perfect 
coal at the surface, with imperfect coal between, it has ' thickened up its perfect seams 
to near an inch in thickness, with but little imperfect coal between.’ — Th« Sdentijio 
Press, quoted in Saward’s Coai Tradf Joitmal, New York, January 3, 1877. 

Ambbtcan Coal Statistics. — The following information of the coal used in the 
coal-consumioff districts of the United States is fWim Sawaro's Annual Poturn, which 
is compiled with much care, and may bo regarded as a reliable authority : — 


Richmond^ Va. 

For the year 1875 Tons of 2,240 lb. 

Kanawha coal 100,000 

Cumberland and anthracite . 49,700 

Chesterfield county coal . . 31 092 

Henrico county coal . . 2,690 

Carbonite and coke . « . 19,308 

Total business done . . 208,691 

Buffalo, N, Y, 

For the year 1875 Tom of 2,000 lb. 

Bituminous by lake . . 32,767 

„ by canal . . 46,000 

„ by L. S. and M. S. 
railroad .... 360,000 
Blossburg Sami-Bituminous, by 

rail 76.000 

Anthracite, by canal . . 260,206 

„ by rail . . . 600,900 

Total receipts . . . 1,262,973 

This has increased from 227,316 tons 
in 1868. 

Boston, Mass. 

For the year 1875 Tone of 2,240 lb. 

Bituminous, from Alexandria, 

Va 97.697 

Bituminous, from Georgetown, 

D. 0 20,667 

Bituminous, from Baltimore, 

Md. . . i«8.7e8 

Anthracite, from Philadelphia 628,246 
„ New York . 290.271 

Bituminous, from Great Britain 2,788 
„ „ Nova Scotia. 29.706 

Total for the year . . 1 ,288,022 

This has increased from 770,366 tons 
in 1863. 


Chicago, HI 

For the year 1876 Tons of 2,000 lb. 

Received by 

Lake (474,812 an f 6.) . . 748 706 

Illinois and Michigan Canal ... 7.778 
Chicago and North-western 

Railroad .... 6,564 

Illinois Central Railroad . . 88,288 

Chicago, Rock Island, and Pa- 
cific il^ilroad . . . 31,893 

Chicago, Burlington, and 
Quincy Railroad . . . 6.821 

Chicago and Alton Railroad . 378,006 

Chicago, Danville, and Vin- 
cennes Railroad . . . 205,530 

Lake Shore and Michigan 

Southern Railroad {anth.) 778 

Pittsburgh Fort. Wayne, and 

Chicago Railroad . . . 112,609 

Pittsburgh, Chicago, and St. 

Louis Railroad . . 150,319 

Baltimore and Ohio Railroad . 67,900 

Michigan Central Railroad 

(anth.) .... 3,266 

Total .... 1,643,478 
The business in 1862 amount4>d to but 
46,238 tons; in 1862, 218,423 tons. 

Cinoinnati, Ohio, 

For the year 1875 Toni of 2.000 Ilk 

Youghiogheny . . . 660,000 

Ohio River .... 171,099 
Kanawha .... 110,006 

Cannel 22,774 

Anthracite .... 9,060 

Mnsldngnm Valley . . . 12,460 

Hocking Valley . 26,440 

Other receipts . . . 26,970 

Total for the year 1876 • 1,410,742 
The business in 1868--64 aBio«iilad<to 
but 320,820 tons. 
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A. Itfva, Mo, 


Ooxx nt Tons o» 2,000 Povicds. 


Ant t)be yttt 1875 Tona cif 9,000 lb. 

EoatM of trmnaflofteUoa 
BolleyiUe ana Soath^ta llliiiois 
Railxoad . . • • 8A0,7fi6 

IllinoiB and St Louib Railroad 204,624 

Ohio and MiqsiBBippi Railroad 160,467 

St IxioiB afad South-oaBtern 
Railroad .... 178,282 
St Louib, Vandalia, Terre 
Haute, and Indiana Railroad 101,012 
JndianapoliB and St Louib Rail- 
road . . . . 12,776 

Cairo and St Louib Narrow- 


gauge . . . 107,164 

Chicago, Alton, and Sf Louis 
Railroad . 1,780 

Toledo, Wabash and Western 18,260 
Roikford, Rock Island, and St 
Louis Railroad . 1,600 

Iiun Mountain and Southern 
Railroad . . . 995 

St Louib count} waggon re- 
ceipts (estimated) 76,000 

Ohio and Cumberland niers 

(barges) . . 53 120 

Lower Mississippi nver . . 1,890 

Illinois nver . . 1,500 

Pittsburgh gas coal . . 50,000 

Other sources ... 1 500 


Total for the year 1875 1 274,219 

Total receipts lor 1874 1,196,622 

Total receipts for 1873 . 1,200,000 


Jhttbhwgh^ Pa, 

The receipts at this city during 1875 
were as below — 

Bituminous Coal in Tons or 2,000 
Pounds 
Boutes of tranaportution 
Alleghany Valley Railroad . 271,000 
Castle Shannon Railroad . . 97,323 

Connellsville Railroad . . 325,000 

Pennsylvania Railroad . . 331,843 

Pittsburgh, Charleston, and 

Virginia Railroad . . 43,960 

Pittsburg, Cincinnati, and St. 

Louis Railroad . . . 249 801 

Saw Mill Run Railroad . . 90,047 

West Penn Railroad . . 150,000 

Monongahela, Slackwater . 2,046,967 

Total .... ^06,678 


Connsllsville Railroad . . 650,000 

Pennsylvania Railroad . . 422,903 

West Penn Railroad . . 45,000 

Monongahela Slackwater 80,808 

Total . . . . 1,056,211 

The coal trade of this city in 1844 
amounted to 184,200 tons 


San Francuoo, Cal, 


For the year 1876 
Australian 
English . 
Vancouver Island 
j^nthracite 
Cumberlan 1 . 

Mt Diablo 
Coos Bay 
Bellingham Bay 
Seattle . 

Rocky Mountain 


Tons of 8.840 Ib. 
. 136,869 

67,849 
. 61,072 
18,810 
. 10,828 
. 142,808 

. 82,860 
10,446 
. 67,108 
63 


Total for the year 1876 . 638,200 

The receipts in 1860 were only 77,686 
tons of wbuh 39,986 tons was Penn- 
sylvania anthracite. 



Pntvulettce, Tt I 

Tons of 8,340 lb 
Poreiptn Domeitfo 

1871 . 

. 13,900 

604 006 

1872 . 

. . 9,454 

623,842 

1878 . 

. 3,232 

634,112 

1874 . 

. 6,604 

682,664 

602,947 

1876 . 

. . 668 

New Orleans, La. 


Tons of 
2,840 lb. 

Receipts for five years, 1860 
to 1876 . . . . 1,762,272 

Average for one year . . 276,817 

The coal broi^ht to this market is 
mainly that from Pittsburgh and vicinity. 


MobtUt 

Coal recelred at 

Mobile Tons of 3,840 lb. 

Pennsylvania and 1878 1674 1876 

English . . 8,069 6.880 4,176 

Alabama . . 1,166 1,164 1,801 


1878 

1874 


London, England, 
By BPS By canal 

2,666,630 11,196 

2,727,719 6,982 


By raQ 
6,147,418 
4,689,786 


Total 

7,824,288 

7,424,486 


Fot tbs year 1676 
Semi-bituminouB ooal vid 


road of Pennsylvania . 
East Broad Top Railroad 


Broad Top Coal Trade, 


Huntingdon and Broad Top Mountain Rail* 


Tons of 2,000 lb. 


204 291 
63.567 


Shipnsnta firom this region began in 1866 , the tonnage for that year was 42,000 
laigsst businasa was in 1864, when the tonnage was 886,646. 
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BhUbwrg Chal Trai0, 

Toni of 

WaiVt»j9Ktim 8,0001b. 

Boml-bitiuninoiu coal from 

Ljoomiag, and Brad* 
ford oountieB, Pa. • .1,122,926 

Shipments from this renon began in 
1840; the shipments for wat year were 
4,286 tons ; the largest business was in 
1878, when 1,641,168 tons were shipped. 

Olearjield Coal TVade. 

Tons of 

For the year 1870 3,000 lb. 

Semi-bituminous eoal from 
Clearfield and Centre coun- 
ties, Pa., forwarded vid 
Penney Ivania Bailroad . . 016,678 

This district was omned in 1862; the 
tonnage was small for the first eight 
Tears, aggregating but 696,377 tons, then 
kept at about 600,000 tons annually 
until last year, when the tonnage was 
greatly augmented, as is shown alrave. 

Cumberland Coal Trade. 

Somi-bituminous coal from Alleghany 
County, Md. 

Tons of 

For the year 1870 3,240 lb. 

Forwarded by Baltimore and 
Ohio Bailroad . . .1,261,267 

Forwarded by Chesapeake and 
Ohio Canal .... 879,832 
Forwarded by PennsylTania 

Railroad .... 160,696 
For local use . • • . 40,980 


Total for the year . . • 2,342,778 


Shipments bsgan in 1842 with 1,708 
tons; the largest business done was in 
1878, when 2.674, >01 tons ware pro* 
duced. 

AntAraeite, 

The product from the beginning has 
been stated at the following amounts 

Tons of 8,340 lb. 
For the year 1820 . . 866 

1821 to 1830 
1881 to 1840 


1841 to 1860 
1861 to 1860 
1861 to 1870 


For the 60 years above — 


named 
For the year 1871 

M 1872 

„ 1878 


683,194 

6,940,270 

21,803,160 

63,981,897 

114,819,161 


1870 


206,666,325 

16,108,063 

18,029,263 

10,686,173 

1874 


P. and B. B. R 
Co. . .4, 

Lykens Valley . 

Delaware and 

Eudson. . 3,026,258 2,430,401 

D., L. and W. 

E. B. . . 2, 

Penua. Coal Co. 1 
Penna. Canid , 

Lehigh A'^alloy 
Railroad . 3,302,042 4,179,472 

Central Railroad 2,661,636 2,972,286 

Penna. Bailroad 124,327 114,599 


1,764,604 

621.769 


!, 930,648 
1,868,207 
297,600 


6,562,619 

460,142 


2,142,633 

1,838,033 

320,187 


19,026,890 10,621.202 

In addition to the above it is sale to 
presume that the local oonsumpt ioii by 
engines, workmen, and local enterpribes 
is 8,000,000 tons annually. 


The production of all kinds of coal in the United 
^tes in 1874 was, in round numbers 
Of this anthracite was 


Leaving for bituminous and lignite 

The anthracit-e in 1876 was 
The bituminoue coal (eetimaied) . 

Total production of 1876 

The production of Pennsylvania being — 
Pennsylvania anthracite 
„ bitn . en 


46,600,000 gross tons 
21,679,886 


. 24,820,114 

. 20,643,509 
. 26,000,000 

. 45,648,609 
187B 


17,920,872 

3.600,304 


1870 

tom 

19.464,630 

8 . 778,888 


21,426.676 28,288.027 


The area of the coal-fields (jd the United States of America, according to the Ceneus 
returns 


Now England basin . 
Pennsylvania anthracite 
Appalachian basin : 
Pennsylvanian section 
Ma^land section . 


Square mllea 
600 
472 

. 12,302 

. 660 


West Vlrpfinia section 
Ohio section . 

East Kentucky section 
TuiiiiesHee . 
Alabama . , 


Square mUee 
. 16,000 
. 10,0.0 
. 8,988 

. 6,100 

. 6,380 
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BqnaTC nltai 

Michigan b^n « • 6i700 

lllinoM tmiin : ^ 

llliiKiis section 
Indiana section 
West Kentucky section 
Missouri bi^sin . 

Texas basin • 


Square mlloi 


lo^s 18,00(1 

Nebraska ..... 3,000 

Kansas 17,000 

Arkansas 0,013 

Viremia 183 

Nom Carolina . . . 310 


86,800 
6,450 
8,888 
26,887 
4,500 

The toUl cool area is 162,000 square miles. 


The Coal Trait of the Untied StaUt.—Thb tonnage for the year 1869 is given as 
jur Ceruua reports of each State, and the production Air the year 1876 is on the autho- 
rity of the Coal Trade Journal : — 


Penns yl vania — Anthracite 



1869 

15,670,275 tons 

187S 

22,011,627 tons 


Bituminous 



7,798,517 

1, 

11,600,000 

II 

Illinois . 





2,624,168 

It 

8,600,000 

•1 

Ohio 





2.627,286 

1, 

4.868,262 

II 

Mil ry land 





1,819,824 

11 

2,842,773 

„ 

Missouri 





621,980 

11 

900,000 

II 

West Virginia 





608,878 

11 

700,000 

II 

Indiana . 





487.870 

11 

968.000 

II 

Iowa 





268,487 

•I 

425,000 

II 

Kentucky 





160,682 


426,000 

„ 

Tennessee 





183,418 

II 

426,000 

II 

Virginia , 





61,808 

II 

80,000 

II 

Kansas . . 





82,938 

II 

76,800 

II 

Oregon . . 





— 

II 

125,000 

II 

Michigan . 





21,160 

II 

80,000 

„ 

California . 





— 

11 

600,000 

II 

Bhodo Island • 





14,000 

II 

14,000 

II 

Alaliama . 





11,000 

II 

60,000 

II 

Nebraska . 





1,426 

II 

10,000 

II 

Wyoming 





60,000 

II 

860,000 

II 

Washington . 





17,844 

,1 

100,000 

II 

Utah . 





6,800 

II 

46,000 

„ 

Colorado 





4,600 

II 

260,000 

II 

Total 

, 


, 

, 

82,886,689 

II 

49,694,662 

II 


In the following return of the co.al produce of the United States in 1874, by B. F. 
Bothwkll, M.E., Now York City, the production of coal in the United States, given 
in tons of 2,000 lb., is the most complete return which has been made : — 



Zteports to 
offloe of E. ± 
M. Journal 

Additional 
quantities re- 
ported by oor* 
respondents 

Total hy 
States 

Fsresntage 
of saoh 
State to the 
whole 

FaNZfSTLVAiaa. 

Anthracite : 

Wyoming region, 1 0,204,764 gr. tons 
Lehigh ,. 4,712,280 

SchujlkiU „ 6,714,074 „ 

Sulln^an „ 86,268 „ 

11,429,886 

6,277.758 

7.619,768 

40,620 

1,600,00 

86,647,615 

*7202 

21,607,886 „ 

Bituminous : 

Coal 

Coke, 1,208,089 « 6-10 of original 

coal 

Additional reports and estimates by 
oorrespondents located in the 
qirioiis distriote • • • 

24,267,471 

8,776,084 

2,006,110 
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Rejhrtito 
office otB d 
M. Joumat 

Ad^ttonal 
quantities j[i 
ported 
respocdentB 

* v " 

* Total bjl 
k 1 States 

PiVonttM 
of MOb 
state to the 
whole 

Ohio. 

BUwninoua : 

Coal 

Coke, 1,467 tons a 6-10 of original 

coal 

Reported by Mr. Ahobkw Rot 

624,102 

2,428 

3,641,825 


4,168,446 

•0821 

Mabtland. 

BUtminoua 2,410,896 gr. tons 

2,700,202 



2,700 000 

•0632 

iLLlNOlfl. 

Bituminoua 

Balance based on a carefiil report to 
the Legislature, by a correspondent 

1,077,095 

1,540,000 

2.677,005 

■0608 

Indiaha. 

Bitummoui .... 

Additional report by local authorities 

169,144 

750,000 

909,144 

•0179 

Missoxtbi. 

Bituminous : 

By local authorities 


800,000 

800,000 

•0169 

WuT ViBonnA. 

Bituminous .... 

Local consumption, estimated by 
correspondents .... 

605,127 

74,000 

672,127 

•0114 

Galifobnia. 

LtgnUs: 

Reported by local authorities 


460,030 

460,000 

•0086 

In-WA. 

Bituminous .... 

Reported by local authonties 

156,136 

200,000 

366,136 

•0070 

Wtomiho. 

Lignits 

340,800 



340,000 

•0067 1 

Tbhnbssbb. 

Bituminous : 

Coal 

Coke, 18,800 tons » 6-10 of original 

coal 

Reported by local authorities . 

81,408 

30,610 

200,000 

312,008 

■0061 

Kbntucht. 

Bituminous . 

Reported by local authorities 


300,000 

300,000 

•0059 

COLOBADO. 

lAgnits 

Reported by local authorities 

22,020 

176,000 

197,020 

•0089 

* Orbooh. 

lAgn\is\ 

Reported by local authorities 


100,000 

100,000 

•0020 

Washinotoh. 

lAgnits : 

Reported by local authorities 


80.000 

80,000 

•0016 

ViBOuru. 

Bitwmsyous'. 

Reported by local authorities 


76,000 

75,000 

>0016 

Kansas. 

Bitsmimus'. 

Reported \ig local authorities 

47,384 

2,000 

40,884 

*0009 
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lUperUtottis 
oifioe of A 4 
M. Journal, 

AddlUonal 
quantities re> 
ported by cor- 
reepondents 

Totslby 

States 

Percentage 
of each 
State tothe 
whole 

Xiabmma, 

JiUumuxius .... 

Reported by local anthonties 

47.384 

2,000 

49,384 

•0009 

Utah. 

Liqnite 

Reported by losal authorities 

27,000 

8,000 

30,000 

•0006 

Michioan. 

Bituminous : 

Based on Census taken in 1874 


13,000 

13,000 

•0062 

Not othermse reported 

North Carolina, Georgia, Texas, 
Arkansas, &.c , estimated 


60,000 

60,000 

•0010 

Rhodk Island. 





Anthracite, estimated 

— 

14,000 

14,003 

•0003 

Totsd .... 

44.361,176 

6,386.000 

60,747.176 ! 

1-000 1 


Tbt* onthraoite coal repot t8 are made in tona of 2,240 lb , while the bituminous 
coal 18 reported in pounds, bushels of various capacity, tons of 2,000 lb., and tons of 
2.240 lb. For the sake of comparison the whole is reduced to the standard net ton of 
2,000 lb., which gives the following statement: — 



Net tons of 

S, 000 lb 

Qrcm tone of 
2,240 lb 

Anthracite coal 

. 24,281,471 

21,679,886 

Bituminous coal, including 2,600,000 tons 



used in the manufacture of coke 

. 26,248,684 

22,643.468 

Lignite, or brown coal .... 

. 1,216,020 

1,086,626 

Total production . . , 

. 60,747,176 

46,309,980 


Anihranxtr Coal Trade — The following remarks are abstracted from an American 
journal devoted to the coal and iron tr^e, and are at this time of considerable m* 
terest — 

‘The present annual capacity of the anthracite coal companies, with all their works 
running smoothly, without accidents by fire, freshets or strikes, is just about 26,000,000 
tons. During the five years ending January 1. 1877, they mined a little over 98,000,000 
tons, or an average of 10,718,090 tons yearly, each company having about an equal 
proportion of strikes and stoppages. From 1866 to 1876, in ten years, the consump- 
tion of coal for domestic purposes was doubled, without regard to its increased use in 
the manufacture of iron. There has been a falling off m the demand for this purpose 
of just about 1,600,000 tons a year for the past two years—not any more. Yet its 
introduction into so many more stoves and grates during these two years has made 
the consumpt ion as great as at any previous period. All this notwithstanding the 
depressed stato of times which we have been ^ssing through, due largely to the feet 
that coal is, and has been for h long time past, the cheapest article usra in domestic 
economy. The average annual product during these five years has been as follows 


Delaware, Lackawanna and Western Railroad Company 
Delaware and Hudson Canal and Railroad Company . 

Lehigh Valley . 

Philadelphia and Reading 

Fennsylvanin Coal Company 

New Jersey Central, Lehigh and Susquehanna, 
Shamokin and all others 


• Tons 

. 2,679,666 
. 2,629.686 
. 8,064,862 
. 6,063,686 
. 1,162,091 

. 6,138,981 


The lew of supply and demand will always adjust prices. An orer-production of 
the 1,600,000 tons has caused a loss to the coal com^nies during the past year of 
^ P« ton, or, say, ^18,000,000, and an apparent loss to stock and 
bondhoMers in the six great companies of over ^100,000,000 in the compuative valne 
of the stocks and bonds now with that of one year ago. Nor is the i^^iuent loss 
eonfinsd to these oompanies alone. The effect has ^n fer-reaehing, itguring thnn^md^ 
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of Indiridnali and induatrial pursuits, eih>)racing mercantile, commorciaL and moneyed 
institutions in wery large area of the eastern portion of our coiiutr^with no com- 
pensating good resulting to any comparable extent. 

*From a pretty careful survey of the field, it is estimated thuifthe present annual 
capacity for prodttctiop viihout now outlays for shafts, roadways, cars, and motive 
power for the several companies is as follows, vis. : 

• Tons 

Delaware, Lackawanna and Western Company . . . 4,000.000 

Delaware and Hudson Comptiny 4,000,000 

Lehigh Vall^ Company and its shippers .... 4,000,000 

New Jersey Central, Lehigh and Susquehanna, Shamokin, 

&c., all the lower districts "^6,000 000 

Philridelphia and Rending 6,000,000 

Pennsylvania Coal Cunipnny 1,000,000 


Total 


25.500,000 


* It would sequire immense exertions on the part of all these companies to reach 
these figures, and everything would have to run very smoothly to reach such ft tonnage 
within a term of two years, although the coiiipaiiies may claim such a capacity. That 
there will be min^ during the year ending January 1. 1878, betvpieeen 19,000,000 and 
20,000,000 tons, as the companies are now moving, there is not a doubt, and this is 
where the trouble is and the loss is to come from, and nobody is betteAd by any loss 
to the mining and carrying companies iit the long run. For when any member of the 
body suffers the rest of the body feels its bad effects on its general system. Not one 
ton over 18,600,000 tons of anthracite coal should be mined during the year ending 
January 1, 1878. No combination of prices should be entertained. The great law of 
supply and demand will regulate the price well enough ; each company has a ml'^rket 
local to itself for a large share of its product : the competition at othefr points would 
be healthy. After a careful revision of figures before cited, it appears that u just 
allotment of production to the companies would bo as follows for this year: — 


. Tons 

Delaware, I^kawanna and Western Company , . 2,050,000 

Delaware and Hudson Company 2,950,000 

Lehigh Valley and its shippers 2,950,000 

Fhil^elphia and Reading Company 4,500,000 

Pennsylvania Coal Company 1,150,000 

New Jersey Central, Lehigh and Susquelutiina, Shamokin, 

and all others 4,000,000 


Total 18,600,000 ’ 

Tke Ihm Age. 


The Vanoowbb Coal Cohpabt has worked the Nanaino colliery for several years. 
In 1871 the output was from 100 to 200 tons per dsy. The total production in 1874 
was 61,728 tons, valued at 00 per ton. In 1876, 42,421 tons were shipped, and a 
balance of 18,037 remained on hand. The principal markets are Victoria and San 
Francisco, but small qnantitira are also shippeti to Honolulu, Masatlan, Alaska, &c. 

Canada. — Bituminous coal is worked in several districts of Canada. 

The Wellington mine is one of the most valuable. This mine is situated 2} miles 
north-west of Nanaimo and 3 miles west of Do}»arturo Bay. At the point a trench cut 
through the clay covering showed the seam to have a thickness of 9 ft. of coal, resting 
on a bed of light drab sandstone. At a distance of a quarter uf a mile from this there 
is another exposure, where the coal is *rom 4 to 7 ft. thick. An analysis of the coal 
by Dr. Stbbbt Hunt gave, by slow coking : 

Fixed carbon 66'5d 

Volatile matter 34*70 

Ash 980 

The coal does not ooke well Last year (1876) a new opening was made wliich 
promises to be valuable. The total sales in 1876 were 48,223 tons, with 2,318 tons 
on hand at the close of the year. The output for 1874 was 29,818 tons. Preporatione 
are baiDgj|^e by which the output will shortly be increased from 160 to 260 tons 
per day, ^It the mine the cool sells for from 6 to 6 dollars per ton, and in San 
Francisco^ which is the principal market, for 10 dollars per ton. 
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Kota 8ooT4,»^e fbllowinff tabU hag been ] 
Ihe coal induttiy in the eoal-flelds of this colony 


table hag been publigbed ag dioirlng the progreea of 


1786 to 1920 produced 


• • 

. 14,840 tong 

1701 „ 1800 



• e 

. . 61d¥8 „ 

1801 „ 181(f 




70,462 

1811 „ 1820 


• 


. 01,627 ., 

1821 „ 1830 




140,820 H 

1831 „ 1840 




839,981 „ 

1841 „ 1860 




. 1,683.709 „ 

1861 „ 1800 




. 2,899,820 „ 

1861 „ 1870 




. 4.027,880 „ 

1871 .. 1876 

•1 



. 8,793,780 „ 


If theae returne are oorreolly giTen, there hag evidently been a filing off in the 
quantity of coal misod in the year 1876, ag ig ghown by the following official return 
for the year en^ng December 81 . — 


Cumberland Oouutv : 

OolUarfM. 0^ 


Cumberland . 
Scotia . 

Sopth Jugging 
Spring UiU . 

..... 

. . 6,066 

1,286 
. 14,296 

. .. 72,696 

Folly Moimtain 

Colcheater County. 

. 12 

Acadia . 

Albion Deep . 

„ Main . 
Intercolonial . 
Nova Scotia . 
Vale . 

Pictou County \ 

e • • • • 

. 60 280 
. . 44,012 

. . 01.G61 

. 63,872 

. . 21,376 

. . 34,690 


Cape Breton County : 


Block Houae 84,819 

Caledonia 80,789 

Colling 7,698 

Olace Bay 80,022 

Gowrie 20,276 

' Ingraham 40 

International 24,111 

Lingan 16,280 

Ontario 11,006 

South Head 658 

Sydney Minee 102,644 

Victoria 17,672 


Fort Hood 


heoemeee County. 


2,648 


Viotorui County, 


New Campbellton 8,862 

Total 709,646 


AiraTBAXJA, Sooth. — Coal on the Kilounda and Cape Patteraon, South Anetralia, 
coal-dielda. Reported by Mr. Cowah : — 

* JCfktmda.— WagTBBN Post Coupant hold leaaea of 1,106 acreg of Crown land 
for coal-mining pQn>oeeg. The leaaehold la dUtant about 8 milee ftom a practicable 
ehipping place at (mffith’g Point. Mr. Latha^ a member of the company, accom- 
paniM me in my eeveral vieitg to the working^ and gave me every aaaigtanoe in big 

S iwef. From the eeaahore, on which the leaeehold abate, an adit or tungg^rung into 
e hill 470 ft., and at that digtanoe ia about 46 ft. from the aurOme. FWm a ipaco 
to the aouth^weat of the adit, and ftom the adit itaelf, coal hag been remored to the 

m 
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axtralTof 66,000 Bupezfleial fiMt An ait ilfltft near the end of the adit ventilates the 
workinn. In driving the tunnel, or adit, from the outcrop inland a fault mu met 
with which throws the coal upwards a distance of 8 ft. At a fiirther distance of 
74 ft. another fault was met with which throws the seam downwards ; but the depth 
of the downthrow was not ascertained from this part of the workinge. Goal has 
been found in a 90-ft. ahaft, about 55 ft. from the part at which the fault was met 
with in the adit, in a direction north 33^ west. The coal in this 90-ft. shaft, which 
18 soft and brittle, measures 2 ft. 4 in. in the south side, and in the middle 1 It. 8 in. ; 
but it is so near the fault, and so much troubled, tliat its dimensions afford no indi- 
cation of the general thickness of the seam. Neillier can the general quality of tlie 
coal be deduct from the seam discovered in the shaft. Two small faults, or hitches, 
of but little importance (an upthrow and a downthrow), wore met with at right 
angles to the first-mentioned fault, throwing the coal out about the width of itself. 

1 could not trace tliese faults to a greater distance than about 30 yards, at which 
point they seem to die out. 

' In driving northerly from the mouth of the tunnel an upthrow was met with ; but 
by continuing the drive along a level course intersecting the strata the coal was 
again cut at a distance of about 60 ft from the last-mentioned point. 

<In the continuation of this drive another fault was met with, displacing the coal 
downwards, but to what extent has not been ascertained, as it is not sufilciently 
penetrated; and indeed it would have been very unskilfb! and unworkmanlike to 
attempt to prove its extent at this particular point, as the dip of the strata is in the 
same direction as that of the fault. Neither is it certain that this is hot, instead of 
being a fault, a reappearance of a dyke which is to be seen on the beach near to the 
mouth of the tunnel. Between the faults the coal has a much harder roof than in 
other portions of the mine from which coal has been removed. There is also a bettor 
par ing, the roof having a glassy and lustrous appearance where the coal has been 
detached. An improved roof like this, the coal l)eiDg constant, would economist the 
working of the mine ; the cost of timber would not be so groat, and the miners would 
be enabled to work to greater advantage. The dip of the coal here is 6° 22', and its 
course is north 57*’ east. 

* Cape Patieraon . — 1 paid two visits to the Cape Patterson field, but my examination 
of the coal seams there was exceedingly unsatisfactory. One important seam, said to 
bo 3 ft. in thickness, could be seen only at low water. The seam being dose to the 
coast, and dippi ug seaward, shows that it is of no commercial value. However, I 
discovered three small seams of 3 or '4 in. each cropping out below high-water mark, 
at short distances apart, and parallel to each other. Those 1 conclude to be distinct 
seams, for to suppose otherwise there would require to be two faults, the projecting 
portions l^eing worn off by the ordinary process of denudation. 

* Mr. Davihs informed me that a shaft 90 ft. deep had been sunk here, in which two 
scams of coal were found, one at 57 ft- of 2 ft 10 in. of good clean coal, and another 
at 90 ft. of 2 ft. 6 in. These also must be distinct seams, unless it can be imagined 
that the deposit diverged from its course. This shnft I was desirous to exatnine, and 
Mr Latham sonr some men to clear it out, but they were unable to do so, and I could 
not fulfil my intention. If Mr. Davixh’ statements are correct, coal deposits may ^ 
expected here that could be profitably worked, even when due allowance is made for 
the circumstance Uiat the inclination of the seam is inland. Seams of 2 ft. 10 in. and 

2 ft. 6 in. being quite thick enough to be profitably worked, J endeavoured to find out 
why those had not been worked, and the explanation I received was, iJiat the diffi- 
culties attending the shipping of the coal would have rendered the work unremune- 
rative. No doubt the shipment of the coal would have been attended with consider- 
able difficulty, but it may also have been that the faulty character of the country had 
Its share in preventing the prosecution of the enterprise. Another obstacle to the 
profitable working of this ^lund is the presence of dykes, which, if tapped inland, 
might partially flood the n^ne and prevent its being worked so advantageously aa it 
otherwise would be. 

‘ I do not think that the coal found at Cape Patterson can be the same as that ihnnd 
at Kilennda, for at the former place the dip is mostly seawfud, while at the latter it 
is mostly inland, and if they were the same there would require to be either one eon- 
tinnnus ridge from the one place to the other, the rocks dipping iu opposite directions, 
or several communicating.’ — Report by Thomas Cqwam to A. Bbouoh ohtth, Soar^ary 
for Mine*. 

A diacoveiy of ooal has been made in the Port Lincoln district, South Australia 
(Pebruaiy 1877)- '• 

OiFPSLiW. — The known outcrops of ooal ssams, deserving to be so called, within 
the area fnpped are six in number. The Strseleeki seam, the Stockyard Onssk aaaai, 
the Kintoul’e Creek ecam of bitumiiioiis shale, the Haselwood seam, Ryan’s seam, and 
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O’MAhon 07 *i Mam. Besidaa theM, thora am imiigniiioant Mama at TownaeDd Bluff, 
Andonon’a Inlat, in the northern branchea of the Tarwin, Stony Creek, near Marram, 
and other localitiea. 

The outcrop of the Stneleoki seam ia in the bed of a creek tributary to the Tarwin, 
near the diyide between that riyer and the Fowlett, and about 14 milea north from 
the mouth of Screw Creek at Anderaon'a Inlet. The aection exposed in the creek bank 
is-^urfiice 'aoil, clay, and rotten greyish-blue ahale, 4 ft. ; ooai, 8 in. ; soft earthy 
shale, 11 in. ; coal, 2 ft. 0 in. ; oody ahale, 8 in.; on shales and sandstones, with a 
slight apparent dip north-westerly. A shaft sunk on the high alluvial bank, near the 
outcrop, was stated to have out the seam at 28 ft., and a bore close to the same spot 
18 reported to have been carried down to a depth of between 200 and 800 ft , and to 
have passed through an aggregate of 10 ft. 6 m. of coal in various seams. In a branch 
gully, about 2 miles south, 'is another outcrop of coal, possibly the same seam, 1 ft. 
6 in thick, showing an apparent dip northerly. This was simply cut into, ao as to 
expose It, and no other work has, we believe, been done in the loc^ity. 

Tne coal at the last-mentioned outcrop appeared to be of better quality than the 
large seam, though m both cases the coal was so deteriorated by atmospheric action 
that an opinion as to its quality would be hazardous ; its appearance, however, indi- 
CHted that it would be very good if obtained from an unezpo^ portion of the seam, 
from barometer readings this seam is about 780 ft. above sea level. Considerable 
difficulties would have to be surmounted before coal from this locality could be 
brought to market : 14 or 16 miles of tram- or railway would be necessary to connect 
It with Anderson’s Inlet, the entrance to which is not available for vessels of large 
tonnage. 

The Slockyard Greek Seam is in the creek bed, about 14 miles above the township, 
and a few hundred yards from the boundary between the Silurian and Mesozoic rocks. 
This seam occurs in jointed grey sandstone, much intersected with calcareous veins, 
and dips rapidly to the uurth-weei beneath the creek bed, occumng not in a regular 
layer, but in successive shelves from 10 in. to 22 m. thick. 

The Itintoul Creek seam is in tlie bed of Bmtoul Creek above 6 miles from Traralgon, 
and consists of a bituminous shale, burning readily but leaving a hard stony residus 
sf bulk equal to what it was 'before burning. 

The Hazelwood seam outcrops in the bed of a branch of Billy’s Creek, a tributary 
of the Morwell, about 3^ milea S£. from the Hazelwood pre-emptive right, and 1 1 
miles 6SW. from Traralgon. This seam dips to the SE. at an angle of 27° ; its floor 
is hard fine-grained sandstone, and its roof a thm band of soft sh^e, over which ars 
hard shab a and sandstones. 

Suggesiwna for Prospecting for Coal iSsams.-— On commencing his labours in Gipps- 
land, Mr. Bboinau) A. F. Mukbat was animated by strong hopes of discovering 
either new coal seams or geological indications confirmative of the expectations enter- 
tained by many that coal, in sufficient quantity at least for home consumption, would 
eventually be found. It must be confessed that these hopes have not been increased 
by the evidence of the facts observed, though it cannot yet be said that further en- 
deavour to develoi the coal resources is altogether hopeless. 

Though the rocks in which our coal seams occur axe not of the same age as thosi of 
the principal British and the Hew South Wales coal-fields, the mere geological bm 
does not, it is maintained, materially afiUct the point at issue, as workaHe eoal is aud 
to be obtained in other p^a of the world in rocks analogous to ours. Whether there 
are large coal seams or not in our mesozoic rocks depends on whether at the time of 
their deposition the ^uiaite conditions for the formation of coal were present. That 
they were to a certain extent is proved by the seams which do exist, and of which, 
beyond their mere existence, we know so little. 

Hone of the seams described are, as at present seen, remuneratively workable; 
whe^er they become so or not can only be ascertained by mining exploration. In 
considering what steps are advisable to discover whether work^le coal exists in 
Oippsland, it may be well to offer a few remarks on the mesozoic rocks and their coal 
seams, let. The rocks are of great thickness, with a nearly uniform direction of dip 
south-easterly, and the edges of all the strata, with their intercalated coal seams, 
between the northern and aouthem margins of exposure, successively outcrop either at 
the surfhce or immediately below the tertiary deposits and surface soil. 2nd. Certain 
coal seams of good quality, but unworkable from their small size and high rate of 
inclination, are known to exist, but have been va^ insufficiently tested, and it is 
not known whether they are mere patdies or |eams extending over wide areas. At 
the outset it must be b^e in mind that, if the usual high rate of dip oontinuok 
any workable ooal seams disoovaied can only be worked for a limited di^noa hi tha 
dinotion of that dip, and that there ia no evidenet of a bwar ganeial angle af dip Uma 
10 °, or 1 in 0. 
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It b nilnnitted that it is eMential In the fint plooe to ao^nire a thorough knowle^ 
of tha aeanui, by tracing their linea of outcrop alo^ the hill sides from their points 
of expMure, by tunnelling into them at various points, and in some cases by sinking 
or boring to out tliem. The known seams all show a tendency to thicken as traced 
down the direction of dip. It is desirable to ascertain whether this increase continues 
till they attain a workable size, as it is quite possible that they may hare become 
atteniuted near their outcrops, owing partly to the removal, by peroolati^ water, of 
the duintegrated particles as decomposed . — Report on the Geology and mineral Re- 
eourcee of 8outh-Weetem AnetraliA. 

Buloidm, Produce of coal in, in 1876 : — 



Valne In franos 

Value In fTanos 


1st Arrondissement . 

3,890.120 


63,621,000 


2iid „ ... 

3,842.700 


67,877,600 


Srd , ,, ... 

Total, Province of Hainault . 
4th Arrondissement, Province of 

3,236,366 

10,968,176 

61,882,436 

173,281,086 



Namur .... 

— 

491,366 

— 

6.031,101 

6th Arrondissement 

1,777,967 


26,644,800 

6th „ ... 

1,702,724 


23,106,310 


7th „ ... 

Total, Province of Li4ge 

Total of the kingdom, 1876 . 

71,100 

8,651,701 - 

977,180 

60,627,900 

229,840,176 


16,011.331 of 



2,204 lb. 10 oz., or in English tons 14,743,271. 


Exportation e^f Coal and Coke from Belgium in 1876. 



Goal 

Coke 

Total 

To France 

Tom of 2,204 lb. 
3,880,264 

307,399 

4,328,896 

„ the Low Countries 

130,990 

4,026 

136,740 

„ Zollverein (Prussia and the Grand 

41,171 

834,363 

618,832 

„ Chili and lirazil «... 

1,365 

>• 

1,866 

„ England 

10 

n 

10 

„ Spain and Portugal 

436 

ft 

436 

„ other Countries .... 

736 

•• 

nb 

Total tons .... 

4,063,960 

648.787 

4,986,612 

Value in francs 

81,279,200 

18,082,086 

99,361,236 


Pbaitcs. Produelum of Coal during the year 1876. — This table has been con 
stmcted from statistics published by M. lb Mibxstbx dbs Taavanx Publics in the 
Jovbmal Offioki (May 24, 1876), from returns frimished by the Mining Engineers. 

Produote of Exploitation, dietxnguiehing the three varietiee. 


Departments 

AUTHRAGini. 
Metrical quintal 
3201b. 

Coal. 

Metrical quintal 
3301b. 

Lionits, 

' Brum,’ Ac. 
Metrical quintal 
2201b. 

Total. 

Metrical quintal 
9301b. 

Ain . . . • 



8,866 

8,866 

Allier .... 

1^,170 

10,801,791 


10,420,061 

Alpes {Baeeee) 

... 

286,660 

190,460 

427.100 

Alpes {HatUee) . 

72,000 

... 

... 

72.000 

Aidkche 

69,661 

76,868 

8,628 

166,062 

Ande «... 

... 

... 

2,140 

2,140 

• Aveyron 

... 

7o864,626 

61,774 

7.416,400 

Bouehes-duoBh6ne 

... 

... 

8,400,678 

8.400,678 

Calvados • 

... 

122,022 

... 

122.022 

Cantal .... 

1 

10,648 


19,648 

Oorrtze 


40,921 


40,021 

06te-d’Or . • 

*86.880 

... 


86.880 

Creuse .... 

67.860 

2,766.636 


2.888.806 
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DeparhiientB 

ANTHItAOmc. 

ICettioel qaintel 

290 lb. 

Goal. 

Metrical quintal 
2201b. 

LioNim. 
‘SnpiTB,’ ho. 
Metrlonl quintal 
2901b. 

Total. 

Meliionl qnlntel 
2201b. 

Dordogne . 

... 


10,616 

10,616 j 

Drdme 

... 




Gdrd .... 

... 

16.442,706 

226.797 

16,608,603 

H4ranlt 

112,788 

2,672,487 

16,864 

2,700.684 

Isire .... 

1,060,470 

... 


1,071,470 

Loire .... 

42,102 

32,766,310 


32,807,412 

Loire (Biauie) 


1,820,929 


1,820.929 

lioire-lnf&rieiire . 

221,600 

... 


221,600 

Lot .... 


16,114 

... 

16,114 

Maino-et-Loire . 

407.391 

... 


497,391 

Mayenne . 

976,232 

41,720 


1,017,962 

Ni^vre. . 

... 

1,424,607 


1,424,667 

N(«rd .... 

6,188,626 

28 624,331 



Pas-de-CaUis 


32,416,081 


82,416,081 

Puy-ile-D6mo 

192,402 

2,240,965 


2,433,417 

Pyr6n6es (Bwsm) . 

1.6fiO 



1 660 

I*vr4n6ee (Hautes) 




2 DUO 



307,002 


807,002 

Su6ne {Haute) 


2,014.032 

li 9,466 

2,1.33,487 

Saone <'t-L()iro 

1,222.126 

10,228,780 


11,460,906 

Stu’tli* .... 

261,678 


... 

202 678 

Savoie .... 

237,611 


... 

237.611 

Savoie {Haute) 

1,660 

... 

63,163 

64,728 

Sevres {Deuce) 


201,187 

... 

201,187 

Tam .... 


2 402,300 


2,402,300 

Var .... 





Vaucluse 

... 

... 


68,680 

Vendee 

... 

316,748 

... 

316 748 

Vohges . . 

... 

... 

26,010 

26.010 


10,444,474 

164,701,486 

4,264,369 

169,490,316 


The metrical quintal is actually 100,000 grams — 1 ewt. 7 stone 11 lb. 6 grs. 

Tlie quantities of the different rarieties of French coal, computed into English tons, 
raised in 1875 was 

Of Anthracite .... 1,028,781 tons of 2,240 lb. 

„ Coal 16,246,968 

„ Ligidte, &c 418,864 „ „ 


Total production in 1876 . 16,603,798 „ „ 

India, Coal in.— Much energy hM been displayed in developing the coal resources 
of India. At the Wurrora mines, in the Central Provinces, a superior coal has ^un 
discovered, and the seams, the existence of which was known, have been ascertained 
to be more extensive than was anticipated. The supply of coal at these mines is 
estimated to be 40,000,000 tons, or sumcient at the rate of 600 tons a day to last for 
260 years. The ordinary Wurrora coal, when tested on the railway, showed a con- 
sumption of only 13 Mr cent, above that of Ez^sh coal, similar results being ob- 
tainM. With selected coal the inferiority would be diminished. 

Italy. AntAraeito Coal. (Vol. i. p. 847.)— A few lines only were devoted to the 
coals of Italy in the former volume, they were so unimportant. Chevalier W. P. 
Janvu the Conservator of the Royal Italian Indastriai Museum in Turin, has 
examined and published an account of the anthracite coal of Demonte, near Ouneo, 
in the Itidian Alps. Of this coal formation he remarks — 

* The anthracite coal of Demonte is highly worth while being worked ; it is true 
coal of the oarboinferouC formation, and was originally bituminous coal, such as is 
found in England. 

* I hare now no hesitation to pronounce boldly that the anthracitic coal of Demonte 
exists in considerable quantity, forming a none of a certain breadth, which is in every 
respect worth being worked; and, in the second place, that this coal is by no means 
to DO attributed, as has been hitherto maintained, to rocks bdunging to the Mesoioio 
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pmodt mt«mpowdOtt8 with tha ooUtie group of England and France, in which ease 
it wonld be nothing more nor less than a metamorphosed lignite^ but that it belongs 
to the PalsBOBoio period, and is eonsequentlr far more ancient I hare, indeed, no 
doubt that it constitutes the base of the carmniferous formation, sneh as is fonnd in 
Northern Enrope, so that originally it was ordinary bituminous coal, like that of 
England, Belgium, Germany, &c., though, having been subsequently subjected to very 
slow and imperceptible, but powerful, cnomical agencies, in common with every part 
of ^e msjestic chain of the Alps, it has now lost almost all the volatile components, 
while the fixed carbon and the ashes remain behind in ‘a concentrated form, so as to 
constitute a dry anthracite coal, producing in the process of combustion great heat, 
but giving out little flame, chiefly oxide of carbon, a powerful reducing agent so 
valuable for metallurgical operations. It is superfluous to dilate upon the importance 
of the distinction between lignites and true coal of the carboniferous formation, for 
while the former may exist, and be worked with the greatest advantage in a limited 
area, true coal alone is known to cover vast fields, and form large basins, such as 
would be quite within the range of possibility in the present case, 

* The vertical distance between the beds of coal hitherto found varies between 23 ft. 
and 116 ft. — in other words, they are very near to each other, a circumstance facili- 
tating their working. The rock intervening between the beds and on each wall is 
uniformly the same, consisting of argillaceous schists. The hanging wall, generally 
sufliciently solid and tenacious, rarely requires timbering. At the footwall one inch 
of fatty clay is frequently found, which would render the extraction of the coal an 
easy task. Faults are to bo mot with no doubt, as is common to other coal fields, but 
they produce a merely local strangulation of the beds, and will not prevent the levels 
from being driven through them. A peculiarity in the rock announces the vicinity of 
a fault, for there blackish clays occur, and groups of crystallised quartz in limpid 
prisms, with terminal planes, perfectly distinct from the massive quartz met with in 
the nodulM described above in the midst of the schists. Generally, the beds of (pal 
dip sufficiently to permit of the mineral being extracted with great facility, ahd 
thence lowered to the level where the railway will be placed for hauling it away. 
On the other hand, the inclination is not such as would prevent the filling of the part 
already worked maintaining its position. The topographical configuration of the 
mnnd being of a mountainous nature, with deep raMiies, will render it superfluous 
lor many a year to recur to pumps for draining the workings, and the small quantity 
of water which may be mot with in this dry rock will all pass by means of a small 
lateral ditch through the adit level. 

‘ An incalculable economic advantage will present itself to those who may work the 
mine of Monfieis — sufiice to mention it in a few passing words. By means of hori- 
zontal ^eries or levels, and without the necessity of making a single vertical ehafi. 
it will be possible at a small cost to extract all the coal found in the upper port of 
the ravine over an area of 330 acres 060 hectares), and for a vortical height of at 
least 275 fms.,' without the necessity of a single vertical shaft for extraction or even 
ventilation. The ventilating winzes, owing to the peculiar configuration of the ground, 
will pase entirely through the beds themselves, as will the inclined planes for lowering 
the coal to the adit, whence it will be taken to the high road by inclined planes, or if 
worked on a small scale by aerial wires. Near the surface tiie coal of Demonte 
undergoes a considerable decomposition, becoming clayey, colouring in black the adja- 
cent ri^ with which it is so intimately associated that in many instances it is quite 
impossible, without proceeding into the mountain by means of levels or borings, to 
aseeitain the thickneas of the beds. 

* The anthracitic coal of Demonte is hard, of a fine lamellar structure, but has a 
property in common with all anthracite in being absolutely f^e from any trace of 
fibrous tissue or planes of cleavage and fracture, nor does it ever contain organic 
remains of any kind. A fine black dust is very frequently intercalated meehan^lly 
between the lamelhe, which are somewhat metallic in appearance. 'When taken in 
the band it leaves a black stain, easily removed by wasnug in water without soap 
because it is not greasy. The specific gravity is very high, being 171, so that it ui 
eoDsidarably more than lignite or common coal, the specific gravity of English 
beio^ on an average 1*3. and that of Hootch coal often even lower. The hi^ spedfie 
mvTt]|r must be attributed to the enormous pressure to whieh the coal has neen snb- 
jeeted in the lofipr mountain chain in which it is found, as well as to the greater pro- 
portion of ashes ft contains, and the small quantity of volatile gaseous prindplsi. In 
the samples submitted for examination analysis scarcely a trace of eulpbur was 
found, a eonsiderable advantaM, and which leads to the supposition that in us course 
of a^, in the act of losing the volatile combustible portions, pyrites originally 
existing in it were converted into snlphate of iron, or green vitriol, whieh, bditf 
eminently soluble in water, has been washed out, and into peroxide oi iron, is 
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InwkI ia tl» aahes, Snoh chemioal changes will certainly be traced down to the 
natural draituige lerel of the Talley, to which the workings of the mine will certainly 
aot reach a considenble number of years. 

* Two analyses of the anthracitic coal have been made at Turin at my request ; the 
first, taken from the lerel at Monfleis, not far from the sur&ce, gave— 


Fixed carbon ....... 70 00 

; Hygroscopic water 4 ‘80 

Oombustible volatile matter .... 2 '20 

Ashes 17*00 

Sulphur — ^not even a trace 


100-00 

Lead reduced by an ounce of coal 24 ozs. Calorific units corresponding to the above 
result, 0704 (Bkrthibr’s method). 

• Last February my colleague, Prof. Silvbstri, was kind enough to make an analysis 
himsolf of a sample extracted a year later, and brought back by me from the mins 
last autumn. He fuuud-^ 


Fixed carbon 74*00 

Hygroscopic water 6*20 

Combustible vol.itile principles . . . . 1'30 

Ashes 17*00 


Sulphur— iuduterminable traces 

100*00 


Lead reduced by an ounce of coal 27-08 ozs. Calorific units corresponding to this 
result, 6239 ’ 

Japan.— There are many coal-fields in .Tapan, but the principal are situated in the 
neighlwiurhood of Nagasaki, the best developed and most productive of all bring in 
the small island of Takashima, about ten miles from Nagasaki. This is coal of old 
formation, and said to bo nearly equal to English North-country coal, containing only 
about 8^ per cent of ash, which is a very small proportion for a Japanese coal, as 
some of them contain as much as 20 per cent, of ash. The Takashima mine was first 
worked by the nali\ os in the usual Japanese simple fashion, by adits only; conse- 
quently the mine was not very productive. In 1868 Messrs. Glovbr and Co., with 
the Frincb of Hizbn, obtained a lease of the property, sank a shaft 160 feet deep, and 
struck a sram 8 feet wide; and in 1869 the mine produced 86,000 tons of coal. 
These gentlemen did not hold the mine long ; it was bought by the Government, and 
worked under its management, and in 1874 the same mine produced 72,428 tons. In 
the beginning of 1876 it was sold to a Japanese Company, and was producing 500 
tons a day. Subsequently a fire occurred, which necessitated the flooding of the 
mine, and pumping machinery must be sent from England before work for c<^ can be 
resumed. 

The following table is an estimate of the production of coal in Japan in 1874, and 
the probable extent of the respective coal-fields. 


Takashima .... 

. 72,430 

188 

Mieke 

. 66,324 

16 

Tmabukn district 

. 32,067 

70 

Takn 

, 22,108 

86 

Karatsu 

. 68,288 

40 

Hirado 

. 63,160 

120 

Best of Japan estimated at 

. 74,938 


ToUl 

. 800,000 



Probable extant 


In the island of Eojaki there is one seam of good bitnininoue coal 6 feet thick, 
another 7 feet thick, and several •smaller ones. Theee have at various times been 
worked by the Japanese. The Japanese never sink a shaft ; they burrow where thev 
fttspect the existence of coal or ore, and having dug a hole, if mineral ie found, 
the work cootkines, the eeam ia followed in the direction of ite dip. But if the 
first trial be uanKoeesfril, another hole ie dug, the first being abandoned ; and no 
matter how many of these trial hoke may be made, each separate bole is called a 
mine. The natives employ no more powerful means of raising water than bamboo 
pumps, and altogether their primitive method of working mines is so laborious and 
unproductive, that the m'nee are frequently abandoned aftw a short triiL 



224 


COAL 


The dittrlet of Karnttm ftirnishM a lignite of more veeent fonnation thantiM 
Takaehima coal, and although not nearly equal to the latter in quality, it ie aaperioVt 
to that found on the main island ; its large percentage of ash renders it useless ez- 
oept for household purposes. 

At Shiramisui, north of Yedo, there is a coal field 80 miles long by 7^ miles vide ; 
mines are situat^ a few miles from the ooast, and there are no wheel roe^. The cost 
of conveying the coal either by horse or coolie is so great, that the coal is allowed to 
accumulate during the summer, and only brought down in winter when it is required 
for household purposes, it being unfit either for steamers or for smelting ; and as the 
Japanese generally use charcoal in their houses, there is but a small demand for this 
class of coal 

At Katsura there is a coal mine ; the coal has a very good appearance, but refuses 
to bum unless mixed with other coal, when it does fhirly well. A mine in the 
neighbourhood of Nugata furnishes a good coal, fit for the use of steamers, but the 
difflcuUy of getting it shipped pre>ents its being exported to any other market. 

Analysis of some spurimens of .fapanese coal used in the Copper Refinery, and in 
the various metallurgical operations of the Mint, furnished by Aljr. Gowland : — 

Ash . 12*760 6 487 10 696 0 877 0 667 

Sulphur . . *654 *436 *461 *688 *883 

PATxnaNiA and Magdlan Siraita . — G. db SANOAimrsoouBT has discovered extensive 
deposits of coal, or rather lignite, on the coast of Patagonia (lat. 63° 0' 40'", long. 
73'^ 13' 46" W.). They extend over between 7 and 8 square miles. They consist of 
3 beds, the thi^est being about 16 feet. 

Mr. Houach BuicnoLD, the British Minister at Santiago do Chile, has described 
the colony of Punta Arenas or Sandy Point, in the Straits of Magellm, as being the 
most southern civilised community on the globe. On this point coal exists, but us 
yet, although it is worked for the use of the colonists, much is not yet known 

Nkw South Wat.es. — In the last edition (vol. i. p 866) a list of the co/i^ mines 
worked in 1869 was given, and a summary of the production of the collieries in 1872. 
We are now enabled to give in detail the production of coal in that year, and from 
Mines and Mineral Statiatios of New South Wales, compiled by direction of the Hon. 
John Lucas, M.F., Minister for Mines, * A Return of the Number of Coal Mines, aud 
the Quantity and Value of Coal raised,' from the years 1864 to 1874 inclusive : — 


Coal Production of New South Wales, 1872. 


Nbwgasttji Distbiot. 



Bituminous Coal used for Stsam, Household, Smelting, 


Value 

£ 

Gas, Blacksmiths', and Coking purposes. 

Tons 

Au8rrBAi.iAN Aobioultubal Cokpant .... 

184,272 


Co-operative Colliery 

97,402 

48.331 

Wallsend 


69,100 

Lambton 


67.360 

Waratah 


62,316 

New Lambton 

100,964 

828 

48,383 

Bnrwood (Redhead) 

268 

Total quantity and value .... 

868.716 

840,978 

Splint and Cannel Coed. 



Stony Creek (cannel) ....... 

Anvil Creek (coal) 

871 

6,000 

17.661 

161 

1,500 

Fonr Mile Creek (coal) 

2,788 


24,082 

4.449 

BlX's CbHBK and WlNOIN. 

Splint and Bituminous Coed, 


H 

Mr. Elliott, Biz's Creede 

714 


Rev. J. Nash, Wingen ... ... 

60 

WM 


774 

426 1 
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MuBBUBUllDI Dhtuot. 

Otnnel ootl for petroleum 

SouTUBBN DiMaacT-^ISawafra. 
Smi-bHumiiumt Coal uoedfor Steamy Houaehold, 
BUuskmUMt QMi BmtlHng 
OeboTDe Walleend Oolliexy ..... 

Mount Fleoaant Ck>llior 7 ...... 

BuUi Collieij . . . . . 

American Creek (used for oil making) . 

Jobdam'i Croeeing 


Amenc'in Creek Petroleum Od Shale made into oil at the 
worke 

WssTBRir Distbict — lAthgow Valley, 

Spiral Coal, euttablefor Houae^ Steam^ 

Eeklrnnk CoUieiy (Thomas Buown, Esq.) 

Herniitage Colliery (Sir J Martin ana others) . 
Coerwull Mine (Andrew B»o%\ n, Esq.) .... 


New South Waubs Shalb Oil Company (cannel coal) 


Produce of Coal Diatfiete. 


Qniintity 


Coal Fields 

1873 

1871 

Newcastle District rbitnminous) . 

Tons 

Tom 

858,716 

767,862 

„ (splint and 

cannel) 

24,082 

21,058 

Newcaatle District (splint and 

bituminous) .... 

774 

1,228 

Murmrundi District (cannel) 

800 



Southern District (cannel) . 

123,681 


American Creek (oil shale) 

2,740 


Western District (splint) . 

5.221 

2.866 

Shalb Oil Company (cannel) 

8,000 



1,023,464 

913,488 

Broduce in 1872 

1,028,464 


H in \%n 

018,488 

— 

Increase in 1872 

109,981 

— 

Value in 1872 • 



„ in 1871 .... 

— 

— 


InereaM in 1872 
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Tbe piodattioii of coil from tB64 to 1874 ii mported offlclilly to hoTc been ai 
IbUoira:^ 


Tfw 

Number 

ofOoUlerim 

Quantity 

Value 



Tons 

£ 9. d. 

1864 

26 

649,012 


270,171 11 0 

1866 

24 

686,626 


274,803 18 0 

1866 

26 

774.288 

824,048 6 7 

1867 

26 

770,012 


842,666 7 8 

1868 

28 

964,280* 


417.809 6 1 

1869 

88 

919.778 


846,146 16 6 

1870 

82 

868,664 


816,886 16 4 

1871 

27 

898,784^ 


816,340 2 1 

1872 

26 

1,012,426 


396,197 19 10 

1873 

20 

1,192,8611 


666,746 17 3 

1874 

28 

1,307,000 

076,000 0 0 


The area of the various coal-fields of New South Wales is approximately estimated 
at 24,840 square miles. 

The amount of coal raised in 1874 in each coal-field was, in round numbers : — 

Tbe Northern Fields 1,126,000 tons. 

„ Southern 187,000 „ 

„ Western 44,000 „ 


Analyses have been made for the Government in the colony ; but the fullow<ing is 
by Mr. Ricuabd Skits, of the Royal School of Mines, London : — 


JSutti Coal. 

Carbon . 7/)'57 

Hydrogen 4*70 

Oxygen and Hydrogen 4*90 

Sulphur 0*64 

Ash ,■••••.•. 13*17 

Water 1*03 

100*00 

Cohe •••••■•» 74*78 

Volatile gaseous matter 24*10 

Water 1*08 


100*00 

Sp. gravity- 1*471 


Some analyses of the Wallerawang cml gave the following resultB 
A sample from a seam 17 ft. 8 in, thick gave— 


Moisture . . . . 

Volatile hydrocarbons . 
Fixed carbon 

Ash, white .... 


. 1*61 
. 66*24 

' ^9*60 J P®' ®®"*'* 


99*90 

Sp. grovity- 1*333 

Another seam 6 ft. 6 in. thick— 

Moisture 1*96 

Volatile hydrocarbons . . . 27*25 

Filed carbon .... 6I -*61 
Ash, white . • . « . 8*94 J 

100*00 
Sp. gravity- 1*398 

Brown Gntl is found on the Lachlan River, fit the mouth of the Sfaoalhavan, at « 
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depth of 12 ftn hlao Tomlk Oveek, oouotj of Argyle, which retains the original 
itracture of the wood, and hae the appeannco of box oak.— Jfinerale rf Smu 
JFaia, to Frofteaor AnoBiBAU> lavusiDaB. 

Kbw SaALAiro, Coalt Otago,— of Pliocene afe is found round the maigins 
of nearly all the old lake basins. It no doubt exists in mamr other places in these 
basins, but so corered up by gravel as to be ditBoult to find. Xignites also occur in 
the older river valleys that existed before the time of the great river Pliocene depres- 
sion; Tbh lignites near Invercargill and at Orepuki may have been formed as estu- 
arine deposits very slightly about the sea level, or they may have been formed by 
swamps when the land was considerably higher. These lignites vary very much in 
quality. Occasionally well-preserved trunks of trees are found in them, and generally 
^eir vegetable origin is easily recognised by the naked eye ; but occasionally they 
pass into a compact brown mass, in which no structure is visible and which cannot be 
distinguished from brown coal. They often contain a fossil resin or rgotinite, which is 
a proof ttot they have been formed to a great extent by the decomposition of ooni- 
ferouB trees. 

The thickness of these seams is often very great, amounting to 80 ft. in some places^ 
but, like all lignite beds, they are local and unconnected. 

The following arc the analyses obtainable : — 



Totaro 
Creek, Oi- 
uiara 

Watshnna 

Tuapeka 

Ualmrn 

Average 

Water . • 


. 


1840 

11-06 

16 80 

11*60 

18*76 

b'lxed carbon . 

, 



8910 

87*28 

84*40 

16*97 

86 02 

Hydrocarbon • 

, 

. 


44*70 

30*88 

44*40 

41*86 

42*00 

Ash . 

• 

• 


2*80 j 

11*81 

4*40 

28*68 

6 88 


Brown Coal of Eocene age is found in Big Oully Creek in the Waitaki, where it was 
worked in 1861, and at Greou Island and Saddle Hill; at Tokomairiro, Kaitangata, 
and Goal Point ; at Orepuki, and at Taylor's Creek, Merely Creek, and the Nightcaps, 
in Southland. Thin seams of no value have also been found amongst the trachytes in 
Dunedin Harbour. The brown coal at Shag Point is of upper cretaceous age. whilo 
that of Preservation Inlet may be either Eocene or upper cretaceous, probably the 
former. 

BUuminoua Coal of Jurassic age is found in placee from the Hokanui Hills to Gat- 
lin’s River, and the same formation extends under a considerable part of plains between 
the Hokauuis and the Ma. This includes an area of more than 1,000 square miles, 
but over the whole of it no seam thick enough to pay for working has os yet been 
found. 

SAag Point Coal-field , — This coal was known and uswi in 1848, but the mine was 
first opened in ) 863. The whole area occupied is about 26 sq. miles. Dr. Von Haask 
has estimated that in the 70 acres surrounding Shag Point there are * about 1,600,000 
tons of (^1, which, in order to allow for possible disturbances and other causes by 
which this quantity of coal might be diminished, reduced by ono-thixd, would still 
leave us 1,000,000 tons of workable cool.’ This coal is the best of the New Zealand 
brown coals ; it contains little or no resin, and the following is the average of three 
analyses given by Dr. Hbctob : — 


Water . , 

• • I 


. 16*67 

Fixed carbon 

• s \ 


. 43*15 

Hydrocarbon . 

• . « 

, , 

. 34*08 

Ash . • . . 

. 

. 

658 


Grew, Island and Saddle Hill Chad-field , — This eoal*fleld occupies the valley of tlia 
Kaikora stream, near Dunedin. It has a length of 6 miles, with a breadth of 2. ai^ 
a superficial area of about 9 square miles. Besides smaller seams two good ones, 
vaiying from 6 ft. to 14 ft in thickness, are known, and about 18 ft. may be taken as 
the average thickneM of the known workable seams. It is calculated that 100,000,000 
tons of coal are available in this field. Dr. Hbctor's analyses give us the average of 
five 

Water 18'fia 

Fixed carbon 40*85 

Hydrocarbon 86*67 

Ash 3*92 


02 
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(Xutha wnd Tokomofifo This is the largest coal-fleld in New Zealand, 

haring an area of abont 60 square miles. The seams vary in thickness ; the seam at 
Tokomariro Plain having 18 ft. of ooal. On the left side of Tdkomariro River two or 
three seams are known to exist whic^ vary from 6 to 20 ft. in thickness. It is esti- 
mated that, after all deductions are made, 768,000.000 tons of available coal exist in 
this ooal-fi^d. Dr. Hacrou’s analyses give— 


Water U‘98 

Fixed carbon 42 66 

Hydrocarbon 85'98 

Ash 6*04 


Wairaki CoaX-jidd . — This coal-field has an area of 27 square miles. 

Orepuki Coal-Jidd » — ^This field forms a triangle of about 3 miles in breadth and 1 in 
width. 

Pre8€Tvation Inlet Coal-field has an area of about 26 square miles — two or three good 
seams only exist. 

BituminotLS Shale is found near the head of Waitati Stream, behind Dunedin, giving 
42 g^lons of crude oil per ton. 

Prussu, Produetion of Coal and Lignite . — 

Ooiju 


Districts 

1678 

1874 

1876 

Silesia, Upper . , . , . 

Centners of 100 
metrioal pounds 
=«110-281 lb. 
Avoirdupois 
166,380.208 

Centners 

166,800.847 

Centners 

166,049.808 

„ Lower 

46,866,386 

47,019,876 

48.837,973 

Wettin ...... 

406.444 

363,376 

326,729 

Lobejun 

688.693 

661.727 

671,976 

Hanover 

6,317,377 

6,673,493 

6,748.896 

Hohnstein, County of . . . 

601.096 

372.066 

260,778 

Schaumburg ..... 

2,246,984 

2,203,871 

2,016,694 

Minden ...... 

169 790 

202,260 

190,100 

Ilibenbusen 

4,611,333 

4,688,424 

4,438,474 

333,072,666 

Ruhr Basin (Westphalia^ . 
Aix-la-Chapelle (Inde ana Wurm Basins) 

322,641,924 

306,038.677 

21.037,039 

20,098,408 

10,509,690 

Saarbrucken Basin • . * . 

87.210,911 

86,420,331 

91.400,211 

Production in 1872 . * « - 

646,968,183 

690.476,612 

638,773,666 

668.886,089 

Increase ... * 

1 66,482.671 

" — 

20.612.324 

1 

Decrease .... 

! — 

^ 8.184,618 


Lioirm. 




1878 

1874 

1870 

Brandenburg . 
Pomerania 

Posen 

Silesia 

Saxony, Prussian 
Hesse and Nassau 
Hanover . 

Rlienish Frovincea, 
badon in 1876 

including Wies- 

Centners 

26,690,039 

13.782 

264,221 

8,470,647 

118,488,632 

4,230,167 

98.028 

2.616,483 

Centners 

20,788.767 

2,122 

266.362 

*8,934,071 

127,686,601 

4,668,644 

108,780 

8,082,740 

Centners 

80,203.980 

368,662 
0,166,683 
160,448,424 
8,414.018 
90 010 

8.786,167 

Total . 

Production in 1872 

e e • # 

169.766,649 

148.992,730 

174,382.986 

166,806.182 

Increase 

Decrease 

♦ see 

10.768,919 

14,676.337 

7,627.604 
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1871 

1871 

1878 

1874 

1876 

Coil . 

Brown coal 
Asphalt . . 

Fotroloum 

Centners 

610,340,876 

187,624.902 

CentaeiB 

690,476,612 

148,092,780 

Centners 

646,068,188 

160,766,640 

84,600 

770 

1 

Centnen 

668,886,989 

166,806,162 

410.000 

770 

Total 







ZeUtohrift Jur dM Berg-Hutien u. SaXmm^WeMn im BreuttiKhon 
Btaate^ zxiv. Bandt 6 Li^erung, 

Russia. — The best coal iu Russia is found in tho coal-fields of the Donets Moun- 
tains. Good coni has, however, been found on fJie Ural Mouutains. It is known to 
exist in the Governments of Toula and Riosane, also, not far from St. Petersbu^ iu 
the Governments of Tver and Nowgorod. Sbboius Errit of St. Petersburg analysed 
several samples. The following are the results as published in the Chemical News. 

Nnwgorod. — This coal is properly brown coal lignite, containing from 8 to 6 per 
cent of sulphur. 

1. Coal from River Prikcha, 36 miles north of the town of Borovitchi: — 

Carbon ....... 36*70 per cent. 

Volatile matter 46*80 „ 

Ash 16*60 „ 

100*00 „ 


According to Ruhfobd's calorimeter this coal gave 4,600 calorific units. It con- 
tains 18*90 per cent, of hydroscopic water. The dried coal gave 62*18 per cent, for 
coke, and yielded 6,200 cubic feet of gas per ton. 

Tried coke from this coal gave — 

Carbon 78*08 per cent. 

Volatile matter 10*71 „ 

Ash 11*26 


100*00 

It gave 6,910 ('nloriflc units, and was found a good coke for the reverberators 
furnace. ^ 

Tb^u.— This coal is found from 30 to 70 feet from the surface. 

Obidimovo coal on the Riask-Viasma Railway, 16 miles from Toula, gave 

9*?^“ 381* PM cenu 

Volatile matter 42*66 „ 

Ash 18*21 ,! 


100*00 

This coal resembles the Scotch Boghead coal It gave 4,100 calorific units, 2*66 
per cent, of hynoscopic water, and 3*28 per cent of sulphur. 

This coal is good for reverberatory fbmaces and gas manufacture. 
Mouiaevna CSollieiy. The coal from this place gave — 


Carbon 

Volatile matter • 
Ash . . . 

Hygroscopic water 


17*60 per cent 
66*26 „ 

8*61 „ 

7*63 „ 


100*00 

Its heating power is 6p486 calorific units^ and it contains 2*40 per cent, of mlphuA 











tso COAL 

tM Hiig coal has not bef n axplorsd. 

Vasehkonr coal, which makes good ooko, gave — 


Carbon • . , 

• • 

• . 77*86 per cent 

Volatile matter . 

. • • 

. 12*80 „ 

Ash . . . . 

i m m 

. . 272 

Hygroscopic water 

• • 

. . 712 



100*00 „ 


DofwiB Mountains , — This is the largest and best known of the Bussian coal-fields. 
The anthracite which it yields is used for blast fhmaces. 

Grouschevka Mine, situated 012 the Bostov-Yoronege Bailway, yields a coal giving 


Carbon • . . • • 

Volatile mutter .... 
Ash 

• . 00*80 per cent. 

. . 7*22 „ 

. . 1*08 „ 


100*00 „ 


7,640 calorifie nuits. 

Alexandrovka Village. This coal gave— 


Carbon 

Volatile mutter .... 
Ash 

. . 69*02 per cent. 

. . 29*00 

. . 1*08 


100*00 „ 


7,690 calorific units. 

Dusponskoo Village, near the town of Backmouth, gives — 

Carbon 

Volatile matter . • * . 

Ash 

. . 64*86 per conf. 

. 28 90 

• . 6*25 (, 


100*00 „ 


It contains 0*87 per cent, of sulphur, and shows 7i070 calorific units. It niaken 
good coke. 

Analyses of some samples of Bussian coals by SsBOins Kkrn, St. Petersburg, 
were given in the CksmioM News (vol. xxzi. p. 188). A further description of some 
other samples eumined by the same chemist may be of interest 

O over nmm t Tbirfa. — 1. Village Kievtci, on the river Oka, 8,000 ealoirifie units; 8*07 
per cent of sulphur : — 


Carbon • • • • • 

Volatile matter 

Ash 

. 22*64 per cent. 
. 27 78 ., 

. 49 68 


100*00 ^ 

2. Village Krasni Cholmi, 4,000 calorifie units 

Osrbon 

Volatile matter 

Ash 

t 62*00 per cent. 

. 81*82 
. 10*68 „ 


100*00 „ 


Village Vialino, ia the Ocloievsky District, 4,000 calorific units; 8*13 per cent, of 
sulphur: — 

30*88 per cent. 

62*40 
7-92 „ 


Carbon • 
Volatile matter 
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4. Tillam Id tl»Bogoroditik Diitriotii 8«600 ealoriflo units ; contains 19 

per cent of nTgxoeoopio water 


Oubon • 
Volatile matter 

Aih . 


84'88 per cent. 
42-76 „ 

22-36 „ 


100-00 „ 

GovernmtiU Kaiouga,^ Village Zetenino, 8,660 caloriflo units; absence of 
sulphnr; — 

Carbon 30*36 per cent. 

Volatile matter 48-36 „ 

Ash - 31-29 „ 


100-00 „ 

6. Village Qnameneky, in the Sikhoin District, 4,200 oalorifle units ; ftesh coal 
conUms 30 06 of hygroscopic water : — 

Carbon 36*70 per cent. 

Volatile matter 44*24 „ 

Ash 29*06 ^ 


100*00 „ 

Oortmnu^t Ekaterinodaw. — 7. Near the village of Mr. Illovaiski ; calcined, leaves 
74*70 per cent, of compact coke , 6,900 calorific units, sp. gr. 126 ; 10,600 cubic feet 
of giis per ton : — 

Carbon 72*22 per cent. 

Volatile matter 24*47 „ 

Ash 2-48 ,, 

Hygroscopic water 0-83 ,, 

100*00 „ 

Government Svmhvrah, — 8. Near the town Sysrane, on the river Volga, 3,600 calo 
rifle units ; bad coal : — 

Carbon 17*20 per cent. 

Volatile matter 37’80 „ 

Earthy matter 28*40 „ 

Hygroscopic water 17*10 „ 


100-00 

9. Caveaem . — On the rivers Conbane and Chonmar the coal gives oompact ooke^ 
7,000 calorific units : — 

Carbon . 68*86 per cent. 

Volatile matter 87*99 „ 

Ash 8*16 


100*00 „ 

10. VonetM fifcMifoiM.— On the river Bolsbaia-Nesvitaia, good anthracite; 7,600 
ealoiiflc units ; 0*27 per cent, of sulphur ; — 

Oarbon . 98*27 per cent* 

Volatile matter 4*92 h 

Ash 1*81 „ 


100*00 H 

Chemical Newe, vol. zszii. p. 79. 

Cosj. or Tn Wobls.— The following Table has been compiled foom the most reliable 
•euices, and it is believed to be a very close approximation to the truth : — 



OOAti 


tW AvAut ^ Ou Okie, <» tmt ^3,210 It. 


Oonatiies 

1878 

1874 

1875 

Great Britain • . ^ \ . 

127,016,747 

126,067.916 

181,867,106 

United States ..... 

60.512,060 

47.872,968 

49,604,662 

42,283,097 

Germany 

45,335,741 

17,600,000 

40,685,832 

FrHQC^ 1 • • • • s 

17,059,847 

16,693,708 

‘Belgium 

15,771.401 

14,669.029 

16,011^831 > 

Austria 

10,389,953 

11,000,000 

10,895.000 

Buraia 

1,123,940 

1,843,658 

1,750,000 

Spain « 


600,000 


Portu^ 

Nova Swtia 

18,000 

1,051,567 

1,226,475 

18,000 

17,670 

872.720 

781, le.*! 

Australia 

1,804.567* 


1 ndia ....... 


850,000 

725,260 

Japan 


890,000 


Vancouver's Island . . . . ^ 

Other Countries, New Zealand, Chili, 

75,000 

80,000 

97,644 

Chino, etc 


1,250,000 

1,375,500 


The Production of Miner»vl Coni in the United Kinj^dom of Great Britain and Ire^ 
laud from 1854 to 1876 is given ns follows in the Mineral Siatieitoe : 


Tmrs 


Gross tons 

Tesrs 


Grow tons 

1854 . 


. 64,661,401 

1866 , 


. 101,630,544 

1856 . 


. 01,458,070 

1867 . 


. 104.500, 48f^ 

1856 . 


. 66,646,460 

1868 . 


. 103,141.167 

1857 . 


. 65,894,707 

1'869 


. 107,427.557 

1858 . 


. 65.008,649 

1870 . 


. 110,431.192 

1859 . 


71,079,765 

1871 . 


. 117,352,028 

1860 . 


. 80,042,608 

1872 . 


. 123,497.310 

1861 . 


. 88,635.214 

1873 . 


. 127,016,747 

1862 . 


. 81,638,338 

1874 . 


. 126,043.2.'>7 

1863 . 


. 86.292,215 

1876 . 


. 131,867,105 

1864 . 

1865 . 


. 92,787,873 
. 98.150,687 

1876 . 


. 1.14,125,166 


For 1875 the colliery inspectors gave 133,806,485, or one million and a half, tons 
nearly, more than the returns made to the Mining Record Office. 1 believe this to arise 
entirely from the ill-judged rule of requiring the coal inspectors to give returns of 
the number of fatal accidents in proportion to the number of tons of coal raised in 
ea^ district. There is a very natural tendency to place the quantity of coal raiftod 
at the highest vhlue, as this reduces the per-oentage of deaths relatively to the pro- 
portion of coal produced. 

Coal. Amaltsimo. — ^The following mode of analysing coal for practical pxirpoBos 
deserves attention : — 

If by heating a small portion of powdered coal with 6 grabs of caustic potash for 
several minutes, the latter after cooling remains colourless, or becomes but slightly 
yellow, the coal belongs to the true old (?oal — * pit coal.’ If the alhaline solution turns 
dark brown or becomes opaque, it is ‘ lignite.’ 

To detect Sulphur. — One grain of powdered coal is raized with 4 grains of nitrate 
of potash and 2 grains of anhydrous carbonate of soda, and the mixture transferred, 
in small quantities, to a silver or platinum crucible of 80 pains* capacity, heated tc^ 
low redness. Having introduced all the mixture, the lid u replace, and the whole 
heated to a lively redness for a quarter of an hour. 'V^hen cold, the contents of the 
crucible are treated with water, and the solution supersaturate with hydrochloric 
acid. To the solution chloride of barium is added, the pulphur estimated from 
the snlphate of barytes obtamed. 

The determination of Water and Aeh ConetUuenU.’-Tm grains of powdered coal are 
place in a platinum amcible in an air-bath, and heated to about 120" for two houn, 
or until a plate of cold glass, held over the open tubulatuve of the bath, shows no 
film of moisture. The loss in weight is water. The heat is then eontinned until 
ho volatile matter can he detected escaping. When cold the residue is weighed as olA 

* Tons of 7.004 lb. In English tons of 2,340 lb., 14,748,371. 

■ New Bonth Wsle^ os/g, for 10*4. 







COAL OFTTING «3WI 

EdimaHon of Oarhon and Eydrog8ii.~--Y\vo gnSns of ooal «ro dried at 10O<* 0., and 
again weigli^ They are then ignited with oxide of copper, and Anally in a cnrrent 
^oxygen or with chromate of lead, and the carbon and hydrogen Citimated from the 
CO* and HH) obtained. 

Edvmation of Httrogm.-^o grain of powdered coal is ignited with eoda lime, and 
the nitrogen eyolred by ammonu abeorM by acids. Hydroriilorio acid is the best 
nbsorbeht, as-'we obtain then sal ammoniac, which, by eraporating the solution, can 
be very readily weighed.— G. C. Wirraranr, Pharm. J. Trano. rii. 

CM>A& OUTTXVO. The American Monitor Coal Cutter . — The only ooal-onttiM 
machine in euccessftil operation in the United States is the invention of Horsob F, 
Bbowk, of Indianapolis, Indiana, and is the result of a series of experiments extend- 
ing over a period of nearly four years. ^ 

This machine may be described as a sonare cast-iron framo revolving vpon a 
lower frame, or bed plate, upon which the oriving and feed pirts are arranged vnth 
the greatest economy of space consistent with freedom of movement and accessibility, 
end a revolving cutter rim carrying the cutters and supported by a radial arm 
attached to the frame. The power is supplied by two trunk engines,^ driven by 
Htfum or compressod air carried from the month of the pit in iron pipes, which 
tonninate with a sufficient length of rubber hose to allow of free motion to the 
machine. 
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The details can be better understood by an examination of the drawings. 

Fiff. 2291 gives a perspective view of the marine in operation, and>Sy. 2292 a plan 
of the same. Similar letters indicate corresponding parts. The frame already ra* 
ferred to is shown by ■ ; upon this rests the trunk engines, o o, 9 inches in i^linder 
diameter, and 8 inchee in length of stroke. Through the medium of the main shaft 
and worm i, motion is communicated to the driving shaft h, carrying the pinion h", 
by which the cutter rim is revolved. 

The cutting axm is in two parts, the supporting arm and the cntter rim, and is a 
leading feature of the machine. The supporting arm, ▲, is a flat, open, malleable iron 
casting, bolted firmly^ to the bracket, o, by a flange-like projection, and, with the 
exception of this prcgection, is entirely inclosed within the cutter rim. Thus sup- 
ports and steadied, and kept in place by a aeries of horisontal disk-like rollers, a\ 
18 the revolving cutter rim, b, 6 feet in diameter and 1^ inch in tbicknes^ and which 
receives motion firom the driving riiafb, h, by a circle of slotted perforatione near its 
outer edge being engaged by the pinion, ifhis device does away with a hub, and 
enablee tiie cutter rim to penetrate the ooal over seven-eighths of its diameter, or a 
depth of 66 inches, and the power being applied at the circumference or point of 
resistance, there can be no loss by leverage. Upon the peripheiy of this revolviitf 
nmars placed the cutter holders, s', ehown with details injhe. 2298 and 2294. Endh 
hoilder is armed with four cutting points, two acting when tne rim revolves from lefr 
to right, and the others when it moves in the opposite direction. These points an 
'merely two-inch lengths of ^ by | chrome eteel, forged to an edge, and are held in 
mace W blocks, grooved so as to give them the proper set These blocks, m 
shown in fff. 2294, ure fostened into the holders by acrews, so that the operator 
can easily replace the points by others when they become doll. Fiff. 2294 also 




COAL OUTTING 


•howi tbt Older hi irUeh the cutter points are plaeed vpon the cutter rim. It 
wiU be noticed that they are set at different angles, so that, althongh the action Is 
continuous, the duty of each is only one*eizth of the kerf, and also ttiat those points 
■et at the greatest angle 'widen the eut sufficiently to dear the cutter arm from lioth 
the orerhaomitt coal and the bench beneath. The braeket, o, carrying the cutter 
arm, is attached to the slesTes, dd, which are vartioally a^’ustable, and held at any 
deei^ eleeatuu on the columns or guides, n'n', by means of the hand-worlHMl cogged 
gearing shown iufy, 2201. This enables the operator to raise or lower the outter 
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arm at wiU, and select, within a tango of 8 feet 0 inches, the most &Tourable part of 
the eeam for the out. Either of theee sleeree can be adjusted independently of the 
other, and the cutter arm thereby angled in such a manner that the machine can be 
work^ in a eeam dipping or rising rapidly, and also aroid any interlaminated rock or 
slate which may interrupt a straight cut. The driying sh^ H, being in sections, 
one of which is squared and * tdesoopes ’ into a oorrespondii^ly squued sleere up m 
the other, is capable of longitudinal acHustment, which, in connection with the 
nuivereal joint, ir, enablee it to accommodate iteelf to the variable elevation of the 
cutter arm. 

By Uie shaft, r, and a syetem of intermediate geering eo eomponnded ae to reduce 
tile speed, the worm, i, is geared to the upright capstan, around 'whiek the draft or 
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feed ahem passes ; and to bring the draft as near as possible to the point of greateet 
reeistai.eo, this chain also passes over a roller under toe bracket o, and then is carried 
along and made £ut at tne end of the wall, as seen in 2292. This gives the 
machine an sntomatie fised to the right or to t^ left, or fbrwved or back, aoiming to 
the position of the Ibet end of the chain. The speed can be rsgnlated to suit the 
hardness of the coal by nducing or enlarging the capstan. The fred-gsaring shown 
in the drawings will move the machine at the rate of 9 inches pw minute, the main 
shaft making 180, and the cuttev rim fi esvolutions in the same time. 


COAL CUMING 28i 

la a n6«nt machine m hand-irorked windlaes was soeoeaBAillj robetitiited for the 
antoniMtic feed, moving the maohine tlizough the coal at the rate of 1 foot, and in 
one inatanee 16 inebei per minute, withkt inereaaing the engine apeed or air 
pn'senre. 

The machine rune upon an ordinary T-iail track of the same gauM aa the mine 
eyatem, so that th^ pi^ can can follow and remove the coal. Each womng face hae 
ite own track, which is moved xm to the new face ae aoon aa the coal looeened by the 
former cut ie cleared away. When drawn over the mine-track eyetem, the marine 
is provided with 16-inch flanged whe<de, fitting upon spindlee, r^, r", v", but upon 
reaching the place of operatione they are laid aeiae, ana the machine ie trundled upon 
a aeries of small rollers, f, f, f, f, with pivoted b^ngs, which allow of their being 
turned at right angles, so aa to run upon either the wall track or the hereinafUr 
described cross track. Similar rollers, p', f', f^, placed horiaontally and bearing 
against the inner sides of the rails, servo in lieu of flanges on the other rollers for 
keeping them upon the rails. 

Preparatory to making a cut, the tiadt, K, x, is placed parallel to the wall, adjusted 
))y set screws in the ties, and braced, aa for as possible, against neighbouring props; 
a cross tradt, k', x', intersecting and extending from it at right angles, connects with 
tho miue track system. With the feed chain and cutter arm extending toward the 
coal to be attack^, the machine moves forward against the foce, and the cutter arm 
channels its way into the coal, until upwards of seven-eighths of its diameter has 
penetrated the lunss. By this time the machine has reached the intersection of tho 
two tracks ; the segmental plates, whu'h thus far have formed a part of die cross 
track, are now turned ao ae to bring their straight sides on a line with the main 
truck ; the rollers f, f, f, f are also tnmed at right angles to their former position ; 
the fo^ chain is carried along the track, and the machine, being again put in motion, 
moves along the wall to any desired distance, making a continuous inch out to the 
depth of 66 inches By the cutter holders being pivoted, maohine can he fad 
either to the right or to the loft, the cutting points which are ahead being thrown 
up when the rim revolves. This feature, together with cuttii^ its own startmg place 
in the coal, gives the ' Monitor* great advantages over machines designed for inking 
a similar undercut. When the limit of the wiO track is reached, the’ feed is thrown 
out of gear without stopping the cutter rim, and by the hand-worked gearing, n", 
the entire machine, with the exception of the lower frame, x\ which always remains 
parallel to the wall track, is slowly swung around, the cutters continuing their 
work, until the cut is sufficiently squared up to aUow of the coal being we^ed or 
blasted down even with the rib or pillar without recourse to the pi^ A cro— tndk* 
similar in all respects to tho one already described, now receives the maohine, 
and the flanged wheels being replaced, it is moved to the nest face. In 2201 
the machine is represented as approaching the cross tra^ The curved zau^ L, z, 
are laid down after the machine is remov^ for the accommodation of the pit oars* 
which, when the latch switches, x''*, x'", are open, can readily pass from one track 
to the other. The chippings, in the form of fine slack, are carried around with tho 
cutters and deposited Mtween the track and the wall, aad the cut is kept so free 
that it has never been found necessaiy to resort to scrapers before taking down the 
coal. 

Mr. JoBir AiJKAinnB, who read a paper on the * Monitor Coal Cutter ’ at the 
St. Louis meeting of the American Institute of Mining Engineers, says : — 

* Machines built on this system have been in use since June 1878* in Measra. 
Kiblocx, ZncsiRMAW and Aijsaiidxs’s Coal Brook JiCne, No. 8, near Brasil, In 
diana, working in both the upper and lower block coal veins of t^t district This 
coal, especially that of the lower vein, is very hard and dmae, and, being of a atrati- 
fled nature, is ao difficult to minsi, that wages rule higher in this field than in almost 
any other nart of the United Statea. The work imposed upon the entter in this mine 
baa, therefore, been vc^ e evare , afifarding an opportnnity of testing its capabilities 
veiy thoroughly. The item of wear and tear hae been reduced to a veiy eatisfoetoiy 
point and as most of the parts move slowly, and cast steel and malleable iron are 
used wherever the friction and strain are the greatest, little trouble is found from 
this Bouroe.' 

The foOewing additional particulars are given : — 


Weight 8,400 lb. 

CyUndere . 9 in. diam., 8 in. ntroke. 

Extreme depth of cut . . . 68 in. 

Height from rail to top of rocker-valve, chest 28 in. 

Air pesssuse required . » » • • • • 20 lb. 



COAL DUST 


€MML& Mm, iU L^hmee in CoUAsry EtjdoaioHB, Sm Collubt EiFLononii 
(Fibb Djjcf, Tol. il. p. S98 ; Bavbtt Lamp, toI. iii. p. 782.) 

OOumT WlMXOWSf Influenet qf Coal Dust in proiumg. (Fibr Daicp, 
Tol. it p, 898 ; Safbtt Lamp, rol. iii. p. 732.) See Occiusioh op GAen in Coal. 

Mr. W. Gaxxowat hae drawn attention to the influence of dry coal dust in in- 
creasing the sad effects of an ezplosiye mixture of carburetted hydrogen and air in a 
coal mine. The results of his researches were communicated ^ Mr. Galiowat to 
the Royal Society and published in the Prootsdingi. From this important paper the 
following abstract is m^e. 

The first notice we have of the effect of coal dust will be found in a paper on coUieiy 
explosions in the Philosophical Magaaine 1846. 

* In considering the extent of the fire for the moment of explosion, it is not to be 
supposed that fire-damp is its only fuel ; the coal dust swept by the rush of wind and 
flame from the fioor, roof, and walls of the works would instantly take fire and burn, 
if there were oxygen enough in the air present to support its combustion ; and we 
found the dust adoring to the face of the pillars, props, and walls in the direction of 
and on the side to^nirds the explosion, increasing gi^ually to a certain distance as 
we neared the place of ignition. This deposit was, in some parts, half an inch, and 
in others almost an inch thick ; it adherea t(^ther in a friable coked state ; when 
examined with the glass it presented the ftisea round form of burnt coal dust, and 
when examined chemically, and compared with the coal itself reduced to powder, was 
found depriyed of the greater portion of the bitumen, and in some cases entirely 
destitute of it. There is eyery reason to belieye that much coal-gas was made from 
this dust in the yery air itself of the mine by the fiame of the firodamp, which raised 
and swept it along ; and much of the carbon of this dust remained unburnt only for 
want of air.' 

The subject has attracted moro attention in France. In the first numbej; of the 
AnnaUs da Mina for the year 1676 there are some notes referring to it, together with 
a paper by M. Vital, Ingenieur des Mines. M. Vital describes, in a yery minute 
mannar, all the phenomena produced by an explomon in the Campagnac Colliery on 
Noyember 2, 1874. A shot, which blew out Ime tamping, was fir^ in one of the 
working places, iu a seam of bituminous coal, which burnt three men so seriously that 
they died within a week. No fire-damp bad been detected in this place at any time ; 
but as the floor was corered with yery fine, dry coal dust, and as the shot was fired 
at the Itottom of the face, and would consequently raise a cloud of dust, it whs con- 
cluded that nothing but the instantaneous combustion of coal dust, imder the influence 
of the shot, could account for the accident. 

The writer then describes the nature of the coal dust, both in regard to the sixe of 
the particles and their chemical composition ; and afterwards he giyes an account of 
some experiments conducted by him in the Bodes laboratory, for &e purpose of ascer- 
taining to what extent a fiame resembling that of a shot is lengthened wnon suddenly 
lanced into an atmosphere consisting of air with fine cool dust suspended in it. In 
concluding, he says : — ' Very fine co^ dust is a cause of danger in d^ working places 
in which shots are fired ; in well-yentilated workings it may of itself abne giye rise 
to disasters ; in workings in which fire-damp exists it increases the chances of explo- 
sion ; and when an accident does occur, it aggrayates the consequences.' 

Mr. W. Galloway, conoeiying that air with certain proportions of fire-damp and 
dry coal dust would be explosiye at ordinary pressure and temperature, although the 
presence of the came proportion of one of the combustible ingredients or the other 
^one might be insufficient to confer this property on the mixture, instituted a series 
of expenments on the Llwynypia Ckillieiy, in the Rhondda Viillejr. It is scarcely 
necessary to describe the apparatus employed. It consisted essentially of a wooden 
box or pipe, so arranged that a strong current of air could be driven through it. In 
this a naked flame was placed, and the air charged with eyeiy proportion of dust» 
from a thin and scarcely yisible cloud to one which extinguished the flame of the lamp. 

The coal dust used was of the following composition, analyses having been mode by 
Dr. Fbakxlaxd 

Bteam-ooal dust BltnmliMnuHNMl duel 


Carbon • 86*296 62*670 

Hydrogen 6*040 6*400 

Oxygen (by difference) .... 1*261 6*080 

Nitrogen *608 1*060 

Snlplw *692 *800 

Moiitoe *614 *670 

Aeh • • • • 9 • • 6*400 8*480 


100*000 


100*000 
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* In 8Qtt6 of theezptriiiieBtil with oo»l dost and air aloae, the duet of the bitaminoue 
ooal mw earaMlj dried ahd nfked throogfa mtielin before being need. 

* The reeults of thoie experimeiita. and of othen iriiioh 1 have made ■inoe, eeem to 

my condiieiTely that a mUiurtqftttr 4md coal dust is not k^fkmmabls at 

^’^^V^nfhom^a emST^ntitj of fire-damp was allowed to pass mto the ap- 
paratus, the ^Ts being partly opened to determine an air^onrrent, the mixture of 
air, flrd-damp, and eoaldust was found to be somewhat explosive. 

* This experiment was conducted in the following way : — A safety-lamp was placed 
in the apparatus, and the quantity of fire-damp was regulated until the flame of the 
safety lamp showed no indication of its presence. The safety lamp was then removed 
and replaced by a naked light, and coal dust was admitted. The effect was instan- 
taneous ; for, as soon as the cloud of coal dust touched the flame, an explosion took 
place, and the box was filled with a red flame, which continued to burn until the 
supply of coal dust was cut off or the air valves clos^ The naked light inside the 
apparatus was raised up to the top by means of a wire, just before the coal dust was 
admitted, in order to ascertain that there was not an explosive mixture of gas and 
air at that point.* 

After an explosion in one of the South Wales collieries, all the conditions of the 
workings were most carefully examined by Mr. GIailowat, and he writes : — 

' Every circumstance tended to show that some explosive gas had accumulated at 
the inner end of the level, where there was no ventilating current ; that this gM had 
ignited at one of the naked lights, raising a cloud of dust along the level by its ex- 
plosion, and that there had been sufficient fire-damp in the air occupying the level to 
form a weak explosive mixture when the coal dust was added. 

* There < ould be no doubt whatever that the whole of the air in the level contained 
some fire-damp, so that it became a matter of importance to ascertain the smallest 
quantity required to make air explosive when cool oust is added; and with this object 
in view 1 made further experiments. 

' A wooden box was employed ; but instead of connecting it to the top of the upcast, 
a small blowing fan driven by a steam turbine was joined to it at one end, ana ths 
other end was left open. 

* A fan draws the air into two chambers, one above and the other below the blades ; 
from these chambers the air posses into the fan itself, downwards and upwards 
through central openings, and is expelled into the apparatus through a tangential 
pipe. 

* The fire-damp pipe passes through one of the air-holes into the lower chamber, 
and, being turned up at the end, terminates close to the blades. 

* The whole of the fire-damp coming from the blower is allowed to pass into the 
fan ; and as there is always an inward draft through the air inlets, the whole of it 
possee into the apparatus thoroughly mixed with air. 

* The qualitative experiment with this apparatus is made in the following way:— 
The fan having been set in motion, a current of air and fire-damp traverses the ap- 
paratus. A safety lamp is then placed in the box, and the velocity ^ the current is 
increased ly opening the valves until the flame of the lamp gives no indication of ibe 
presence of the firshdamp. After this the safety lamp is removed and two naked 
lights substituted, one opposite each window ; and coal dust is supplied through the 
nopper. As soon as the cloud of coal dust reaches the flame, it takes fire, and either 
explodes backwards against the current, or fills the box with a red flame, according to 
the amount of fire-damp in the mixture. Meanwhile the lamp continues to bum 
exactly os before, showing no indication of the presence of the fire-^hunp. This ex- 
periment is quite conclusive. 

* The quantitative experiment is slightly different. A safety lamp is placed, and 
the valves are dosed very gradually until the current beoomee explo^ ; the velocity 
ia then measured by means of a small anemometer, observed thmngh a window. 
Aftw this the valves are opened to any desired extent ; the velocity of the current is 
again measured ; the anemometer is removed, and a light substituted for it, 
and coal dust is admitted. 

* I fbund that the current of air and fire-damp alone was just explosive when its 
velocity was 166 ft. per minute; and two other observations, made during the inter- 
vals brtween the experiments with coal dust, gave respectively 160 and 168 ft. 
Again, on January 6 it became explosive at 160 ft per minute. On the former occa- 
sion the velocity was increase to 206, 881, 887. 440, 628, and 648 ft. per minute, 
and on th4 latter to 714, 806, 000, and 1,060. At the whole of theee velocities the 
mixture became instantly inflammable when coal dust was added to it and filled the 
apparatus with a large smoky flame, which set the wood on fire when oantinued fior 
moce than a few seconds, At a rather higher velocity than the last the coal dust did 
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not nialM tiM mbtiiVB inflamiiwble ; 1 did not» howmr, detenniae the eiact poiat at 
whidi it ceased to have tbie efRooU 

* By other experimeBti I ibund that a mistme eonaiitifig of 1 rolume of this flre- 
damp and Id rolamea of air is inflammable^ and that with 16 volumes of air it is not 
inflammable at a temperature of 67° Fahr. Making use of these data, then, to qal- 
enlate the oomposition of the mixture passing through the apparatus during the fast 
of the second series of experiments, we And that the relative volumes of gas and air 
were 0*376 and 140*626 at a velocity of 160 ft. per minute ; whereas they were 0*376 
and 1060*626 at 1,060 ft. per minute, or 1 flre-damp to 112*06 air in the latter case. 

* In order to obtain reliable results from these experiments, it was necessary to have 
some means of ascertaining that the whole of the flre-damp entered the appmtus at 
the low velocities, and that the fiin exerted no exhausting force on the gas pipe in the 
opposite eases. For this purpose the 2-in. gas pipe was terminated at a distance of 
16 in. from the fhn, and the gas was conducted from this point to the centre of the 
ftn chamber, through a 1 j-in. pipe fltted loosely into the former to a distance of 
about a foot; a very delicate means of observing the state of the pressure in the gas 
pipe was also provided by having a small hole punched in it at a distance of 16 ft. 
nom the fan, and keeping a jet of gas continually burning at that point. 

* When the vcdocity of the current was low. gas escaped through the space between 
the two pipes, and discovered its presence when a light was applied to it. It was 
then necessaiT to close some of the air inlets to the fan, either partially or wholly, 
until a flame held at the junction of the gas pipes was drawn inwards ; at the same 
time the flame of the jet 16 ft. off had to be car^lly observed, so that the closing of 
the inlets might not m carried too fiir. When the velocity was greatest, on the other 
hand, all the air inlets were opened ; and although air was drawn through the junc- 
tion of the gas pipes, the height of the flame of the jet already referred to did not 
diminish to an a^reoiable extent.' 

To recapitulate in a summary manner, we have now two principal facts us, 
which are these 

1. A mixture of flre-damp and air, in the proportion of 1 volume of the former to 
60, or more, volumee of the latter, gives no reliable indication of the presence of the 
in^mmable gas, when tested in the manner usually, if not always, adopted in minea. 

2, A mixture of flre-damp and air, in the proportion of 1 volume of the former to 
112 of the latter, becomes inflammable at ordinary pressure and temperature, when 
charged with fine dry coal dust, such as that which is to be found on the roadways in 
dry coal-mines. 

It seems, therefore, only reasonable to conclude that an explosion, originated in any 
way whatever, in amine this class, may extend itself to remote parts of the workings 
where the preeenoe of fire-4aanp woe quite umueyeeted, Mr. Gallowxt proceeds to 


■ay:— 

* It is by no means so uncommon as might be imagioed to find the air at the Ihca 
of the workings and in the return air eoursos of what are considered to be well- 
ventilated minae showing a cap at least h iu* high on the small oil flame. I refer to 
my own observations in mines abounding in diry coal dust, and reported to be free 
from ya$t because no inflammable aocumi^tion wae known to exist in them at the 
time. In these cases the fire-damp appmrs to be given off quietly at a uniform rate 
along the ihce of the coal, but nowhere in such quantity as to render the atmoephere 
locally inflammable. To give some notion of the volume of gas given off in this way, 
1 nsM only mention that, in one instonce, I found an air current, whose volume 
amounted to 34,000 cubic feet per minute, ehowin^ a cap 1 in. high. lUdng this 
esse as an example, we may summ the amount of air to be donbled, so that where a 
cap 1 in. high was to be found formerly there is now no trace of gas. Then we know 
that, so long as the ooal dust remains undisturbed, naked lights might be need with 
perftct safbty ; but 1st it onoe be raised and ignited by a sm^ local explosion of fire- 
damp, or by aidiot such as that which caused the explosion in the Campagnae OoUisry, 
and the final reeulta may be of the most eerions dewwiption. In this way some of the 
great mqdosions whioh have oocnrred in mines snppo^ to be almost, if not quite, 
free from explosive gas may perhaps be accounted for. 

* The e^odon in the Campagnae Colliery might poesibly have been partly due to 
the praaence of a small proportioD of flre-damp in the atmosphere of the working place 
In vraich it ooenrrod. That place had been driven in ooal to a dietanee of 26 mwtes 
Beyond the ventilating eorrent of the district, and waa ventilated only by an eddy 
which passed inwards aloi^ the floor and returned alosw the roof ; and, afthongh no 
fire-damp had been found in it, the workmen were provided with a safety-lamp with 
which they were expected to make a oareftil examination before ignitii^ a shot. This 
precaution wm considored neeessaiy, since slight explosions hud taksn place in otbiA 
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BMti of the iMie mine. Lmtly. the ivo^ng pUee wee quite lerel, eo that it ofiked 
no mportnnitgr fbr ea eoeumiilation of esploiife gee to be formed in it 

*TiDemoet etriking oirenmitaiioe^ ho^rer, connected with tbii esploeion is that 
ilthongh it raised a dense dond of coal dust along the galleij which formed the pro- 
longation of the plaoe in which it ooeorred, to a distance of from ISO to 160 mitoes, 
the dames do not appear to hare extended more than 7 mtoes b^ond the point at 
which they first enooantered the rentilating current 

* 8iiaUarly,-in the case of the Llan explosion, 1 fbnnd that, at a distance of 16 yards 
or so beyond the p(^t where the prinapal air cnirent was met the traces of coked 
coal dnst on the timber began to grow fointer; and althongh they could be found 
here and there to a distance of 70 yards forther, they were indistinct for the last 40 
yards and resembled sparsely ecattered grains of gunpowder. 

* Before leaving this part of the subject it may not be oat of place to make a few 
remarks on the influence of blasting shots in giving rise to explosions in mines. 

* There can be no doubt that the gasee which isene from a ahot hole have a suffi- 
ciently high temperature to ignite an explMive mixture of fire-damp and air if they 
pasB intoTt immediately. 1 exploded such a mixture of coal gas and air nuiny times 
by firing a pistol shot into it when making experiments at the Meteorological Office 
in the beginning of the year 1873. It aeems exceedingly doubtful, however, whether 
the gases even from a heavily charged shot which blows out the tamping will retain 
a sufficiently high temperature to ignite a mixture of this kind at a distance of a fow 
yards, if they have to pass through a space filled with pure air before reaching it.’ 

Mr. W. Gaxlowat makes the following remarks on the influeneee of changes in 
pressure and temperature on these lamentable occurrences : — 

* The occurrence of three great explosions within as many days in the beginning of 
December last seemed to indicate tne infinence of some external agency tending to 
produce the same result in each individual case. The barometer was high and the 
temperature at the eurfrice exceptionally low at the time ; and it ie well known that 
these atmospheric conditions are not fovourable to the occurrence of explosions in 
which fire-damp alone is concerned. It hod been often observed before that disastrous 
explosiims happen most frequently during the winter months, and in some instances 
daring very cold weather. Mr. Soorr has recently informed me that he pointed out 
the latter circumstance in the year 1 867 in an official letter to the Home Ofilce ; and 
in preparing the dia^ms for our papers on the * Connexion between Colliery ikplo- 
eione and Weather/ it was remarked by both Mr. Scott and myself that several great 
explosione had occurred in the years with which we had to deal (1868 to 1872 in- 
clueivel daring weather very similar to that which prevailed in the beginning ot 
Decemoer last. This phenomenon wae more marked, however, on the last occaeion 
than at any time during my own experience ; and while I was investigating the causes 
of the Lion explosion the following explanation prasented itself to me : — 

' If we assume that the magnitude of some collieiy explosions has been d«>teEmiDed 
by the presence of coal dust in the workii^, and that the b^grometrio state of ooal 
dust changes with the humiditpr of the air with which it is in contact, then it is an 
obvious conclusion that explosions of this kind will be most likely to ooenr w^n the 
air ^ tht ndnea is driest ; for at such times not only will the coal dust be most eauly 
raised into the air bv the local explosion (which we may always suppose to happen at 
any rate), but it will also be burned more easily than when it contains a larger pro- 
portion oS moisture. 

’As an example, we may take the case of a dry mine, in which the tamperatnie of 
the workings is 70° Fahr. During warm weather the air which descends the shaft 
has a temperature of, eay, 00° when it enters the intake air-conree ; at this stage it is 
also saturated with vapour, for there is usually a little water trickling down the sides 
of a mine shaft. The temperature rises gradually as the current draws nearer to the 
faces, and at length attains its maximum when the newly exposed fiue of the coal 
has been passed. During this process the humidity has mso been increasing to some 
extent, always remaining below oomplete saturation, however, in a mine of uie kind. 

* In very cold weather, on the other hand, the same current may sometimes have a 
temperature of 82°, or less, when it reaches the bottom of the shuft; and since it 
passes through the fkms workings, its temperature rises to 70° as before. It is plain, 
thmfore, that, In the latter case, the ventilating current must either obtain an ad- 
ditional supply of moisture from the workings (about ^ lb. for eveiy 1,000 cubic feet 
of or It must be drtsr than in the former case at every point of its oouae. 

^ JiVimd/aois, thsD, this process of reasoning leads us to the conclusion that explo 
sione wAom moffnUudf i$ du§ to the ii^uemee ^ coal dust will happen most frequently 
during ccdd weather ; and, oonversely, we might expect to find that the mofftiiiiude of 
those explosions which occur during cold weather is traceable, in some measun, to 
the influence of ooal dust. 
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€OMSL OJUI. (Tol. ti. p. 840, C^aii Coal.) The leut tnoe of acriplmte in coal 
gat oan be detected by peMing the gae thxough the ammoniaoal aolution of the chloride 

'of copper, a blood-red precipitate of ouprosthetktnyl oicide, 5hS*} formed. 

Or it may be detected by a very eimple method, ^y placii^ a gaa bonier, in which 
the gas is burning low, under a fhnnel which is connected with an aspirator, by which 
the products of combination are passed into an ammoniaoal sUrer solution, a white 
precipitate is formed. 

ANyUnet CH*, is a gas resembling When the precipitate formed in the 

above experiment is a greenish yellow, ^lylene is present — A Makuaicftlu ChmMtry 
efthB Carbon Componnda, by C. ScBoniinKMitB, F.R.S. 

The articles on Coal Gas and Gas Wobxs in the tJecond Volume will be found to 
include eveiything of real value on the subject of the production of illuminating gas 
and its porifloation. 

Estimation of Sulphur in Coal Gas.— The author employs the method formerly 
described by him for the estimation of chlorine, phosphorus, and sulphur in organic 
substances, vis. burning in a stream of oxygen, and paming the products of com- 
bustion over granules of quicklime. The gas to be examined is collected over water 
in a large flask of some 10 litres' capacity, closed by an india-rubber stopper, perfo- 
rated unth two Wes ; through one of these a glass tube passes, reaching nearly to 
the bottom of the flask; this is connected with a reservoir by an india-rubber tube 
furnished with a pinch-cock, so that u^ter can be allowed to enter at will, and expel 
the gas through a tube passing through the other hole in the stopper, whence it is 
led to a combustion tube, into which a stream of oxygen is also allowed to pass by 
means of a doubly perforated cork. This tube is about 12 mm. in internal diameter 
and 48 cms. long. The end is closed with a pellet of crumpled platinum foil occupy- 
ing about 2 cms. ; behind this is a layer of 10 cms. of granulated quicklime, prepxred 
by igniting the nitrate. The tube is then filled up with fragments of quicklime, and 
flnaUy a 0ug of broken glass, surmounted by 20 cms. of finely shred asbeiCus,, or of 
erunroled-up platinum foil, is inserted. 

When the combustion of the gas is completed (which for 10 litres requires 1^ to 2 
hours), the quicklime at Uie fhrther end of the tube is extracted for a length of about 
2 cms., dissolved in acid, and tested for sulpliate ; if none be found, the operation has 
been successful, and the rest of the lime is dissolved in acid, and the sulphate pre- 
cipitated by barium in the usual way. If, on the contrary, sulphate be found in tlie 
last 2 cms. of quicklime, it is probable that some sulphur has escaped without 
conversion into calcium sulphates, and the operation should be commenced over 
again. — G. Bbuosluank (Zeitsohr, Jnat. CAemte, xv. 176-186). 

M. Bhbtbblot describes the following method of determining the amount of 
bensene vapour in a volume of coal pis, which need not exceed 16 o.o. The 
deprived of caidionic acid, is collected over water in a vessel which is dosed, when 
foil, by a cork supporting a tube of about 1 c.c. capacity, filled with foming nitric 
acid 

The bensene is quickly converted into nitro-bensene by agitation, and after absorb- 
ing the nitric vaponre by potash, the volume of the residual gas is ascertained by 
transferring it to a graduated vessel, the initial volume having bMn previously deter- 
mined by a carWl gauging of the apparatus. 

M. Bhbtexlot gives the following fl|nires as representing the ouantities of the 
lespeetive bodies in 1,000,000 volumes of the illuminating gas experimented upon : — 


Bensene vapour, 0*H* 
Acetylene, C*H* 

Ethylene C»H* 

Fro^lene C*H* 

AllyWe 

Butylene, fte. O^H* 

Grotoojlane OH* 

Teipene 0‘*H'* 

Other hydrocarbons 


. 80,000 to 86,000 
. 1,000 
. 1,000 to 2,000 

. 2*6 
8 

• txaeea 
. 81 
42 

. 08 

Comptes Smdnt, Ixnui. 


COMA, Gases sndosed in. The gases actually endosed in coal were first sabjeeted to 
examination by Br. Eaifar voir Mxtbb, who published his rasulto in 1878 (Jeicm. vr. 
extern. (2) V. 144-188), which were abetracted in the Journal Chenioal Soiuiy 
(NB. vd. z. m 798). Dr. Mana states that the sases empWed in this mmsM 
ware obtained from the eoals by introducing two to four bundled grains into a fiadt, 
which was immediatdy filled up with hot de-aOrated water, which was then builsd so 
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■a to expol the gases ftrom the eotU, and drive them through a short straight tube into 
a number of tubes inverted in a basin of water. 

The quantltv oi gas contained in 100 grams of various eoals freshly raised and 
long weathered is shown in the following table : — 





Fresh] j raised 

Wosthend 

1. Zwiokau ooal gave 


. • 

. 88‘0 c.c. 

a. 18*0 C.C. 


* 

• 

. 26*6 

11 

a. 18*6 ,, 

8. .. 


. 

. 64-8 

II 

a. 13-6 „ 

4. Westphalian from Essen gave . 

. 

. 22-6 

II 

— 

6. „ „ Bochum gave 

. . 

. 60-6 

•1 

a. 48-2 „ 

6. 



. 64*4 

•I 

a. 80 2 „ 

The composition of the gases from the 

fresh coal 

was found 

to bo ns follows : — 


ro* 

0 

N 

CH‘ 


1 

2-42 

2 51 

23-27 

71-0 


2 

4 02 

0-62 

50*36 

45 00 


3 

00 

troco 

48 0 

51-4 


4 

7-6 

2-60 

80-91 

— 


A 

4 87 

2*60 

75-82 

16 66 


6 

1*30 

1 60 

66 85 

30 25 


Tlie composition of throe 

samples of weathered coal was found to be— 

2 a . 

2*25 

0-7 

23-69 

73-16 


6a . 

. 1112 

2 88 

78*6 

7*4 


6a . 

4‘36 

3*35 

81-18 

11*12 



Theso numbers show that exposure to the weather causes a considerable loss of the 
marsh gas. Dr. Mhthb remark, ' The ratio of oxygen to nitrogen and carbonic acid 
also serves to show that, in the process of the passage of vegetable remains into cbal, 
the oxygen of the air concerned has gone mostly to the burning of the hydrogen, leaving 
the car&in comparatively intact.’ 

This does not appear so evident as Dr. Metbr thinks it to be. The analyses are 
given as the first tnat were made, and they are of considerable interest and value ; 
but there are evidently some discrepancies between the quantities of nitrogen given 
and those of marsh gas, which it is not easy to reconcile. 

Dr. Ernst von Mkybb also examined the gases enclosed in English coal, irom the 
Durham and Newcastle coal field. Jovm. pr. Chem. (2), v. 407-416, abstracted in 
Journal of Chemical 8o(nety, in connection with the previous paper. 


Nsme of OolUory 

100 ^ms 
gave 

CO* 

OH* 

0 

H 

1. Bkwicxh Main, T/iw Main Soam . 

C.C. gas 
26*2 

6*66 

6*62 

2*28 

86*65 

2. „ Maudlin Seam 

30 7 

8*54 

26-64 

2 96 

61*97 

3. Urpktk, Main Coal Scam . 

27*4 


— 

4-83 

74*31 

4. „ 1 Seam (30 fatlioms from siir- 

face) ...... 

24*-l 

16*61 

trace 

6*65 

77*34 

5. WiNOATE Grangb, Low Main Seam (7 1 
fathoms from surfiice) . . 

91*2 

0*34 

86-8 

trace 

13-86 

6. Wingate Granor, Low Main Seam 
(108 fathoms from surface) 

238*0 

1*16 

84*04 

0*19 

14 62 

7. Wingate Grangb, Harvey Seam (148 
fathoms from surface) 

211*2 

0*23 

80 61 

0*66 

961 

8. WooDHousB Closb, Harvey Seam (20 
fathoms from surflice) . • 

84*0 

6 81 

60*01 

0 63 

44-05 


Taking the speeiflo gravity of coal as 1*8, it will be seen that Nos. 6 and 7 contain 
nearly three times their volume of gases measured at ordinary pressures, and that 
theimore, as the ooal is very hard and dense, the condensation of that ^ must be 
very great.^ This is the remark of the abstraction, but the results obtained by Mr. 
Thomas will show that the closer the structure of the coal the greater is the quantity 
of gas occluded. 

VoL. IV. 
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Pf. E. T. Mirmt mmined also tbo gafies from the eoale of the Soar district {Jonm, 
pr, Chem. (2>, ri. 389-416). The gases from four pits were examined, but it is not 
clear whether the gases were those contained in the coal or obtained from the work* 
ings These, therefore, are omitted, but the results are my nearly those obtained 
from the Durham coal. 

At this point the entjuiry was taken up by Mr. W. J. Thoicas, who published the 
results of nis enquiries in a paper read before the Chemical Society, bearing the title. 
On the Oases enetosed in Coals from the South Wales Basin, and the Oases evolved by 
Blowers, and by Bonny into the Coal itself, and published in the Journal qf the 
Chemioal Society for September 1876. 

Mr. Thomas proceeded as follows in making his experiments : — Slices of coal were 
sawn out of the middle of largo cubes, and a strip about in thickness and 6" to 8"' 
in length was next cut from the middle of this slice, the edges rounded oflf, so as to 
make it slide readily into a glass tube of the proper diameter. Tho coal was brushed 
with a feather to remove any adheiing dnst, and speedily placed in a glass lube, one 
end of which had previously been drawn out into a long neck, so as to form a con- 
nection with th» Spkbnqbl mercurial pump. Tho other end was then sealed off 
before the blowpipe, at a sufficient distance from the co.il to prevent any material rise 
in temperature. The usual water-joint connection was then made with the Spahnobl 
pump, the air exhausted as quickly as possible, uutil almost a perfect vacuum had 
been obtained, and tho last portion of tho gases which was brought over collected and 
subjected to analysis. Mr. Thomas proceeds to say — 

' Mauy of the bituminous and steam coals of tho South Wales field are of a porous 
nature, and far from hard or dense; and from their physical aspect it appeared pro- 
bable that, on witlnlrawing the air from around the strips of coal, and on tho forma- 
tion of a partial vacuum, a large portion of the gasos enclosed in the coal ^ould 
escape. This was not found to be the case, however, as very little gas was evuhed 
from any of tho coals which I had occasion to examine, even when almost a c'^mpleto 
vacuum was obtained, and the amount of gases so giren off rartly exceeded 2 or 3 c.c. 
per 100 grams of gas. Some of the steam and bituminous coals, which wore hard 
and laminated, as well as the still harder and denser anthracites, evolved only traces 
of gas, whilst the enclosed gases were rapidly given off os soon as the temperature 
was raised. 

* When the whole of tho air had been removed, the tube containing the coal was 
immersed in boiling water, and kept at a temperature of 100*^ C for about seven hours, 
or until the mercury pump ceased to bring over any appreciable quantity of gas. The 
g.ises thus evolved were collected in graduated glass tubes. 

* From 10 to 30 grams of coal were usually employed in each experiment, according 
to tho nature of the coal and the qwntity of gas evolved, a very small quantity of 
anthracite being sufficient to frimish an ample amount of gas for analysis, whilst 
highly bituminous coals gave off so little gas, that 30 grams of coal were required to 
yield the necessary volume. 

' Tho rapidity with which the occluded gases are evolved, under a vacuum at 100°, 
depends upon the hardness of the coal and the quantity of gas enclosed. Sy far the 
neater TOrtion of the ^es given off at that temperature is brought over by the pump 
during first three hours. 

' Still the whole of the enclosed gases present in those coals is not withdrawn at 
100°, nor even at 200°, and there remains a considerable quantity still imprisoned in 
the j^ores of the coals after having been kept at that temperature fur hours. In a 
few instances 1 proved this by heating the coal up to 300°, or close upon the point 
wh6re decomposition takes place.* This ihet, Mr. Thomas remarks, is of considerable 
importance, as it shows that Mhtkb could only have worked with that portion which 
is forced fVom the coal at the temperature of boiling water. 


1. Biromirons Coat., ftrom a level 
at Sonth Pit, Plymouth Iron 

Works 

3. Bitumikous Goal, from South 
Pit, Plymouth Iron Works . 
3. Bitumikous Goal, from Gwm 
Clydoch, No. 3, Rhonda 


a as evolved 
from 100 

Anal>8iB of gaa evolved In 100 
ports 

grains of coal 
at 100® C. 

Carb. 

Anhjd. 

Oxygen 

Marsh 

Gas 

Nitrogen 

66*9 c.c. 

36‘42 

•80 


62*78 

« 1*2 .. 

1617 

1 2-72 

1 

•40 

80*11 

66'1 „ 

6*44 

1-06 

63-76 

29*76 
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Gee evolved 

Anelyels ot gee evolved in 100 I 



parte 



from 100 
orameoCooel 











■tlOOOO. 

Oerb. 

Anbyd. 

Oxygen 

MeTsh 

Qae 

Nitrogen 

The tube containing the coal 
WHS left exposed to air for 
11 weeks and 2 days, then 
connected with Spubkobl’s 
pump, and heated to 100° 0. 
for seven hours 






88*2 C.C. 

11-10 

7*67 

9*31 

71*92 

4. SsMl-BITUMINOirS COAL, ButO 




72-51 

14*61 

Merthyr, Rhonda Dist. 

.*> Steam Coax., from Bute Mer* 

73*6 ., 

12*84 

0 64 

87 30 

7 33 

thyr, 2 feet 0 inch seam 

194*8 „ 

6*04 

0*33 

G Steam Coai, from Navigation 




81*64 

4-66 

Coll 10 ^, upper 4 feet seam . 

7. Stjw^m Coai , Dunravuu Col- 

2601 „ 

18 21 

0-49 


0*88 

liery, upper 4 toct sonm 

218 4 ., 

5*46 

0*44 

84*22 

8. Steam Coat, Cyfarthfa, upper 




67*47 

12 61 

4 foot Hearn .... 

147*4 ,. 

18 20 

1 02 

9 SriAM Coai., Bute Morthjr, 6 





3 49 

Honni .... 

876*4 ., 

9-26 

0*34 

86 92 

HiiH ‘o.il was broken to pioeoa 






nnrt exposed to tlio atrao- 
spluTo for 14 wookn, then 
subjected to 100° C. for 7 
hours under a vacuum . 

112*3 

11-76 

2*61 

64*78 

30 83 

10 SiKAM Coat , Bunravon Colliery 

149 3 „ 

U 36 

0 66 

73 47 

14*62, 

11. Steam Coai, Dnffryn Colliery . 

12. Bitumin )us Coai , Bettwys Coal, 

216*4 „ 

6-61 

0 64 

1 

82*70 

11*12 

Ogmoro Valley 

24*0 „ 

22*16 

6 09 

2 68 

69 07 

13. Bituminotts Coai, Lantwit 

The tube containing the coal 
was exposed for 10 weeks to 
air, then exhausted, and 
heated to 1 00° C. ffir 7 hours 

39 7 „ 

9*43 

2 26 

31*98 

66 31 

31*2 „ 

18*62 

7*94 

7*86 

66 68 

14. Awthbacitb, Bonville Court 

656 6 ., 

2 62 

none 

93*13 

4 26 

15 Anthracite, Watney’s Llanelly 

600*6 „ 

14*72 

— 

84*18 

1 10 

ITeated in a bath ot paraffin at 
200° C for 8 hours 

After standing m vacuo at 12° 

993*1 „ 

1 

8*06 

— 

91 B3 

•11 

C. for 41 houi'- 

Further heated at 300° in pa- 

19*1 „ 

— 

— 

— 

— 

raffin bath .... 

200*6 „ 

1*43 


98*47 

10 

The total volume of gas evolved 
IG Ninegramsuf this coal taken from 

1876*9 „ 

— 

— 

— 

— 

the centre of a large lump, 
exposed to the atmosphere 






for 4 weeks, then exhausted . 

7311 „ 

14 60 

— 

81*34 

4 06 


Mr W. J. Thomas makes the following dednctions from his earefhlly conducted ex- 
periments : — 

‘ The gases from the three classes of coals which were analjbed differ, as might be 
expected, both in quality and even more so in quantity. The bituminous coals, when 
on or near surface, contain little or no mfirsh gas, and the percentage of carbonic 
anhydride is usually very high. The quantity of gas which they yield is much 
smaller than t^ given off by either steam coal or anthracite. Jt would indeed be 
possible to arrive at a pretty safe conclusion as to the bituminous character of a coal 
by analysing the enclosed gases, and taking into account the quantity. It will also 
become readily amarent that seams of bituminous coal can be a^ are worked all over 
Bouth Wales with naked lights, as they contain little or no marsh gas, and the few 
mmples taken from deeper levels which contain a high percentage of the same still 
differ materially from the steam coal and anthracite, by giving off comparatively small 

bS 
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qnantitief of gaies only. The ml diffienlfcy of vorking these seams arises, in fact, 
not BO mush nom the presence of marsh ^ as that from carbonic anhydride. On no 
occasion did 1 meet with any carbonic oxide, however, although I loom carefhlly for 
this poisonous gas.' 

Steam coals evolve a much larger quantity of gas than bituminous, and their com- 
position also differs by showing invariably a very high percentage of marsh gas, as 
much in fact as 87 i^r cent. The volume of gas depends in a jneat measure upon the 
hardness and porosity of the coals, and upon the time which naa elapsed since they 
were removed from their respective seams or veins : this latter applies equally to all 
coals. 

Hard compact steam coals, especially those showing laminated structure, evolve a 
quantity of gas approaching to that given off by anthracites. 

Steam coal also gives off a considerable quantity of gas at 200° after having been 
previously heated at 1 00° G. for some hours. 

Anthracites yield by far the largest gas volumes ; e.g. sample 16, of specific gravity 
1*35, and giving on analysis 2-07 per cent, of hydrogen, yielded from 100 grams of 
coal as much as 600 c.c. of gas when heated at 100° for seven hours. On heating it 
to 200° for eight hours, close upon 1000 c.c. of gas were obtained, whilst at 300° a 
still further quantity was given off, the gas obtained amounting altogether to 1876‘9 
c.c. for 100 grams of coal. 

The composition of the gases evolved from anthracite closely resembles that from 
steam coal ; the only difference appears to be that the anthracites from the western 
part of the coal basin occlude more marsh gas and less carbonic anhydride, and that 
they are absolutely free from oxygen, while steam coal as a rule showed traces of 
oxygen. It is worth observing, that the ^ases evolved from anthracite at 100°, 200°, 
and 300°, are analogous in composition, In so far as they consist of carbonic anhy- 
dride— marsh gas and nitrogen only — but that the percentage of the latter is reduc^ 
to a mere trace ; also, that the percentage of carbonic anh^ride decreases, leaving a 
gas volume consisting almost entirely of marsh gas. 

The fact must not be lost sight of, that these conclusions refer only to anthracites 
when examined in the laboratory ; neither must it be taken for granted, berause a 
coal contains a largo volume of occluded gases, even when such gases consist mainly of 
marsh gas, that the seam or vein from which it is derived is a fiery one, and one that 
requires great caution in working. The very reverse is indeed the case. Now, 
alth ough steam coal yields loss gas than anthracite, it must not be supposed for a 
moment that it is, therefore, safer to work the former. Steam coal, before being 
removed from the seam or vein, holds enclosed a much larger quantitv of gas. Being 
loss hard and more porous, tlie ms escapes from it in vastly increased quantities over 
that from anthracite. The volume of gas rushing out from the free of most steam 
coals is BO enormous, as to be almost incredible, whilst little gas escapes from a work- 
ing face of anthracite coal. The great hardness and jet> like structure of the latter 
accounts in a great measure also for the largo volume of gas which il holds enclosed, 
snd it is probable that its formation must hare taken place under such immense pres- 
sure that the gases generated during the tmnsformntion of tlie organic matter into 
anthracite were not able to make their escape. The results obtained must not be 
thought to lead to the conclusion, that because a coal centains a large volume of 
occluded gases, even when sneh gases consist mainly of marsh gas, that the seam or 
vein from which it is derived is a fiery one, and one that requires caution in working. 

These experimental results are of the highest value, showing, as they do, that ac- 
cording to the structure of the coals so is their power of holding gases by a pure 
mechanical force— occlusion — in a state of extreme tension. The fact that anthracite 
holds a much larger quantity of gas than steam coal does appears to be dependent 
npon the closer structure of the anthracite, and this also prevents its escape under 
cirmimstanees which allow the gas in the steam coal being freely evolved. If Mr. 
Thoxxs is right in bis conjecture that the gases contained in anthraeite were gene- 
rated daring the transformation of oiganic matter into anthracite, we most rqjeot the 
view that anthracite has been formed by the action of heat, drivinft off from bituifiin- 
ons cool some portion of the hydrocarbon elements which give to it its peculiar oha- 
racter. 

That hypothesis is, however, suppwted by so large an amount of evidence, that it is 
desirable tnat we should consider whether we anthracite— after the period ixt its oon- 
vereion from bituminous coal— may not ^ virtue of its o^nge hm absorbed the 

S ees slowly evolved from the more volatile varieties of coal, and retained them, as 
r. Tbovxs has proved they do, until liberated by the combined agen^ of heat, and 
relief from atmospheric pressure. 

The couditions which render some seams of eoal fiery, while others are not so, aif 
very satiefretorily explained hy these very interesting experiments. 
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Oases swloesd Cannel Cods and method nB«d was similai* to that 

proviously adopted for anthracite and bituimiiiouB coals. 


Goa evolved from 100 gnmi 
of ooal at 100°. 


1 Wigan Cannol from Wigan Arloy Mine . 

2. Wignn Cannol 

3. Scotch Cannol, Haywood Colliery, Wilsontown 

4. Lesmahago Cannol ..... 
6. Cannol Shale, Lose ware. Edinburgh 

6. Whitby Jot 


421*3 cubic oentim^tros. 


350 6 
16*8 
55*7 


3U2 


Analyses of the Gas evolved. 




Composition In 100 parts 



I. 

II. 

lU. 

IV. 

V. 

VI. 

(*urboiiic anhydride 

6 44 

905 

53-94 

81-56 

68*75 

10*08 

Marsh gas .... 

80 69 

7719 

— 

— 

— 

— 

Hydride of ethvl . 

4*70 

7*80 

— 

— 

— 

— 

Nitrogen .... 

'rracos of h^dfocarboii . 

8 12 

5 9G 

46 06 

14*54 

28*58 

2*17 

— 

— 

— 

— 

— 

— 

GaHLSand \apourof (lin C"11‘" 

+ 2 Horios agreeing With C*Tl" 





_ 

0*91 

2*67 



Quart atiu or ethyl . . 


— 


— 

— 

86*90 


The whole of thf> cannol coals and jet contain the gases of the paraffin series and 
oily matters which appear to belong to the same. Wigan cannels, with regard to the 
gases which they hold enclosed, occupy a position intermediate with steam and Scotch 
cannel ; and Scotch cannol occupies a position intormediate with bituminous house 
coals and Wigan cauuol. Thus in the Wigan cannels there is a large volume of gas, 
consisting for the most part of marsh gas, with a low percentage of carbonic acid and 
nitrogen, and in those respects rlusely allied to the steam coals. The Scotch cannels, 
on the other hand, contain but little gas, which consists almost entirely of carbonic 
anhydride and nitrogen, similar to the bituminous class of house coal, l^tch cannel 
contains a small quantity of the higher carbon gases. Owing to the high percentage 
of carbonic anhydride present it became possible to employ a large and concentrated 
volume for the determination of the combustible gases. — * On this Gases enelosed in 
Cannel Coals and Jet,' by J. W. Tuohas : Journal of the Chemied Sooiety, August 
1876. 

OOAXif Gases escaping from. — In immediate connection with the preceding subject it 
is necessarv 1o consider the characters of the gases escaping from the coal in the mine. 
Bischopf has stated that those gases were the light carburetted, hydrogen, car- 
bonic acid and olefiant gas — and that they were the products of distillation and not 
those of decay. The experiments made by Mr. Thomas prove them to be neither the 
one nor the other. Thev are dearly proved to bo the gases occluded by the coal, 
liberated by the removal of the pressure which acts in addition to the force — oocln- 
sion — ^wbich belongs to the structure of porous bodies. The results obtained by 
nearly all chemists who have studied this subject confirm this. Professor GbaBam, in 
the Memoirs of the Chemical Society, vol. ii. p. 7, gives the results of his examination. 
The generd result of his analyses show, a mixture of light carburetted hydre^n, with 
a smdl mixture of nitrogen and oxygen as common air. Dr. Ltoh Flatfaib, in 
1846, published in the Memoirs of the Gedogiod Survey of Great Britain a paper 
‘ On the Gases ewdved during the Formation of Cod' It would have been saier to 
have ^led this paper * on the gases evolved from ooal in the coal mines,* seeing that 
there is no evidence that those gases had anything to do with the coal at the time of 
its formation. The results, however, os so satisfactory that it is thought right to give 
some of his analyses, before we give those more recently obtained by Mr. Thomas. 


Koaie of Colliery 

ManJi Gas 

Carbonlo 

Add 



Oxygw 

Hbbbvbh. 

From aseam of cftal 24 feet below 
the Bonsbam seam . , 

91*8 

07 

0*7 

1 

0*9 
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r'"“ " ■ 

Name ot CoUlexy 

mm 

Oarbonlo 

Add 

Nitrogen 

Hydrogen 

Oxygen 

Wallsbns. 

From a fiery coal at a depth of 
160 fathoms .... 

92*8 

0-3 

6-9 



Jaurow. 

Bensham seam .... 

831 

21 

14-2 


06 

Hebhurn Pit. 

Bensham seam from a blower at 
the depth of 161 fathoms . 

86-6 

1*6 

11-9 



Wallseni). 

Bensham seam .... 

77*6 

1*3 

21*1 




Oakwull Gate. 

From the fire qnartor seam 58 
fathoms from surface . 

08 2 

0-5 

1-3 



Jarbow. 

Five quarter seam 

93*4 

1-7 

4*9 




Jabrow. 

Low main seam .... 

70*7 

20 

12*3 

3-0 

3*0 


Punuinc the enquiry, winch we have already described, on the gases occluded by 
coal, Mr. Thomas was induced to examine the gases which escaped from the spals in 
the seams, either by blowers which developed themselves during the working of the 
coal, or such as were obtained by boring into the coal. In the following list this is 
distinguished 


Gatc$ obtained from Boringe or Blowers. 


Name of Colliery 

KarBh Oas 

C&rbonio 

Acid 

Nitrogen 

Oxygen 

Nitrogen 

Air 

Dunravhh, Tbkhbbbbrh. {Blower.) 
Top rock 6 feet seam, 225 yards 
from surface .... 

97 66 

•60 

1*86 

■ 

■ 

Dunraten. {Boring.) 

By boring into the coal 6 feet seam 
226 yards from surface . 

07*31 

•38 

31 

H 


Dunraven. {Boring.) 

By boring into the coal 4 feet seam 
125 yards from the surface . 

96-64 

‘44 

8*02 

H 

■ 

DuHRATEif. {Blower.) 
Obtained from the top rock 4 foot 
seam 126 yards from surface . 

96*74 

0*47 

2 70 

H 

■ 

FocHBiBW, Mbrthyb Bistbici*. 
{Boring.) 

Bj boring into the coal 6 feet 
seam 306 yards fbom surface , 

74*86 

16 

2*66 

4 60 

17*76 1 

PlTMOUTR, Hbbthtb. {Boring.) 
By boring into the ooals 4 feet 
seam 800 yards from surface . 

96*42 

•60 

3 98 

■ 

■ 

Pltmqutn. {Blower.) 

Gas from top rock of the 4 feet 
'sram, south pit* 800 yards 
from surfsee (^ter oosed 
out with the gas; . 

04*84 

•10 

506 

1 

1 

FoBCBAMMcm, AsaBDAn. {Blower,) 
Top mck of the 0 feet seam 930 
yards from surface 

96*05 

4*26 

•60 

■ 

■ 
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V erne of Oollieiy 

gM 

Oarbonlo 

Add 

Nitrogen 

Air 

Fsbndalb, Bhokda District. 
{Blower.) 

From a rent on top rock of the 
* 4 feet seom .... 

47-87 

*90 

3*18 

48'60 

Butb, Mbbthtb, Bhobda. (Blower.) 

From a heading connecting the 
upcast and downcast shafts 20 
yards above 2 feet 9 inch 
seam, and 80 yards the 

surface 

95-47 

‘62 

3*91 


Mabstao, Merthts. (Blower.) 
From floor of a hard heading, 
between 6 foot and 9 feet, 
seams, 140 yards from surface 

95*61 

1*96 

2*53 


LLWVNYriA, Bhowda. (Blower.) 
Obtainod from the lamp room . 

94*78 

•72 

3*60 

Hydride of 

0*90 

Cwm-Pabx, Bboox. (Blower.) 
Gas collected from the side where 
it bscapod in large quantities . 

95*50 

0*35 

3* 8 

Oxygen 

0*11 


COAXi OXXi of Japan. — Goal oil is found in considerate quantities in Japan, espe- 
cially in the neighbourhood of Niigata. Near Xurakawa 80 pits have boon sunk, one of 
which is said to yield from 4 to 6 ‘ to ^ of oil a day (a Japanose ‘ to ' is equal to about 
16 quarts)! During the last six months of 1874 the proviuce of Echigo alone 'pro- 
duced nolens tliaii 285,083 Japanese ‘shoe' (107,243 gallons) of oil, worth 11,439 ‘yen' 
(2,385/, 9fl. 3c/.). 'J'he production of Shinano, Ugo, and Tntomi in coal oil is small^ 
but the actual qunntity is not known. 

The quality of tlie Japanese oil is rery good; and it is considered that the suppljr 
might be much increased if worked judiciously. At present the quantity produced jb 
insuffioient for cnmpotibion with the American oil even in Yedo or Yokohama ; it is 
entirely consumed in the localities where it is produced. The oil is usually refined by 
a single distillation ; and up to the beginning of the year 1875 no sulphuric acid wm 
used, but from that date we hear it baa been employed. 

OOAX18 XAZSBB by Hydraiilw Presswre.— Obobgii Fowlkb has intro- 
duced soma new arrangements of great value for loading and unloading pit cages. In 
addition to incidental advnntagoH, Mr. D. P. Mokison, in a paper read before the 
North of England 1 astitute of Mining and Mechanical Engineers, claims for this in- 
vention — 

1. Increasing the efficiency of (by utilising to the utmost) existing winding gear 
without the excessive wear and tear usually accompanying high speeds ; and, 

2. Beiluciiig the first cost of winding i ugines for new works by working them under 
more favourable conditions, requiring less power to perform a given duty. 

These objects are efFected by the use of auxilinry on-setting and pulHng-off gear in 
loading and unloading the pit cages, enabling the time of the winding engine to be 
devoted more to its legitimate duty of raising coals, and less to the unprofitable work 
of striking the cages. 

The hy^aulio winding gear as seen at the top of the pit is shown at fig. 2295. 

The striking of the eages is avoided in the manner shown in fig, 2296, representing 
the cage at bank, settled 05 the keps, and ready to bo relieved of its load. The plat- 
forms, A A X, contain the empty tubs to bo placed on the cage, and the platforms, b b n, 
are pepred to receive the loaded tubs. 

The lowest of the three loaded tube is drawn over the platform b on to the bank 
rails, and the lowest empty tub is pushed on the cage by manual labour in theordioaij 
manner. Simultaneously with this, however, the two upper empty tubs, F f, are thrust 
forward by the hydraulic rhms 0 0, and displacing the two upper loaded tubs take 
their places on the cage. The catches for retaining the empty tubs on the cages are 
then all put into position by the movement of one rod (not shown), and the cage is 
ready to proceed on its downward journey. The time required for these movements 
ts of ooune precisely the same as would bo necessary fur a single-decked cage loaded 
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with oAe tub. The actual pulling-off and on-Bottinn on the part of the bankemen now 
bagine, ^t fbr these duties there is ample time while the cage is running, the prin- 
eipal olgeot having been attained, namely, getting the machinery again at ita proper 
work of winding. 

The two platforms a and a are then allowed by the hoists d and n to sink into the 
BUQcessive positions necessary for changing, a is ready to be ohaiged with empties, 
its decks being suooessiy^ brought by the hoist to the bank level of rails, aM a, 
having been allowed by similar means to bring its middle deck to the bank level, oao 
bo further lowered for the removal of the uppermost loaded tab. 


2296 



Platform b, after being relieved of the weight of tubs and coal, is orerbalancod by 
the counterweights w w (shown on plan), and, steadied by the hoist n, rises to its 
former position. 

The whole arrangement is repeated at the bottom of the shalt, the time available for 
changing being of necessity proater there than at bank, since the cage descends at 
once on the keps, without waiting for the reversing of the engine. 

The nme o c for setting on the empties and pushing off the lomled tubs, as well as 
the hoists d and ■ for altering the level of platforms, are actuated hydraulic 
pressure maintained by a small donkey engine, which pomps into an aecumulator 
ansnged in the usual and now well-known manner. The ram of the aecumulator is 
about 0 in. diameter, with a stroke of 6 ft, which is fcund quite large enoogh ibr any 
demands made upon it The speed of the donkey engine is regular by the positaon 
of the ram, which (^ns and closes a throttle valve, without needing attention, so that 
the quantity of water ^um^ is exactly as much as is required. The same water is 
used over and over again, the exhaust irom all the nuns being discharged into a small 
reservoir; the wsste is therefore extremely small, being only that arising lirom 
leakage, and it is froposed to prevent freesing in the pipes in winter by mixing 
methylated spirit with the water. About 600 lb. pressure on the SQuare laoh bet 
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been found moit oonveniont 
for working the rami and the 
hoista, but the ezperienee uf 
each epecial case would do* 
tenoino the preMore most 
suitable, which can bo readily 
adjusted by the weights on the 
accuinulator 

A valve, consisting of an 
oidinury three-way tap, is used 
for admitting the water proe- 
bure simultaneously to the 
rams cc, and is opened and 
dosed by the on setter 

After the rams have pushed 
forward the tubs, they are 
almost instantly brought back 
b) their former position by the 
water pressure acting on the 
annular space m front of the 
small pistons with which tliey 
are provided The valves fur 
raising and lowering the plat- 
forms are at present worked 
by a man ron^ eniently placed 
for the purpose, but they may 
be arranged A) as to be under 
the control of the men em 
ployed in changing the tubs 

At the bottom of the shaft 
the accumulator and donkey 
engine are dispensed with, and 
the hydraulic pressure is ob 
tamed directly from the head 
of water contained m a pipe 
tapped into the tubbing The 
suitable height at which the 
pipe should be attached to the 
tubbing IB easily found when 
the pressure most convenient 
lias been ascertained by tral 



2297 



^th the imumulatoF. If, however, the desired position is not available, either by 
reason of the absence of tubbing, or m consequence of the head of water already in 
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the tubbing being exeeeeiTe, nny greaier height may be adopted, and the saperfluone 
preBBure negatived by turning up the exhaust pipe ao ae to discharge at a higher 
lerel than would otherwise be necessary. The water, after being used, is condiMted 
to the pump, from which it is drawn with the ordina^ pump water. In the ease 
of a downcast pit, it will be necessary to prevent fireeaing in nie pipes and tubbing 
by the use of a steam jet or other means. 2297 shows the arrangements at the 
Imttom of the pit. 

The saving of time is more considerable than would at first sight appear. In the case 
of a three-decked cage, changing the tubs in the ordinary way occupies of course exactly 
three times as many seconds as would be required for a single deu . But, in addition 
to the time actually devoted to changing, there are the intervahi necessary to raise 
the cage to a different level and settle it on the keps, during which the changing 
cannot proceed, and the banksmen can only look on while the cage is being brought 
into position. And those intervals are of necessity of considorable length, espocially 
in the ctise of heavy winding gear, since the inertia of a large mass weighing many 
tons has to be overcome every time the winding engine is reversed. It is by trans- 
ferring the idle intervals of time from the cage to the platforms that the principal 
saving is effected, for usually os much time is ronsum^ in getting the two lower 
docks into place as would suffice to change the three tubs one after the other. 

This will be made dourer by the following table, showing the manner in which the 
time is distributed to the various movements required to strike a three-decked cage 
and change the tubs. 

It is the average result of many experiments made when no hindrance took place 
from accidental circumstances: — 


Table No. 1 

1 . — Settling on the keps . 

2. — Changing No. 1 deck . 

8. — Lifting cage 6 ft. G in. 

4 . — Settling on the keps . 

5. — Changing No. 2 dock . 

G. — Lifting cage 6 ft. 6 in. 

7. — Settling on the keps , 

8. — Changing No. 8 dock . 

9. — Lifting cage to clear keps . 


Threo-deoked cage. 
1 second. 

3} „ 

1 

3} „ 

1 

H M 
l} M 


Tabue No. 2. 

1. — Settling on the keps . 

2. — Changing No. 1 deck . 

3. — Lifting cage 6 ft. G in, 

4. — Settling on the keps . 

6. — Changing No. 2 deck . 

6. — Lifting cage to clear keps . 


Two-decked oage. 

I second. 

II 
1 




18 


With the aid of the hydraulic apparatus, most of the above items may bo struck 
out altogether, and the table then stands as follows : — 

Table No. 8. 

1. — Settling on the keps 1 second. 

2. - Changing all the aecks . . . • 6) i, 

3. -^Lifting cage to clear keps . . . • If ,» 

8 „ 

This (8 seconds) is the time actually occupied in changing a throe-decked cage aft 
Hiickn^ Colliery, with the apparatus doscriberl under favourable circumstances, 
which, for purposes of comparison, have been assumed for all three tables, ^e 
average time is 10 seconds, jind the minimum 7 seconds. 

Taking the case of a pit 800 yards deep, the time of actual running in the shaft 
occupies (from trial) 86 seconds. The total time for ea^ journey, including the 
dunging of tabs, would ba—for a three decked cage worked in the Quinary manner. 
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3d -I- 28 » 68 seconds, or 67 journeys per hoar. With the hydraalic apparatus the 
time would be 85 + 8 •■48 seconds, or 84 journeys per hour. The efficiency of the 
wiiidinjT engines would thus be increased nearly 48 per cent. 

App^ng the same reasoning to a two-deck^ cage, we have in the one case 35 + 18 
at 56 seconds, or 68 journeys per hour ; and in the other case 35 + 8 48 seconds, or 
84 Joujqneys ^er hour. The increased efficiency is then nearly 24 per cent 

The increMe in the quantity of coal raised with the aid of the gear now described 
and at work, amounts to about 300 tons per day, making a total of 850 tons per day. 

It will readily be seen that if the winding capabilities of an existing engine can be 
increased 40 per cent., the power and cost of a new one to perform a given amount of 
work may be reduced in the same proportion. 

Some of the incidental advantages obtained ftrom the gear will be apparent from the 
following considerations : — 

To bring a three-decked cage into the different required positions, the winding en- 
gine has to bo reversed six times, without counting the extro complication of striking 
the cage at bottom, and the final reversing for tho regular journey, which is necessarv 
in all cases. For a single-decked cage, or any to which the hydraulic gear is applied, 
two revorsinga only are requisite. Thus four reversiugs at least are saved, each of 
\»liieh would on the average consume a cylinder full of steam (more or less, according 
to the accidental position of pistons), besides tho clearance spjces and steam ports, 
which for two cylinders is about two-flAhs more. 

This space of a cylinder and two-fifths has to be filled with steam of full pressure 
betore any movement of the cagi takes place, as the inertia of tho machinery and ropes 
has to ho ororcome. Tho saving being effected at least four times each journey is an 
appncial ie quantity, and goes fur to compensate for the extra demand made upon the 
boilers lo supply steam for the moro numerous journeys per day which are rendered 
possible. Tho advantage of reversing the engine and lifting the cage as seldom as 
pobsihle, applies to the ropes with still more cogency, since tho repeated snatching 
strains are avoided, which do more to shorten tho working life of a rope than tho 
ngnlar running which is its proper duty. It is clear that all the lifting performed 
by the hydraulic hoists represents so much work, of whioh the ropes as well as 'the 
engines are relieved, and tho cconomv thus resulting is expected to be an important 
one, the extent of which can only be shown by further experience. It may, however, 
be suggested that an arrangement which admits of smaller engines and lighter ropes 
to perform a giien duty, must also be directly conducive to economy in the consump- 
tion of steam, as tho work required to accelerate tho inert mass contained in the 
machinery generally is materially reduced. It should be rememl>ered that, in rapid 
winding, this work of bringing up the speed of the engines is for the most part lost, it 
being absorbed afterwards by the break, and by the resistance caused by closing the 
valves of the engine. 

The water pressure in tho accumulator may be made ayailablo for other purposes 
ns well as those in connection with the present subject, such as working hoists for 
raising coals to the screens, actuating the break of the winding engine when extra 
power is required, 

The economy in nianu.d labour arising from tho use of tho new gear is worthy of 
consideration, even with regard to the cost per day, but when estimated in connection 
with the increased quantity of c>oal reused, it becomes important; as, besides the 
lianksmeu, the engine drivers and firemen are working with better results from their 
day’s exertions. 

Cbals raised from Great Depths hy Atntospkerio Pressure . — Circumstances directed 
the attention of M. Blakchbt, Director tho collieries and railway at Epinac, to the 
^Bsibility of using tho pressuro of the atmosphere to extract coals from pite of great 
depth, in the pit at Hottinguer he substituted, for the second or upcast shaft, a 
wronght-iron tube, and made this tube a cylinder in which a piston with the cages 
su^ended should traverse by the action of the air without using ropes. The pit 
being 18 ft. in diameter, he was enabled to put the tube within it. The air was ex- 
tracts from the tube, bisoause this did not produce heat, and he succeeded by exceed- 
ingly simple means, in onusing the ascent and descent of nine tubs placed one above 
anotoer in the ca^, aud patting them out at bank with fiicility. 

For the following description of the apparatus manufactured at Oreusot for the 
Hottinguer pit we are indebted to Mr. Thkodouu Wood BuirKmo, Secretary of the 
Kor^ m England Institute of Mining and Mechanical Engineers * — 

Fig. 8298 shows the cage at the bottom of the shaft, while Jig. 2209 shows the cage 
at bank. 

' A ^lindriool tube 68 in. diameter and about ^ths of an inch thick, made of plate 
iton, rivetted tether with butt joints and countersunk rivets, runs from top to bottom 
of the pit. It is made in about 20-ft. lengths, and joined together by means of flaogea 
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and bolUi. Ench length is hammored to a perfectly cylindrical form upon mandrils 
passed through for that purpose. 

'It vas thought for some time that 
tliese tubes would have to be bored out, but 
the experiments at Epinac have shown that, 
made as described above, the ordinary lubri* 
cation of the tube is sufficient to render it 
tight at the pressure and temperature re- 
quired. 

‘ This tube is placed in a s^ial compart- 
ment of the pit, i^m the sides of which it 
is isolated. It is supported every 10 ft. by 
buntings similar to those used for support- 
ing the pumps. These buntings are so 
arranged that at any time a single ta'*o can 
be withdrawn without disturbing the others. 

' To render the whole independent of any 
movement tliat might take place in the pit, 
the bantings are not firmly built in the 
sides, but are free to slide upon two smaller 
buntings in the lining. The niston is made in 
two parts, one at the top and the other at the 
bottom of the cage. The top piston is made 
of two platforms at such a distance apart, 
that, in passing by the doors to admit the 
tubs, one shall always bo in an uncut por- 
tion of the tube, in order that the prei^ure 
shall remain constant when the piston is 
passing these doors. The lower port of tlie 
piston below the cage is made of one plat- 
form, and, if necessary, isolates the space 
occupied by the cage from the atmosphere 
below. A valve is placed in this platform 
which can be opened when men are riding 
to afford them the necessary air for breath 
ing. It also carries a centrifugal parachute 
A, to prevent the too rapid descent of Uie 
cage in case of accident 
'The t^ plate of the piston curries u 
spring buffer b, which diminishes the shock 
when the valve c above is struck hj the 
ascending piston. The piston is of simple construction. It can be made of wood pro- 
tected with iron, packed with india-rubber at the edges, and covered with leather 
secured by bands of brass, or soft metal composed of a mixture of lead, sine, tin, and 
antimony. 

* The cage d is made in the usual way, and is constructed to hold nine tubs, one above 
the other, each containing about 20 cubic feet, the whole carrying about 4^ tons of coal 

'The total weight of piston, esge, tubs, and coal is 20,460 lb., or a^t 12 tom^ 
spread over the surface of the piston which has about 3,117 in. area. This gives a 
pressure, per square inch, of 4 lb. 

* When the pumping engine nas reduced the air above the piston to 16— 8*4 « 6*6 lb. 
per square inch, the puton will commence its ascent with a speed dependent upon the 
speed of the ej^usting cylinders. These exhausting cylinders are 108 in. diameter, 
or 68*6 square feet srea, and nearly 10 ft. stroke, the two together exhausting 2,644 
cubic feet per stroke, or 480 cubic feet per second, the engine making about 10 strokes 
per minute. The lo^ will rise in the tube, which has a section of 21*6 square feet, 
with a speed of ■■20 ft. per second. 

' With machin^ of this power it would take about 62 strokes to reduce the pressure 
above the piston to 6*6 lb. per square inch, and cause the cage to ascend, whiw, with 
a speed of about 200 ft. a minute, would occupy about 2^ minutes. The extracting 
engine would continne to work during and after the ascent, and considerable advantom 
would arise from baviim a reservoir cmivenient sise from which the appeiatus oould 
extract the air during uie descent of the piston. 

' When the piston has to descend, the exhaustion from the tube is stopped, and its 
connection with the extracting engine is severed by means of doors or valvss a, and 
the air is allowed to press upon the top of the cylinder by means of a reg^ator f, so 
that its pressure can be augmented till it reaches the point where it will cease to 
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BUstain the ireight of the cage without the eoal, or till it roaches 26,460 lb., the 
weight of the cage and coal, rUB 10,080 lb. the weight of coal, 


1687 0 

8117 area of piston 


»5 21b. 


* Valyts and doors o are so arranged in the tube that the air is taken up firam the 
return air course on the ascent of the piston and delivered outside the mine on its 
descent through h. Each descent, therefore, diecharges a volume of ibul air equal to 
70,682 cubic feet in a tube 3,270 ft. long, which, of course, is replaced by fresh air 
descending into the mine. 

* In order to get the tubs in and out, three double doors 1 1 1 are cut in the tube, both 
at top and bottom, and these correspond to three levels of the heapstead. The full 
tubs go out of the doors at one side, and the empty ones go in at the doors on the 
other. 

* The whole of the nine tubs are changed by three movements of the cage. At the 
top, the first movement changes the firsts fourth, and seventh tubs, the second move- 
incut changes the second, fifth, and eighUi tubs, and the third movement changes the 
third, sixth, and ninth tubs. Whon the cage is at the bottom, the first movement 
changes the third, sixth, and ninth tubs, the second movement changes the second, 
filth, and eighth tubs, and the third movement changes the first, fourth, and seventh 
tubs. 

* In order to keep the cage steady and opposite to the doors for inserting and with- 
drawing tho tubs, throe doublo seta of stops are introduced, so that they can be thrust 
into the tube and withdrawn hv means of one lever. These stops are numbered 1, 2 
and 8, from top to Ixittom. When the cage is confined between the stops x 3 of the 
two sets, tlie tubs 1, 4 and 7 can be handled. When the cage is confined between 
the stops K 2 of each set, the tubs 2, 6 and 8 can be handled ; and when the onge is 
confined by the stfips K 1 of each set, the remaining tubs, 8, 6 and 9 can be handled. 
The top stops prevent the cage ascending, and the bottom stops prevent it ^m do- 
Bcending. The cage with its piston is then confined between the two sets of stops 
during tho whole time the tubs are being changed, and is moved up and down with 
the greatest facility by meuis of equilibrium pipes and cocks as will be described. 

* At the bottom of tho pit tho equilibrium pipe l goes from the bottom of the tulie 
to a point sufficiently high to be a^ve the piston during the whole time the tubs are 
being changed. When the cock ic in this pipe is shut, the pressure of air in the bottom 
keeps the piston up against tho top stops, and when the cock is open, and tho main 
inlet and outlet valves x h shut, the air below is rarefied to the required point lo allow 
the cage to fall on to the bottom stopa Between the top and bottom set of stops there 
is a play of about 1 in. 

‘ At the top of the pit the tube has two pipes p and o, each provided with stop oocka 
F and Q. Tho first communicates with the atmosphere, and allows air to enter above 
tho piston and causes it to descend. Tho second is in communication with the ex- 
hausting engine, ami is arranged to increase at will the amount of vacuum, above the 

S iston, to enable it to rise with the cages as each successive group of tubs is with 
rawn. 

‘ By means of special arrangements, either electrical or otherwise, the position of 
the cage in the tube, during its ascent and descent, is clearly indicated &>th to the 
men at bank and below^ 

‘When the cage ascends, tho doors 1 1 1 for changing the tubs are shut, together 
with the door on tho pipe h, which communicates between the bottom of the tube and 
the top of the mine, and when the cage arrives at the top it is made to stop— first, by 
automatically shutting at u the oommunication with the exhausting engine at b ; 
secondly, by lifting tlie valve n, and admitting the pressure of a certain qnantity oi 
aw on the piston ; and, thirdl^r, if the ascent still continues, by lifting the valve s nt 
the top of the tube and allowing tho free entry of the atmospheric pressure. 

‘ When the cage descends it forces the air from tho bottom of tho tube through tho 
escape valve h to the surface. When it comes near to where it has to stop it auten 
matically closes the escape valve at t, and compresses the air in the bottom of tho 
tube. The air can then he admitted from the under side of the pieton into the partial 
^uum above the piston by means of the equilibrium pipe l and cock ic, so as to 

pressure above and below the piston in 

indicated by preseuie gauges. 

* the movements of the cage are effteted with tho greatest ease. An aocident 
oould not possibly arise unless aU the doors of the apparatus wore open, wUch it is 
could occur. In order, however, to effectually guard against any 
possibility of danger, a oentrifhgal parachute a ie attached to the bottom of the cagSb 
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Tbi§ pfln(*huto is composed of oiroular hoops of steel nearly the diameter of the tube, 
fumisned vith wooden brakes where they approach the side of the tube, and are driven 
round by firiction wheels fixed to the piston and running agaiiLSt the tube. The bands 
are free to move up or down upon their axes, and if their speed exceeds a certain limit 
the hoops will become oval and the wooden br^es will press against the sides of tlie 
tube, and by their friction prevent the too rapid descent of the cage/ 

A comparison of the relative coat and advantages of the atmospheric system has 
been made by Mr. BrirNiNa. Ho says : — 

* With a single pit of groat depth, under all systems, there is an absolute necessity 
of having some duplicate means of getting at all parts of the shaft in case of accident 
occurriug to tho usual means of drawing. To effect this, there must either be a 
second auxiliary winding engine, which should have the same relation to the large 
winding engine ns the old whims bore to the horse-gin, or the horse-gins to the crab 
engines. This auxiliary engine should in no case be dispensed with, as an accident 
might happen at any moment which might render it indispensable. 

* Besides this ruxiliary winding engine, which, in the present case, it has been decided 
to make of from 90 to 100-hurse power, the atmospheric system requires an exhaust- 
ing engine of about OOO-horse power, with two cylinders 89^ inches diameter and 
alraiit 6 feet 9 inches stroke, working two extracting cylinders of 108 inches diameter 
and 10 feet stroke. With regard to the pits at Hottinguor, the relative expense of 
three different modes of extracting coal may bo considered : 

‘ 1st. With a duplicate pit and winding engine. 

* 2nd. With winding engine and a metal tube, instead of a second shaft. 

‘ Srd. With tube and exhausting machinery. 

* The expense of each system may be taken as follows : — 


Ryatcni 



1 

2 

8 

Staying 

£1,000 

£1,000 

£1,000 

•Second pit 


— 

— 

Auxiliary engine .... 

2.000 

2,000 


Guides, &c 

2,000 



Winding engine 



- . 

Fan 


2,000 


Tube 

- 

6,000 

8,000 

lioprs 


4,000 

— 

Exhausting engines .... 

— 

— 

9,000 

Foundation 



““ 


£37,200 

£23,200 

£24,000 


* The figures show that tho first system, with ropes and a now pit, is by far the most 
expensive ; and the second system, which replaces the second pit by a simple tube, 
still using ropes, is not very much less costly than the third, which provides for a 
complete atmospheric apparatus and exhaustiiig machinery. In fact, it requires an 
addition of only 8U0^. 

‘ The system then appears to possess the following advantages, as far as regards the 
Hottinguor pit: — 

* 1st. It enables the pit to be worked five years sooner. 

* 2nd. It increases the ventilation and decreases the temperature of the mine. 

* Srd. It admits uf sinking to any depth. 

* 4th. It saves 2,000/. a year in rop<>B. 

* 6th. It enables more coal to be raised than with ropes. 

* 6th. It allows the whole inside of the pit, not actually occupied with the tulie, to 
be free for repairs and for alterations, msking new landing stages, &e. 

* 7th. It utilises more advantageously the power required to raise the coal.’ 

CPOAli TBflTnfO ,/br Water. — This subject was brought before the Amerusan 

Institute of Mining Engineers, on June 26, 1876, by Mr. J. l^Binrrs Bbittoit : — 

Six dififerent samples, eMh from a compact lump, were powdered and put iu bottles. 
Portions of these were weighed and placM upon an ordinary water bath and dried for 
one hour ; the average loss was 1*24. The same portions were then placed in a hot-air 
oven, and for two hours kept at a temperature of 285*^ Fahr., and, afUr cooling in a dry 
chamler, were again weighed ; a further average loss of 1*22 occurred, m^ng a total 
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of 2'46. The fiamploB were immediatelv returned to the oven, and for two hours more 
were kept at a temperature of 630^ Fahr., and eooled and weighed again, when no 
further loss was found, but an ayeraga ^in of *66 upon the previous weighing. Tiie 
same portions were a third time plackl m the oven, and for about ten minutes ko]^ at 
the last-mentioned temperature, and then, while etill hot, were poured into ^-inch 
glass tubes, each with a bulb, and tested Over a Bunshk burner at a temperature 
below a red h6at, when more water vaporised and condensed in small clear globules 
at the cold parts of the tubes. 

Fresh portions of the coal were then taken, and the total amount of water deter- 
mined, and the average was found to bo 3*04 or 1*80 more than was found at the 
temperature of the water bath, which was perhaps a little below 212° Fahr. and *68 
mure than 286° Fnhr. 

Fxperimeuts were afterwards made by placing fresh portions of the coals within a 
bell glass over strong sulphuric acid fur more than twenty-six honrs, when the total 
averiige loss was found to be 1*91 or 1*13 below the amount of water actually present 
iiithucual. Upon hUo wing some of these to remain in the open air for two hours, 
they were found to have nearly regained their original weights. Additional fresh 
portions were then weighed, and left exposed to the open air of tho laboratory ; the 
next day they were weighed again and found to have gained an average of 1*03. 
This gain pro> ed to be due almost entirely to moisture absorbed. These experiments 
appear to pro^ o that a procees, analogous to that observed in the occlusion of ga'^es, 
went on when the coal was exposed to moist air. 

A sample nf bituminous coal from Clearfield County, Pennsylvania, was treatiod in 
the same manner. Dried on the water batli for one hour it lost 1*60 ; dried in tho 
hot-air oven for one hour at 260“ Fahr. the loss was less, being 1*66, and for another 
hour at 280° Fahr. the loss remained nearly the same, 1*66. Being a third time 
returned to tho oven ,iud kept lor about two hours at 680° Fahr., the loss was increased 
to 2*14. Tho coal wasthon tested m a bulb tube ovor a IIunskn burner at below a r(d 
boat, and the presince of water was distinctly dt tooted. Tho actual amount of water 
in the sample was subsequently found to bo 2 IG or ‘77 more than the loss, at the tem- 
perature of the water bath, and *32 more than at tho temperature of 680° Fahr. 

Many othei exporimeuls wore made with gas coal from West Virginia, and with the 
true brown cools, or lignites, of Koutbern Arkansas, all of which tended to prove, 1st, 
that water exists in the several classes of coal in two conditions — i.e., combined and 
ancombinod, but in these conditions not constant in relative proportions. 2nd. That 
some coals will and some will not, irrespective of the class to which they belong, when 
finely pulverised and left open to the air, gain in weight by taking oxygon, while at 
the same time they lose in weight by losing water and hydrocarbons, at temperatures 
varying between that water, and one that is sufficient for destructive distillation, 
8rd. That all coals, when deprived by heat of any portion of their normal water, will, 
upon exposure to tho open air at common temperatures, immediately begin to regain 
their loss. It therefore follows that correct weighing cannot be done with the mate- 
rial uninclosed. 4th. That the method of determining tho water W merely findin g 
the loss which tho cml sustains by drying for one hour at 212° Fahr., or for any 
length of time, or at any temperature, whether over sulphuric acid or nut, gives falla- 
cious results. 

OOAT.S, VOX.ATZXiB MATTU ZW, and Coke and AsA.— The following 

table was published in Sa ward’s Goal Trade Jowmed for November 29, 1876. Tha 
anthority upon wliich it is founded is not given, which is to l>e regretted, as its value 
depends entirely upon the correctness with which the results have been obtained:— 


No, 

Name of Coal 

Volatile 

Halter 

Coke 

Ash 

1 

Boghead. {Scotland) .... 

68*4 

31 6 

228 

2 

Now Brunswick Canncl 

66 8 

33-7 

0*6 

8 

Eiikkcss. {Lanoaehirc) 

600 

400 

13*5 

4 

Oapeldrae 

64 6 

46 6 

10-6 

6 

Old Wemyss 

62 6 

47-6 

16*1 

6 

Staffordshire Cannel .... 

500 

600 

20 

7 

Leemahago. {Scotland) 

49*0 

64*4 

9'1 

8 

Knightswaod 

48 6 

61-6 

2*4 

9 

Arniston | 

46'6 

64 6 

4*2 

10 

Heather. {Staffordehire) .’ ! 

42-9 

671 

1*8 

11 

Knabon Main. {North Wake) . 

41‘6 

68*6 

10 

12 

Staveley. {Derhyehire) 

40*9 

60*1 

2-7 

18 

Radstock. {Somrraeiehire) . 

38 8 

61*7 

86 



COAL WASHING 


Ifo. 

Name of Goal 

Volatile 

Hotter 

Ooke 

Aeli , 

14 

Bunkinsop 

880 

62*0 

5*1 

15 

Wigan. (Lancashire) .... 


68-0 

8*0 

16 

Mortombly. (Stmth Yorkshire) . 

870 

630 

1*6 

17 

Elsecar. 



1*1 

18 

Riimsay. (Newcatlle .... 

86'8 

63*2 


19 

Hartley, Hasting’s. (Ihirham) . 

•South Tyne. (Ho.) . 

86*5 



20 

SG-8 

63 7 

8*9 

21 

Hartley- West. (Do.^ . 

35*S 

64*2 

4*7 

22 

Griglostun Cliff 

86G 

64-4 

1*6 

23 

Goaforth. {Earth Riding, Yorkshire) . 

85-0 



24 

Soap-House Pit 

Niiilsoa. (^mersetshiri) . 

Wallsond, LiversonV. Durham) 

36*0 



25 

26 

34-9 

34-9 

65*1 

66*1 

3*0 

4*9 

27 

Arley Main. (Lancashin) 

33*7 

66*3 

13*1 

28 

Lochgolly Cannel. (Srofluut?) 

33*5 

G6*5 


29 

Woodthorpe. (South Yor/, shirr) . 

33*1 

66*9 

10*5 1 

30 

Pelton Main Cannel. (Durham) 

31-5 

68*6 

9*4 

31 

Washington (Ho.) 

31*3 

68*7 

2*2 1 

32 

Pelaw Main .... 

30*3 

69*7 

2*6 1 

33 

Pelton New. (Durham) 

30*2 

69*8 

1*8 

34 

Coal Pit Heat. (GHoucestcrshirc) 

30*1 

69*9 

6*8 

35 

Garosfield 

29*4 

70*6 

1*0 

, 3G 

Dean’s Primrose 

29*3 

70*7 

2*4 

' 37 

Urpeth. {^Northumberland) . 

Pelton Mam. (Durham) 

28*7 

71-3 

..1*4 

38 

28*1 

71*6 

1*4 

39 

Peareth South 

27*8 

72*2 

1*8 

40 

Cumberland. . . « . ‘ 

26*6 


1-4 

41 

(l^uth Wales) 

23*8 

76*9 

2*1 


COAli WASXXVCI and, Sorting. — Max Evrard, in the SvUetin de h Soct^/e 
^Encouragement, Jtkuxuay 187A,deHcribes a machine for the simultaneous washing and 
sorting of coal, as it is taken from tho mine mixed with other material. ' This is acctmi- 
plishod by tipping the charge from the mine into a largo hopper providt)d with a grating 
which arrests the largest pieces of coal ; the remainder passes into a deep cylinder of 
boiler plate, partly filled with water, through which the coal descends to a perforated 
piston with which the cylinder is fitted. In sinking through the water the coal 
becomes arranged in layers in the order of the sizes of tho pieces, the largest lying at 
the bottom ; stones and small pieces of rock, being of ^ater specific graritv than the 
cool, sink more quickly, pass through the perforated piston, and are collected in a 
receptacle for that purpose. The boiler-plate cylinder dips for about half its length 
into a second cylini^r, also of plate iron, and of about twice its diameter, their con- 
nection being rigid and steam-tight. This latter cylinder contains water to near five- 
sixths of its height, from which the former cylinder, which is open at the end, receives 
its supply. 

* There is fitted into the upper surface of the large cylinder a steam pipe, which 
conveys steam, at a pressure of about 10 lb. per square inch, to tho surface of the 
contained water, for the purpose of depressing the latter and thereby raising it in the 
smaller cylinder. The prorated piston whi^ carries the loud of coal is supported 
by a r^, fitted at its lower end with a small piston working in a hydraulic cylinder 
under pressure : this cylinder occupies the lower central portion of the smaller plate- 
iron < 7 linder, and is fixed to bearers fastened to the larger cylinder. The upper 
portion, a length of about three feet of the cylinder which carries the charge of coal, 
IS mode separate from, and capable of moving over, tho lower portion upon horizontal 
guides fixed to the building in which the machine is contained, and along these guides 
it is pulled backwards and forwards small pistons working in hydraulic cylinders. 
Tho operation of the machine is as follows : ^Steam is first turned into the large 
cylinder, and the water therein depressed and forced upwards in the smaller ^linder 
to near the height of the joint between its lower fixed and its uu^r moveable portion. 
While the water is maintained at this height, the charge of coal is tipped into it from 
a small waggon. It descends on to the perforated piston, which is at its lowest 
position, the stones and larger pieces of coal reaching it first, and the charge thns 
becoming partly sorted. Steam is now turned off, and that left in the blinder is 
condensed, forming a partial vacuum, which causes the water to pass from the smaUsv 
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^lindor tlurougfa the eoel and refill the large (wUnder. Intermittent ueending and 
descending currents are thus directed through the charge of coal bv turning the steam 
on or off as many times as may be neeessa^ to clean and classify iL Affer the steam 
is turned off for the last time, the mass is allowed to stand for a period of from two 
to five minutes. By means of the hydraulic pressure cylinder, the entire mass is then 
raised sufficiently to allow of the upper layer of fine material and dirt to bo direct 
into a trough the horizontal movement of the upper portion of the cylinder. A^r 
the first' ^oration, tlie moveable portion of the cylinder is returned, and the ohargo 
raised sufficiently to admit of the removal of another layer, or of the whole by the 
return motion of the cylinder. The trough through which the coal passes into small 
waggons is fitted with a mrating to allow the water to drain from the coal into a 
receiver, by which it is conducted into a large settling tank, where it is cleared of mud 
ami stones, and afterwards again used in the cleaning cylinder. Suitable tanks are 
provided, W which the proper supply of water is continually passed into the washing 
cylinder. The quantity of steam used per day in cleaning 200 tons of coal, including 
power used in supplying water under pressure for raising the washed coal, is about 
equivalent to 4-hor8c power ; but as the process incurs no waste or loss, and as the coal is 
Bortod, aud a much larger proportion of it made available for the manufacture of coke, 
the inventor considers that the process may lie carried on with a profit of 8l. per day 
from each sot of such apparatus.’ 

1'he charge, which is alwut a yard high, has the form of a pile, in which you may 
clearly see the order in which the grains were deposited. The removal of each one of 
tlicse various qualities is effected by means of a scraper in horizontal slices, the thick- 
ness of which vanes according to the quality of the coal. 

The foil ouiug tables give two examples of gradation in the per>centagcs of ash 
applying to ^uals from the St. Elticnne district: — 
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COAL WASHING 


In tb« artioltt WaaRiiro Coal, toI. iii. }>. 1001, a description of M. BnnARiift 
machine is given, with two woodcuts illustrating it. 

The American coal-washing machine is a modification of BaRAnD’e; there are, 
however, some simplifications in tlie arrangements which deserve attention. The 
apparatus, describoa by Joun Fulton, was erected in 1873 near two lines of coke 
ovens. It wns elaborated at West Point Foundry, on the Juniata river, by their 
engineer, Mr. F. Bumpf, tlie coal, being the Broad Top coal used by the Kbmblh Goal 
AND laoN Company. 

The coal to be cleansed is cast into the hopper a {Jig. 2800) irom the railroad car 
by a side door and over an iron shoot, from whence it is diffused on the separator n, 
which is kept in agitation by the cam a. The lurge lumps, which will not pass through 
the 3-inoh square openings in screen b, roll down to the screen platform c, where they 
are broken by a workman with a maul, and, falling through the grating, pass to the 
rolls D D. The smnlloT 1 umps pass through the 3-inch meshes in agitator screen b, when 
they are further divided by screen b. The portion of the coal which will not pass 
through the ^-inch holes in the latter screen pass directly to the rolls dd, whilst the 
very fine portion is carried under the rolls, down the shoot c, into the roctiivcr k. 
The rolls dd have teeth or spurs set nil over their circumference, onch being about 
^ inch high by ^ inch square. Their arrangement is such lliat the spurs of one roll 
mesh into those of iho other. One of the crushing rolls has its pillow blocks sot in 
sides, witli rubl^er ball spring c, so as to admit of a sronll honsontal movement to 
prevent the breaking ot the teeth of the rolls by the passage of hard hlutcs or rocks. 


2300 



COAL WASHING MACHINE. 


After passing the rolls, the crushed coal falls into the receiver v, whence it is elevated 
by the chain of buckets, o, and delivered into the shoots h, through uliich it is carried 
into the separating pans, j, made of cast iron, with a copper plate on top of the 
crating, forming the bottom of the iron pan, which copper plate is filled with ^-inch 
holea, set close together. The pans are supplied with water conveyed into them 
by troughs, through which also the coal is currii’d. The action of the piston x, 
which moves with ^uick, short strokes (120 per minute), forces the water through 
the coal and elate in rapid pulsations, lifting the pure coal upwards and onwaras 
with the movements of the water, until kith are carried over the side of the pan 
at L, and thence over a grated shoot into the railroad car M, on the track in 
front of the washer. The impurities being heavier than coal, sink to the bottom of 
the pan, and are carried to its front interior angle, whence they are disobaiged by a 
valve, d, into the receiver w, from which they can be removed by a elidii^ bottom, /. 
The movement of the coal in the pans is about 20 inches per minute, giving a con- 
tinuous overflow of washed coal into the railroad cars. This flow can Be regulated by 
raising or lowering the front side of the wash-pan at l. The main portion of water 
is diained from the coal by a zone of flne copper-wire screen on a shoot, immediately 
under the discharge from the wash-pan at l. This water, charged with the veiy 
flne coal and dust, passes through g, and is conveyed by a trough, A, into a large tank 
alongside the washer, where the fine coal is permitted to settle, and is then aborelled 
into the railroad cars along with the coarser coal, and all carriKl and dumped into 
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th« ooking orens without further handling. The washer, with three pans, is oapable 
of deaasing 12^ net tons of coal per hour. To supplj one fhmaoe with coke ^uld 
require this apparatus to be run about 0 hours per day, or 18 hours to supply the two 
stacks when both are in blast. 

The cost of machinery, gearing, motire power and independent steanr pump, was 
^9.000 ; cost of erecting, /8,000 ; making total cost of apparatus, when ready for 
work,' ^10,000. 

The 6ost of labour required at the washer in handling 1 ton of coal is given by 
WiLLUX Lavdub, furnace superintendent, at 1 8 cents, to which must be added the 
interest on the washing plant at 10 per cent, 8^ cents, making total cost of 1 net ton 
of washed coal, 21^ rents. In addition to this, there is some waste of coal which 
should be taken into this calculation — (a) the very fine coal carried away suspended 
in the discharge water ; and (A) the fino coal eecaping with the slates and other im- 
purities. Tho amount of lino coal in the former is 30 pounds per ton, and in the 
latter 20 pounds per ion, making the total waste of fine coal from these sources 60 
pounds per ton, or 2\ per cent. The slates, pyrites, and other impurities separated 
from the coal amount to 180 pounds per ton, or 9 per cent. The total impurities 
separated, and fine coal lost in tho operation of washing amounts to 230 pounds per 
ton, or 1 1 J per cent. 

The cost of this 2.30 pounds of coal and slate is 13^ cents, to which must be added 
the expense of the labour in washing and interest on apparatus, 21^ cents, making the 
uiiole cost of labour anfl loss in washing 1 net ton of coal 36 cents. 

COAli-BirBT COX8> Professor Oupen, in a paper on the * Yorkshire Coal 
Fluid,’ read before tho Iron and Rioel Institute at Leeds (1876), gives the following 
account of some ingenious arrangements made by the Sii kstomb and Dodwobth Coal 
AND InoN Company for making coke from the dust and refuse of their workings : — 

* As the corves are raised from the pit— and they are raised in double lifU at the 
rate of four corves per minute from each shaft— the coal is tipped out on to a screen, 
tho best household coal passing at once into the railway waggons. The largest 
“ nuts,” as they are termed, together with the “pea nuts” and “ smudge,” or dust, 
pass through screen No. 1 on to screen No. 2, tho large nuts being delivered into 
waggons on the other side for use under steam lioilers. The pea nuts and smudge fkll 
through screen No 2 into a hopper, which opens into a covered trough, in which is 
an Archimedean screw 60 ft. long. There are four of these screening apparatus 
delivering into the screw trough. The small coal is delivered at the far end of the 
screw into a pan, in which dips an elevator known ns a Jacob’s ladder, which is a 
series of buckets on an endless revolving band. These buckets carry up the small 
coal to a revolving screen or riddle, from which the pen nuts pass to a receiver, to he 
run out when full into waggons fur use for steam purposes and gas making. The 
^udge is conveyed from the revolving riddle to two inclined troughs, which unite 
into one at a point some 200 ft. away. A constant and copious stream of water flows 
through those troughs, carrying the coal dust with it. Mixed with the coal dust, 
however, is a large percent^e of metallic and other impurities, which must not be 
allowed to get into the coking ovens, or tho coke would be spoilt. The flow of water 
and the inclination of the troughs are, however, so adjusted that tho impurities of 
their own superior gravity settle in the trough, the lighter particles of pure coal being 
carried onwsrd to a series of draining tanks, which commence at the 200 ft. distance. 
Those draining tanks are formed of finely perforated metal plates, and in them the 
coal dust is deposited, the water draining off into a conduit beneath. These tanks 
are so arranged, that as each becomes full tho stream of coal and water can be shut 
off and allowed to pass in turn to the others. The coal dust thus collected is removed 
from the tanks into corves, and taken to the coking ovens. The water, after passing 
all the draining tanks, still holds a considerable quantity of coal in suspension, and is, 
thewfore, led away to settlina ponds, whither also that which has drained from the 
tanks 18 couductod. At the he^ of the settling ponds are two compartments, 60 ft. 
lo^by_16 ft. wide and 3 ft. deep. These are used altematply, and as one becomes 
fllled with coal dust, the water is turned into the other, and the full one is emptied, 
the deposit being coi^veyed to the coking ovens. The water from these compartments 
others in succession, each of which is 60 ft long, 30 ft. wide, and 4 ft. 
and 6 ft. deep respectively. Sere the last particles of coal se^e, and are removed as 
the compartments become full, and are taken to the coking ovens. The water — now 
ct^paratirely elean^flows away, still by gravitation, bock near to tho revolving 
rwole, and is ther^umped up again to the troughs, after having completed a circuit 
f * P^ps employed for this purpose are one of Tanoyb’s and one 

Of UAYWABD T^b'b Steam pumps. There ore two blocks of coking ovens, one con- 
wmng 60 and toe other 30 ovens, which arc placed in double rows, hack to back. 
Aoa ovens are charged with the coal dust at the top, and the waste gases are tskts off 
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COKE OVEN 


hj a €ii 6 running centrally l>etween the rows. At the end of the block of 30 oreni, 
which are of the Stafibrdshire arched typo, is a row of 7 Lancashire donble-flued 
boilers, each 80 fb. long, 7 ft. diameter, and with 2 ft. 0 in. flues. Two boilers in 
this series are heated by the waste gnaea fwm the coking ovens, and a third is being 
fitted for the same purpose. If the gases are not required for the boilers, they can be 
shut off and conducted to a large chimney shaft. These boilers supply steam to the 
winding and other engines.’ 

OOXa OVnf. Co^he has been already described in vol. i. p. 890 ; to that 
notice the render is referred. In addition to what is there said, it appears that a 
farther description is paired, and we have reason for knowing that the additional 
woodcuts now given will be acceptable to inanuructurers. 
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The CoppAe ovens are very highly thought of at the present time. Belgium pos- 
sesses 524 of these in operation — seroral in the neighbourhood of Liogo — and 102 
others are being built. In Prussia, 1,305 are at work, and 139 are in course of 
erection. In France, 186 aro in activity; and in England, 80 aro at work at the 
Copriii! OoKjj Company’s works at Thomclifle, and 30 more are l>cing put up thoro. 

As in tho systems previously described, the Coppde ovens are placed together in 
groups of two and two. (Hce Jig. 600, vol. i.) The flames from the two ovens of the 
same group pass through a series of openings, a, a, made in the arch, and circulate 
through suitable channels around tho oven, then passiog bonosth the sole of the 
adjacent oven, enter by a vertical flue, o, into a common conduit. A, which first goes 
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beneath the boilers and then leads to the chimney. The gases are burnt in the 
I'hanuels by two sets of numerous jets of warm nir, the one sot entering the oven at 
d, d, and the other entering the vertical flues at c, c ; tho admission of air is regulated 
in the former case by tho slidebars, n, and in tho latter case by the slideWs, f. 
GaUeHes under the brickwork are traversed by currents of cold air, which cool and 
preserve tho coustruction. This air outers at m, m, and traverses four ordinary brick 
galleries, n, n ; at tho point z, in the centre of the structure, it ascends, entering the 
flues, o, o, to reach tho two chimneys, v, v. To dimiiiisli the loss of heat, the tops 
ot the ovens are covered with a bed of clay about 18 in. thidc, on which bricks are 
laid. 

The ordinary dimensions of as oven are :->Length, 9 m. ; width, 0*45 m. ; hoight. 
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1*20 m., for a coking of 24 hours. For a coking of 48 hours the width is 0 60 m,, 
and the height 170 m. 

The oreus are quickly fllled by three charging hoppers, /, /. 

The characteristics of the Copp4e furnacee are— 

1. A small width, and an arrangement of channels especially suited for poor coals. 

2. A combustion of gas by a double admission of air, which entirely suppresses the 
smoke. 

3. The combination of all the hot gases in a large conduit beneath the ovens, and 
their utilisation for heating boilers. 

4. Galleries for cooling and prosorving the brickwork. 

The additional figures now given will enable anyone to construct a series of these 
coke ovens with ease, since all the details are very clearly given. 
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It IB estimated that a furnace can heat a 3 or 4-horBe boiler. This fbree is em- 
ployed for breaking the coal, discharging the coke, &c. A furnace gives 2 tons of 
(oke per 24 hours. The duty is high, and the qualiry of coke produced extremely 
good. A furnace, including foundation, to a depth of 1*86 m. below the ground level, 
costs 2,500 francs. 

The iollowing is the estimated cost for the construction of 26 ovens on this sysUm, 
each oven to produce 2 tons of coke per 24 hours 

Fronoi 

26 ovens, including 1 *85 mHre of foundation beneath the sole 


of the ovens, at 2,600 francs per oven 56,000 

Crasher and engine-house 7,000 

Non-expansion 20-hor8e power steam engine .... 4,000 

Feed-pump 1,400 

1 orusner 3,400 

Discharging apparatus, with boiler ...... 8,200 

Transmissions 3,600 

Stones for engine foundations, &c 1,000 

Bands 1,600 

6 small waggons 2,700 

2 chains 4,000 

Water reservoir 1,800 

1 boiler, with fittings, chimney, &c. • . . • . 14,000 

Water-pipes and coc^ 1,400 

Steam-pipes 1,200 

Disoharge rails 8,000 

Sundries 8,000 


116,200 
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The cost of the eoke, taking 70 per cent, only afl a baeis, and the price of the cool 
delivered at the works at 30 francs per 1,000 kil., may be stated as fdlows : — 

Frond 


Cost of manufacture, including loading waggons, tools, &c. . 1*00 

Annual chaige of Id per cent 1*20 

Expenses of management, office, &c 0*30 

1,430 kil. coal, at 30 francs per 1,000 kil 42 00 

Per ion of coke . 45*40 


The cost of washed coke would be 4 ft^ncs higher. 

It has been urged that the Copp^e ovens are too light on account of the side walls, 
which are only 0*33 m. thick, including a space of O'OO m. for the luissage of gas, 
but, from the experience obtained, we may safely assert that tliis criticism is entirely 
an unjust one. 

Comparative experiments made in England with the elliptical beehive ovens and the 
Copp4e furnaces give the following results, which we extract from the paper of Mr. 
Baimbbioqu : — 


Summary thovoing Chief Points of Comparison between the Beihive and the 
Coppie Ovens. 



Common Oven 

Cu|>|H^e Oven 

1 . First cost per 2 tons of coke per day . 

2. Time burning 

3. Area occupi^ per ton of coke per day 

4. Porcent..ofyidd{3^^^ ; ; ’ 

5. Area of outside cooling surface per 2 tons 

of coke per day . ... 

6. Time occupied in emptying and refilling . 

7. Units of beat in waste gases given ofif per 

oven per day 

8. Labour charges (cost of coking) per ton . 

119/. 7s. . 

48 to 120 hours 
1,218 bq. ft. 

45 per cent. 

64 „ 

1,002 sq. ft. 

60 minutes 

966,710 . 

Is. 3(1. . 

100/. 

24 hours. 

234 sq. fW 

59 per cent. 

68 „ 

175 sq. ft. 

8 minutes. 

1,401,584 

lid. 


The arrangements for charging and emptying show also a marked iinprovomont in 
the yield. 

COJCB, the heating power of, Kaustbb has determined the boating power of cuke 
as follows : — 

100 parts in volume of coke are equal to 250 parts of charcoal. 

100 lb. „ ,. 80 lb. 

The weight of 1 cubic foot (Prussian), including the 

interstices of caked coke produced in ovens » 22 -25 lb. (Prussian) 

The weight of 1 cubic foot (Prussian), including the 

interstices of caked coke produced in heaps » 25-28 lb. „ 

The weight of 1 cubic foot (Prussian), including the 

interstices of sinter coke produced in heaps a 33 ,, 

The weight of 1 cubic fuot (Prussian), including the 

interstices of sand coke produced in heaps 35 „ 

The weight of 1 cubic foot (Prussian), including the 
interstices of sand coke produced in tar ovens 38 „ 

Mr. CsooKBB {Praciioal Treatise on MetaUvray, toI. iii. p. 492) gives the following 
as results obtained in the smelting works of the Lower Uartz, showing Uie relation 
existing between charcoal and coke 

100 cubic feet of charcoal 45 cubic feet of caked coke. 

8 „ of gas coke - 3} 

60 bundles of brushwood *• >* 

10 cubic feet of pine nuts n *. 

10 „ of pine wood in billets « 64 lb. of gas coke. 

10 „ „ roots a 72 1b. „ 

10 „ », branches k 65 lb. ,, 

10 „ of charcoal boccli wood » 06 lb. „ 

(The weights and monsiireL uro ILiuoA'erinu ) 






COKE, AKTHEAGITE 268 

The same authnrity Informa ue that the Society for Promotioff Induetry in Pmeiia 
has determined that 1 lb. of coke, which had been imperfectly ^rred in heaps, con- 
taining from 6 to 6 per cent, of water and from 2*4 to 4 '3 per cent, of ash, converted 
from 7*16 to 7'58 lb. of water of 0° into steam of 110° to 115° Cent. One ton 
l^ruseian, equal to 7^ cubic feet of this cok*), weighs 261 lb. According to Fifu 
{Bgvkfd, vii. 222), the mineral coal of Tarneut evaporates 6*66 times its own weight 
of water, 'and coke produces from this coal 7’4 times it own weight of water. 

COaLBy AirrSlUiOITB. Attention has recently been ealled to the manufacture 
of coke from anthracite. Before describing the modem process, it appears necessary 
to refer to the earlier processes fur obtiining the same end. In 1850 Mr. Jaiins 
Palmkr Budd, of Ystalyfera, patented a process of manufacturing coke by beating 
non-caking coil in intimate admixture with strongly caking coal. Every variety of 
non-caking coal, anthracite inclusive, is suitable for the process. The two kinds of 
coal are to be ground together in a pug-mill, or rolls may be employed for the purpose 
either with or without grooves. It is necessary that the non-cuking coal, of whatever 
kind It may be, should be reduced to line powder. This is not so essential for the 
caking coal. 

Mr. Budd’s process was again p.iteiited no less than three times in 1856, by A. 
iVnpioNA {SjKcjJication No. 873), by Mr. E. A. BkooiiAU {Spetificaftatt No. 1,828), 
ami by Mr. L. S. Maonus. But it does not appear that any of those processes wore 
auccossful ; certainly, if employed at all, they were soon abandoned. 

In 1854 Mr. John Bjsthril obtained a patent for the manufacture of coke, by 
mixing non-caking coal with pitch, or pitch and bituminous coal. In 1658 another 
ptent vies obtained by Mr. Bktiikll for making large coke of good quality, by heat- 
ing 111 a common coke oven a mixture of hreest (see Brfbzb and Brbbzb OvHif, vol. i. 

{ ). 507) aud coal tar, or coal tor pitch. In 1859 Dr. Pkrcy informs us in his Metal- 
wrgy ^ vol i. p. 180, 1st edition, that ho had an opportunity of witne^ising Bkthiii.i.’b 
process in operation at Llanelly, South Wales. The mixture employed consisted of 
crushed anthracite and coal-tar pitch, the anthracite being previously washed. In 
1867 Mr. William Cort patented {Specification No. 1,174) the manufacture of coke 
by heating the slack of free burning coal and anthracite with gas tar or pitch, in tho 
propurt ions of oue-flf th or one tenth of the weight of the coal. Carl Buurino) in 
1867 {Specification No. 3,194), patented a process for making coke, whicli differed 
only from Bethhli's in claiming, in addition to the pitch, asphalt, sugar, uax, or any 
bitumen, rosin, or gum, or any mixture of those substances. This patentee also claims 
any * carbonised animal or vegetable material, such as coke, charcoal, boghead, ash, 
pent, coal, wood, bone, dried blood, or any such material, whieh, by the action of heat, 
maybe carbonised.’ In 1857 Mr. Blkibtrird patented a similar process with the 
admixture of powdered limestone or other calcareous substances, and Mr. Jabs 
Church, in I860, patented a similar process, fixing tlio addition to be 25 lb. of slaked 
lime to 140 lb of asphalt and 1 ton of coal {Spenficaiwn No. 784). 

At the nioetiug of the Iron and Steel Institute at Manchostor, in September 1875, 
a paper was read by Mr. Hackney, from which the following information has been 
derived : — 

‘ The high caloritic power of anthracite, consisting as it does of nearly pure carbon, 
and the low percentage of sulphur and ash contained in most varieties, naturally 
render it of great value as a fuel in the cupola and blast furtioce, while from its 
abundance in many districts, and the cheapness with which it may generally bo worked, 
it should be at onoe the btst and the cheapest fhel that could be used. The practical 
drawbacks to its use, which diminish its value and to a groat extent restrict its 
employ mont, are tho difficulty of utilising the slack, or small anthracite, of which a 
good deal is mode in mining and handling, and in breaking the large pieces, and the 
tendency of many anthracites to split up into small particles if suddenly heated. In 
tho blast furnace this decrepitation is especially injurious, as the fine dust is apt to 
form, together with the cinder, pasty masses that can neither be melted nor burned 
away, and may choke the ftinuce up or seriously derange its working. These diffi- 
culties in tho way of using anthracite generally, in its natural or raw state, have led 
to many attempts to make it into a serviceable coke, by coking it in admixture with a 
grater or leas proportion of binding coal, pitch, or other bituminous substonees. 
None of these attempts, until very recently, appear, however, to hate boon oom- 
mereially successful ; none, at least, of those made in South Wales have been carried 
out l^ely or continuously ; as, though coherent coke was made, it was friable and of 
infenor quality.’ 

Anthracite coke is now (1876) being made by Messrs. Pbnbolb and Bicharxm, of 
Svmnsea, from whom most of tho following information has been obtained. 

The materials used are any quality of anthracite or semi-anthracite, if free from 
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shale or etonoe, good bituminouB or binding coal and pitch« in the fbllo’wing propor- 

tione:^ 

Anthracite 00 

Bituminous coal 3*5 

Pitch 0 


100 


The bituminous coal used in making this roke is that from Tyissn Colliery, near 
Swansea. The materials are passed together through a Gauu’s disintegrator, to 
crush and mix them ; the proportions in which they are mixed being regulated by 
supplying the feeding hopper of the disintegrator by three elevators, one carrying up 
each constituent, and each provided with buckets of such size and number as to bring 
up the relative quantity required. The ovens used are of the oblong shape generally 
employed in South Wales — 15 ft. long by 15 ft. 7 in. wide at the back, and G ft. 2 in. 
in front, and 4 ft. 4 in. high to the under side of the arch. Each oven is charged, 
through n hole in the roof, with about four tons of this crushed mixture ; tliis is 
levelled by a rabble put in through the door at the end ; and a small quantity of 
bituminous coal, sufficient to form a layer about two incheo thick, is thrown in and 
spread uniformly over the surface. The oven is then lighted, by throwing a few 
shovelfuls of hot embers on the top of the charge, iiumcdiiitoly inside of the door, and 
the coking is managed as in working an ordinary charge of bituminous coal. The 
object of eovering the charge with a layer of bituminous coal is to prevent tho burning 
away of tho pitch, and its use appears to be essential for the production of a hard and 
strong coke. Ordinaiy slack of tho same quality as that in the mixture is used for 
the covering ; this is mostly very small, but is not specially crushed. Bather more 
than two charges per week are made in each oven. The coke is watered in the oven, 
and is then drawn out in one mass by a chain and hand winch. Tho yield of f^ike is 
80 per cent, of the weight of the charge. The coke is steel grey iu colour, and ver^ 
much harder than tho anthracite from which it is made ; so hard, indeed, that it 
scratches glass with comparative ease. In a common fire, or under tho action of a 
blast, it burns away without showing any tendency to crumble or decrepitate. It is 
about 23 per cent, heavier than tho best cuke made from Welsh bituminous txial, so 
that in sending a caigo abroad recently, a vessel that cuuld not carry more than 240 
^ons of ordinaiy coke was able to take in as much as 310 tons of anthracite coke. 
Another valuable consequence of tho dense compact character of tho coke, in addition 
to the saving in cost of carriage, is, that oven if soaked iu water it takes up very little 
—only from 1'6 to 2 per cent. — of its weight, while many kinds of oidinary coke 
absorb readily 10 per cent, or more. The coke is harder and more dense, the finer the 
materials are crushed, and the more intimately they are mixed. In practical use, 
both in the cupola and in the blast furnace, the cuku, so as it has bmn tried, has 

S 'ven remarkably good results. Those are probably due in port to its hardness and 
insity, or rather to the high temperature requirtd to set it on fire, which brings tho 
cone of combustion closer to the tuyeres, and diminishes Uie waste of fuel in the upper 
part of the furnace caused by the transformation of CO’ into CO ; and in rart to its 
freedom from water, and the small amount of ash that it contains. In a small foundiy 
cupola, in which 1 lb. of good Welsh coke — that from Bryudu,near Bridgenet-^molts 
10 lb. of iron, 1 lb. of anthracite coke melts 16 lb., and the metal is hotter when 


tapped out ; and in a trial carried out at Messrs. Tamotb'b works, near Birmingham, 
anthracite coke melted well with 26 per cent, more burden than that placed on oidi* 
naiy coke, and would probably have done more, but the managers were unwilling to 
run any risk of deran^ng the working of the cupola, and did not push the experi- 
inent frither. In a trial made in one of the blast furnaces at Landore, working on 
Spieffeleiaen, the burden in using anthracite coke was increased 28^ per cent, and the 
economy might probably have been raised to 30 per cent, or more, but the stock of 
coke in hana was not siracient to admit of carrying on the experiment. The Lakdomi 
C oMPAXY are, however, so satisfied of the value of the coke, that th^ have nearly 
completed preparations for making it in all their ovens, and using nothing else in 
their two blast furnaces. The cost of anthracite coke is about the same as that of 


the best ordinary coke made in the district. Anthracite, in Wales, is about 2i. a ton 
cheaper than bituminous coal — an economy in one constituent that Imlances the extra 
cost of the pitch ; and in making best ordinary coke, the coal used is ground, at a 
cost of about 6d. a ton, just as in the case of coke from antliracite. The yield of 80 
per cant, in coking anthracite, against 70 per cent, or less in coking bituminous ooali 
IS again in favour of the former. The cost of the crushing and miiung arrangements* 
to^nd 1,000 tons a day, is estimated by the inventors at from 2,000/. to 2,500/. 
This would include a 6 ft. 3 in. disintegrator, with driving power, elevators, and shed. 
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The fkroceM has been carried on near Swansea for about nine mouths, and though it 
was Bospended for some time during; last winter on account of the ooUiem* strike, 
between 2,000 and 8,000 tons have in all been made to this time (1876). The field 
for the application of any metical method of utilising small anthracite is very groat : 
the quantity available in Wales, and in America, is umost unlimited, and very much 
of thfit raised is now unsaleable, merely because it is too small to be useil. In 
rennsvlrania, 'according to Mr. Ublt, from one-fifth to one-half of the materinj 
brought to tlie surface m the anthracite coUiortee is thus thrown aside, partly shale 
and stones, but chiefly small and dust coal, perfectly clean and bright. 

Ikdatt lantern, (vol. i. p. 886 ) — In addition to the (lescnptioii of processes given 
in the first volume, it becomes necessaiy to give some special account of the Dulait 
system, which has been extensively used on the Continent. 

In a group of ovens on the Dulait system (fy». 2804, 2806), the ovens are placed 
in pairs— one oven heating the adjoining one. It allows of tho extinction at will of 
any portion of a group of ovens, while the remainder are kept in foil operation. The 
flumes issuing at a descend directly below the sole, by the cnimney, a, circulate in the 
flues, hb, at the end of which each current subdivides in tho channels, cece. The 
flames then ascend at dddd, where each current makes a zigsag similar to eee, 
before reaching the chimney, f. It will thus be seen that each (diimucy is divided 
1 itu four compartments. Their length is 7 metros; width, 0 76 m&tre generally, 
blit is variable according to the quality of the coal ; the height to tlie base of the ar^ 
IS 1 16 metros , tho height of tlio arch 0 10 m6tro ; aud the incline of the solo towards 
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the dischaiging levri is 0*02 m. per m^tre. In order to avoid waste of heat as well 
as the action of the winds and of the penetration of air, these ovens are furnished with 
double doors. The interior doors are of cast iron, and formed of two parts ; the lower 
part, 0*70 mitre in height, opens for the discharge of the coke and closes immediately 
after ; tho upper part, 0*46 mitre in height, opens to allow of the insertion of tiie 
rabble for r^fulating the riiarge^ The outside doors are level with the ikeo of the 
structure, at a distance of 0*80 m. from the jureceding ones, and are of sheet iron, of a 
thickness of 0*006 mitre. The disposition of these doors reduces the space really 
oocnpied by the coal in the furnace to a length of 0 mitres. Oarbonisation in a close 
vess^ is one of the principles on which the Dulait system is based, in consequence of 
which all the doors arecamully closed all round with clay The hoppers for charging 
the ovens are also closed both at the tup and bottom, tho lower part being shut in by 
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a cast-iron slab cemented with clay on the brickwork, and the upper portion has a 
cover, the ed^ of which rest in a channel Ailed with powdered coal. 

The carbonisation in a close vessel gives a maximum yield. But if air is excluded 
from the oven and does not consume a portion of the coal during combustion, we^ 
however, must be able to obtain the heat necessary for the coking operation.^ K. 
Dulxit, following out the idea already put forward in England by Mr. Cox, has at- 
tained the desired result by burning the gases in the circulating flues by means of the 
introduction into these flues of numerous jo^s of heated air. In order to provide for 
this, one of the walls of the flues through which the gases pass is built of two rows of 
hollow bricks, superposed {jvg. 2306). These bricks have a section of 0*10 ni^tre by 

0 12 mhtxe. They are pierc^ by a longitudinal hole 0‘05 m^tro in diameter, in 
tsuch a manner that, by their juxtaposition, they form two superimposod channels as 
lung as the whole flue. The lower channel is open at the front of the oven and closed 
at the other extremity, where it rises in order to communicate with the upper parallel 
channel. This is pierced by holes 0‘008 rnt^tre in diameter, plai'ed at a distance of 

1 decimetre from each other, and opening into the flue in which the combustible gases 
are circulating. By this arrangement the external air taken in by the draught pene- 
trates into the lower channel, where it gets heated, imtl, reaching the upiier passage, 
is projected across the stream divided into innumerable streamlets, which increase 
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the Bur&ce of contact, thus effecting perfect combustion of the gases, and producing 
the highest possible degree of temperature, so that the gases are in this way fully 
utilised. As a result, if the coal is of the right quality, the combustible gases are 
produced in sufiicieiil quantity to admit of the complete distillation of the coal, and 
tlie heating of the whole of the apparatus in a regular and permanent manner. 

This system does away with the necessity for providing openings for draught, or 
reduces it to a theoretical absence of draught, limited only by the care with which 
the clay has been applied to the doors. 

Coks prepared un^ Preemr.—Mr. E. T. Cox, State Ooologis^ Indiana, and his 
assistant Dr. G-. M. Lxvbtb, have been making a series of experiments to obtain a 
definite idea of the eflfbcte of pressure on the coking of coals. 

Powdered coal wae placed in a retort, and after luting the rim with a paste of fire- 
clay the cover wae attached with a screw clamp. The retort was placed in an iron 
<^hnder lined with flie-clay and maintained at a bright red heat for about an hour. 

The cools used were from the districts named in the following table, and the resnlts 
show first, the quantity of coke obtained by analysis, and then the percentage of coke 
obtained under the different degrees of pessure named. 

These experiments go to show that tne temperature at which the fixed carbon of 
the coal will melt, depends upon the nature and arrangements of the protean eom- 
pounds which enter into its composition. The fixed carbon of the IHttsbnrg eoal 
nielts at a comparatively low temperature, and under the increase of beat, induced 
pressure, it becomes fluid enough to expand into a more bubble. 
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Proximate 

analysis 

Iron letort. 
Mo mercury 

Iron retort. 

8 In. of mer* 
ouiy 

Iron retort. 

6 In. of mer* 
cury 

Iron retort. 

18 In. oC mer- 
cury 

From 

Sullivan County 
Pittsbui^ . . 

Clay County 
•» • 

Knox County . 

For cent. 
62-40 
6790 
68-60 
67'50 
62-nO 

65 50 

For cent. 
69*10 
66*06 
62*20 
68*85 
6f35 
6010 

Per cent. 

62 00 
66*00 
61*76 

60 40 
64*00 
6640 

Percent, 

62 80 
66*10 
62*60 
68*60 
64*80 
67*96 

Per oent. 
60*40 
66-10 

63 40 
69*25 
66*60 
66*16 


To make a dense coke of such a coal, instead of using pressure, the operation of 
coking should be conducted in ovens, whore the gas could be removed by ex- 
hHUHiion :i8 fast as formed. This is done at the gas works ; here tlie retorts are 
exhausted of gas as fast as it is formed, and the coke made in this way is very hard 
and 8^roIig. Coal like that from Sullivan county givos a better coke when pressure 
IS eppliod, and the block coal is alnioet worthless for coke unless it is distilled 
under a very great pressure, since it takes a high temperature to fuse aud cement 
its carbon particles together. These experiments also assist in explaining whj^ some 
of the cakiiig coals will not answer, in the raw state, as fuel for smelting iron in 
the blast-furnace, and why the block coal is used advantageously for that purpose. 
Thu closed top blast-furnace, with its gaslBuos, may be very properly substituted for 
the retort iu coking coal, with this advantage for the former ; the coko is subjected 
to the additional pressure produced by the superimposed ore and limestone. In 
another exporiment it was found that the density and strength of the coko ia 
materially increased by covering it with 1 in. of sand aud permitting the gas to escape 
without additional pressure. 

These experiments show that the dry burning or block coal of Indiana, contrary to 
the commonly received opinion, can be mode, under proper treatment, into a remark- 
ably strong and dense coke ; one of the essential conditions being a suitable degree of 
pressure to ensure boat enough to fuse its refractory carbon into a homogeneous mass. 
Furthermore, the above mode of testing coal is calculated to give a far better idea of 
its value os a fuel than it is possible to obtain by the ordinary proximate analysie. 
It enables us to know at once under what conditions a coal must be distilled in order 
to fuse its carbon into a strong and dense coke. It teaches us, also, how a bituminoui 
coal, when subjected to heat under pressure, may be converted into anthracite and not 
coke. 

It is Mr. Cox’s intention to pursue still further the iDTestigntion of coking coal 
under pressure, and ho proposes to arrange an apparatus for that purpose which will 
secure a pressure at least equal to one atmosphere. 

Coke^ Vecuhar form of. — Mr. E. Tullky Nbwton, of the Geological Surv^, has 
drawn attention to some peculiar forms of coke, which ho has examined microscopi- 
cally. This gentleman communicated the results of bis observations to the Philo- 
aophical Magaeine, January 1876> from which the following description has bees 
abridged : — 

* The specimens examined were of two kinds, both obtained from a coke oven, and 
are so unlike each other that there can be no doubt that they had been formed in an 
entirely different manner. One of them had a silvery metallic lustre, and was usually 
attache to some object, either as a flat expansion, or in masses of feather-like branches 

2807 to 2810). having much the appearance of minute stalactites. Tlie surfhee, 
which is sometimes smooth, mostly appwrs to consist of a number of minute globules 
or bubbles closely packed togethw . When any considerable thickness is formed it 
becomes very hi^ and dense. 

* The bubble-like appea^ce of some specimens might lead one to suppose that they 
were formed by the bubbling of the semifluid hydrocarbons, in a manner similar to 
that which may be often seen when ordinaxy coal is burnt in a grate ; but the fact 
that otgects, as tobacco pipes, become coated with this coke, shows conclusively that 
this cannot be the o^. An^ again, the babbling process producss light vesioular 
masses, while the kind of which we speak is very dense. It seems most probable that, 
when the gaseous hydrocarbons evolved in the process of distillation become more 
highly heated, they ore decomposed and a deposition of carbon takes place, os de* 
scribed by Dr. in his volume On Pud, 1876, p. 419. The Chin^ give some 
of their common earthenware a coating of carbon of this kind, which gives it a 
nietallio lustre. Mr, C. Tooxxt, formerly of the Japan Mint, tolls me that the 
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Japataeae use, for the roofs of their houses, tiles which have been coated with carbon 
in a manner similar to this. 
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* The second kind is that which is commonly known ns hnir-Iike coke, and is in- 
teresting inasmuch as it presents, when examined with the inicrosi'opo, a great variety 
of curious forms. In must Instances these ‘hairs ' are of n dull black ; but somotimos 
they have a silvery appoiirauco. The forms assumed uro occasionally of such a 
character that it is difhcult to divest one's mind of the idea that they aro organic 
structures. 

‘ The “ hairs ” aro not uniform in thickness, but vary from the yj^th of an inch in 
diameter, or oven loss, to perhaps the x^th of an inch, or even more, riome are straight 
or only slightly curved ; others are bent, distorted, and knotted in a variety of ways. 

The liner hairs ” aro mostly smooth 
2310 and cvlindrical ; but some have a 

granular appearance; and occasion- 
ally the granules are so large in pro- 
portion to the fdze of the “hair" as 
to present an irregular knotted ap- 
peanvnee, like those forming the tuft 
of specimens. On many of the larger 
** hairs” more or loss distinct trans- 
verse markings may l/O seen ; and 
these often become definite constric- 
tions arranged in a veiw regular 
manner — so much so that they closely 
resemble, on a small scale, the mo- 
niliform stems of the stone lilies or 
Encririitus, which ore so well known 
in the Weulock and carboniferous 
limestones. Forms like these are 
not at all rare. Each segment ap- 
pears to consist of a bundle of tubes 
or rods close together whore they 
spring from the segment below, bnt 
gradually Reading out as they pass upwards, and terminating abruptly at the rounded 
surfisoe which forms the top of tlie segment ( 2809). No definite openings could 
be seen upon the upper rounded surface ; but it apj^ared slightly granular. Fig. 
2310 represents a form of which there aro many varieties, all exbiiiiting a series of 
regular rid^ passing obliquely outwards from a middle line, which is either a 
groove, a ridge, or an irr^^ar ridge broken up into segments, as in the flgura. 
This specimen is not cylindrical, but fiatteued, and has the appearance of being two 
* hairs ” placed side by side and joined to ouch other at intervals. 
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■ With regard to the internal etmcture of this hair-like coke, some of the flbroe 
irhan broken open appear veLicular, while others are solid and have much the aspect 
^ a piece of charcoa. The solid "hairs” must, I think, have been formed in the 
Irst place as threads of semifluid carbonaceous material, and subsequently decomposed 
oy being further heated. There is little room for doubting that the vesicular kind of 
‘ hairs” have been produced by a process of bubbling, caused ^ gases forcing their 
tray through the semifluid carbonaceous matters. It is not difficult to imagine that 
»ttch simple foms as those represented may have been formed in either of these 
trays, or to understand how a series of bubbles formed rapidly one beyond auothox 
night produce the moniliform character, although one ivould scarcely have expected 
it to be so regular; but it is not easy to imagine how either process could have 
produced the regular oblique markings of some of the bundles of tubes seen in the 
specimen.’ 

COBA&T IN South Africa. — Cobalt ores have been found and are being worked 
bo some small extent by an English company in the Transvaah 

'rills metal, according to Mr. E. J. 1>dnn, is found near Oliphant River, South 
Africi. He says in his thirther Notes on the Diamond Fields of South AJrioa 
qual Society^ June 187d): ‘It dors not occur in lodes, but in small threads and lenti- 
cular veins running parallel to a dyke of fine-grained dolerite ; the widest vein of ore 
was 8 inches thick. More than lUO tons of ore have been sent to London, 

Cohalt, Nitrate of. — A tost for Alcohol. See Aia^uox. 

COCA or CVCA. (Vol. i. p. 876.) — The Erythroxylon Coca (literally red mood) is 
extensively cuUi\ atod by the inhabitants of the countries on the Pacific coasts of South 
America. The plant is, technically , a shrub, growing from C ft. to 8 ft. in height, and 
resemUing in appearance a blackthorn bush, espoci.ally when in bloom. The leaves 
are oval, taponng towards botli extremities, the upper surface dark green, the lower 
paler, and marked on each side of the midrib with a vein which runs parallel with the 
margin. The foliage resomblos the strawlierry tree of Spain, but the loaves are much 
thinner. The plants thrive best in the clearances nroid the elevated forests of the 
Andes, where frosts are unknown, and the heat, which is never extreme, is tempered 
by frequent shouers of rain. As mnny as three gatherings can be made in ayear, but 
earn IS taken to romove the leaves singly by nipping them off without dancing the 
axillary buds. The loaves, when gathered, are dried as rapidly as possible in the 
sun, and in tho process emit a powerful odour, which produces headache and nausea 
in those unaceustomed to it. This odour, however, passes away with the moisture ot 
tbo green leaves, and by the time they are ready for packing they poBsess a not un- 
pleasant odour, suggestive of a strong rough tea. Good samples of coca should have 
tho loaves flat, not rolled or twisted, and with only a small percentage broken, when 
freshly ojioned ; but, ns they are thin and crisp, handling necessarily fractures many. 
Tlie upper surface should be a deep green, the under a paler or grey green ; in in- 
ferior and old samples the majority of thelonvesaro brown, onl^ a few having the dark 
green tinge, which would seem to be the index of value, for it is certain that the brown 
leavoH hnvo lost much of their favour, and fail to produce that sense of * warmth’ in 
the month which is the not unpleasant result of chewing the green leaves. Tho Peru- 
vians declare that in few months tlie leaves lose much of their virtue, and when 
taken to the coast towns or exported arc wortliless in a year ; but, however much the 
leaves may deteriorate by lapse of time, it is certain that if carefully packed they 
retain tboir power of stimulating for many years. There are about 70 known species 
of Erythroxylon, the best known of which «are E. suherosum, the bark and wood of 
which supplies a reddish-brown dye, and tho E. arcolatum, the young shoots of which 
possess stimulating properties, while the bark is a tonic, and the enressed juice of 
the leaves is said to be used externally in liver complaints. Nearly all the species 
possess either stimulating or tonic properties, and several of them may be made to 
yield a reddish dye, though it is practically of little value. 

The best accounts of the virtues of coca will be found in the Journal of the Botanical 
Society of Edinhurgk, in a paper read before the Society by Dr. R Chbistjson. 

His first experiments wore made in 1870 with leaves that must have boon about 
seven years old, but had been well cured and well preserved by sprinkling a little 
quicklime amongst them. Two of his students having first tired themselves by a long 
walk of 16 miles, took an infusion of 2 drms. of coca with 6 grs. of carbonate trf 
soda. The students, who were not only tired but hungry, having oaten nothing since 
breakfast, lost nil feeling of both hunger and fatigue soon after drinking tho coca, and 
went for a walk for an hour, and returning mode an excellent dinner, were alert during 
the evening, and slept soundly at night. Last year (1876) I)r. Chbistjson, having 
obtained a further supply, ten students made a trial of it, and after long walks, some of 
30 miles without food, all found hunger to cease for a time, and four experienced 
complete relief from tho fooling of fatigue. Last May Dr. Christison walked 16 miles 
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in f<mv BtugM without food of any kind, and was so thoroughly tired that he fult adift- 
culty in maintaining his pace during the last stage— in fact, he was effectually fatigued, 
A few days later he walked 16 miles in three stages, and, having complete 10, felt 
quite fiigged enough to look forward to the remaining six with reluctance. During 
the rest be oliewed 80 grains of coca, but did not observe any sensible effect 
until he got out of doors, and put on his usual pace, when he was surprised to dud 
that all sense of weariness from the previous 10 miles had vanished, although he had 
only rested 46 minutes after completing the second stage of the 10 miles. He finished 
the 6 miles at a four-mile pace, and wont up to his dressing-room two steps at a time, 
without any sense of fatigue or other uneasiness whatsoever. Daring the walk 40 
grs. more coca were chewed, bringing the quantity up to two drms. Noither hunger, 
nor thirst, nor fatigue were felt, although Dr. Curthtison had abstained from 
food for nine hours, and had performed a hard day's work for a man of 
his years. He made an excellent dinner, felt free from drowsiness, and slept 
soundly. In the autumn he made the ascent of Ben Voirlieh, 2,900 ft. alwve the road- 
way, and cliowed 40 grs. of coca-loaves as his luneheon. He mode the descent witli 
ease— chewing 20 grs. more— was neither weary, nor hungry, nor thirsty, and eould 
li.ive easily walked liome if it had been necessary. This oxporimeui was afterwards 
repealed with similar results. The facts detailed speak for themselves. 'When 
taken in oxeoss, coca produces an intoxication resembling that of opium. Sprtjck says 
that an Indian with a chew of * spadie ’ in his cheek will go two or three days 
without food, and without feeling any desire for sleep. 

OOOBZirmAA. (Vol. i. p. 875.) Sulphate of barytes and Chinn cloy have been 
used to adulterate and give weight to cochineal. 

Cochineal . — The crop in the Canary Islands is no longer ronmnorative, prices 
having fallen from 11 or 12 francs per pound Spanish of 460 grammes in 18^48 to 2^ 
francs at present date (1875). The total exports of the Canaries in 1873-4 wore 
2, ,340, 348 kilos , of wliich 1,452,030 were sent to England. 

Adulteralhn o/.— Cochineal is sometimes adulterated with sulphate of zinc. The 
cochineal is immersed in a solution of sulphate of zinc, and then in an alkali. Oxide 
of zinc gives the pulverulent character of the gonuiuo grain, and the weight is 
increased. 

Cochineal, Ammoniacal.— For dyeing 61b. of silk take 5 or 6 gallons of water, and pre- 
pare the bath with H oz. tartaric acid, or | oz. sulphuric acid, and ^ gallon of ammo- 
niacal cochineal at 2| or 4 Tu>ad. (Cochineal rubbed up with ammonia and dissolved 
in soft water). We find in the directions given to the silk dyer, * The silk may l^e 
weighted tu the extent of 10 or 15 per cent, by adding dissolved sugar or honey to the 
dye bath.’ 

Cochineal is used in colouring wine. For its detoclioii, see WiNStf. 

Cochineal, graniila, and dust woro imported in the years named as follows : — 

1873 1874 1870 1878 

Cwts. 42,203 39 393 40,941 29,379 

Value £535,091 £478,701 £492,976 £332,461 

and of our import the cocliicoal exported in 1870 was 

17.1 05 cwts. Value £l 87,308 

COVFn. According to Prussian stat'sticul returns, the production of coffee has 
increased in 40 years from 95,000 to 425.000 tons. The relative consumption per 
head of the population in different European countries i.s as follows : — 

Belgium 
Holland 
Switzeiland 
Denmark . 

Germany . 

Sweden 
France 
Austria 
Italy . . 

Great Britain 
Btufia 


8-82 lb. per annum. 
7 „ 

fi 76 

483 „ 

4-35 „ „ 

3-60 „ 

8?0 „ „ 

1 '^8 ft N 

0'94 „ H 

0-83 „ * 

8'18 fi m 
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* ooxAmT ■aKVMSxem-- 1710 TO 1875. 

Summary of the principal CoUiery Exploeiom^ ^o., einoe the Tear 1710, and the 
Number of Maiere IcxUed* 


Tear 

Date 

Name of Colliery | 

1 

No. 

lo^t 

1710 1 



Beneimm 




70 

1743 1 

January 18 . 


North Huldlck 




17 

1755 

May 2 . 


Gcniie Lane, Worsbro’ . 




3 

1766 

August 11 


Chaters Huugh 




4 

1767 

June 10 . 


llavoiisworth 




16 

1760 

June 16 . 


Hartley 




6 

1761 

Decemlier 1 . 


Walker 




8 

1765 

April 2 . 


Walker 




10 

1760 

April 16 


South Biddiek 




27 

1766 

August 22 


Lambton 




6 

1767 

Miiioh 27 


Katfleld 




39 

1773 

Doeemher 6 . 


North Biddick 




19 

1778 

Decomhor 8 . 


Cbators’ Hi ugh 




24 

1782 

Mav 17 . 


b'auld Pit, Ontoshead 




4 

1784 

Ni)M*ml)or 6 


Wallsend 




8 

17S5 

I)(‘Cuml)or 4 . 


Wallsond . 




6 

17S6 

Aiml 


Wallbond 




7 

1793 

1)( comber 27 . 


Hope Pit, Sheriff Hill . 




— 

1791 

Jun<‘ 9 . 


Ibcktree 




30 

1794 

June 1 1 > 


TT.irrnton 




28 

1794 

Diet 11 liter 21 . 


Ho])o Pit, Sheriff Hill . 




— ' 

1796 

April 24 


Bouwt 11 , . . 




11 i 

1706 

Vol)ruLiyl2 . 


>\ashington , 





1706 

iSiptcinlici 8 . 


Sl,ity Ford , 




6 • 

1707 

April 1 1 


l^umbloy 





1797 

April 19 


Kothwell Ilaigh . 




13 

1803 

Stplonilier 25 


Wallseud 




18 

1806 

Octobor 21 


Hebbum 




86 

1806 

November 29 . 


Oxclose 




88 

1800 

March 28 


Killingworth 




10 1 

1808 

November 29 . 


Harraton 




* I 

1809 

.Tune 30 . 


Kaat Ardslev 




10 

1800 

September 14 . 


Killingworth 




12 i 

1812 

May 25 . 


Filling. 




92 

1812 

October 10 


Herrington Mill Pit, Pcnslicr 



24 

1813 

July 17 . 


Colhngwood M.iin 




8 

1813 

September 28 . 


Hall Pit, Fatfield . 




32 

1813 

December 24 . 


Felling .... 




22 

1814 

April 6 . 


llowdon 




4 

1814 

April 12 


Hobburn 




11 

1814 

September 9 . 


Lcnilrld 




4 

1816 

June 2 . 


New Bottle, Success Pit 




67 

1816 

June 27 . 


Sheriff Hill . 




11 

1816 

• • • 


Heaton, Newcastle 




76 

1817 

Juno 30 . 


Harraton, Nova Scotia . 




46 

1817 

September 26 . 


Jarrow .... 




6 

1817 

December 18 . 


Plain Pit, Rainton 




27 

1819 

July 19 . 


Sheriff Hill . 




35 

1819 

Octobor 9 


George Fit, Lumbley . 




13 

1821 

October 19 , 


Nesham 




6 

1821 

October 23 


Wnllsend, RuBseU’s 




52 

1821 

October 23 


Felling .... 




6 

1822 

July 


Coal Pit, near Sheffield . 




6 

1828 

November 3 . 


Plain Pit, Rainton 




60 

1824 

Octobor 26 


George Fit, Lumhley . 




14 

1824 

November 18 , 


Dorothy Pit, Newbottle 




11 

1826 

January 12 . 


Gosporth, Middleton, Loe'^s 




26 

1826 

July 3 . 


Judy Fit, Fatfield . 




11 

1 '«26 

October 6 


Hebbum « • • 



• 

4 
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Yetr 

Date 

Name of OolUmy 



No. 

lost 

1826 

Januiuy 17 • 

Jarrow 



84 

1826 

1826 

May 30 . 

September 6 . 

Townley .... 

Heworth .... 



38 

6 

1828 

May 16 . 

Jarrow ..... 



8 

1828 

September 1 . 

Houghton-le-Spring 



7 

1828 

November 20 . 

£. Pit, Washington 



14 

1880 

August 3 

Jarrow, Ilonsbum seam . 



40 

1831 

September 20 . 

Willington .... 



7 

1832 

Juno 16 . 

Nowbottlo .... 



12 

1833 

May 9 . 

Springwoll .... 



47 

1833 

May 30 . 

Lindley Top, Huddorsfiokl 



6 

1836 

Februjiry 3 

Downs Pit, Hetton 



22 

1836 

June 18 . 

Wallsond .... 



102 

1836 

November 19 . 

Uurdon Main 



11 

1830 

Jiuiiinry 27 

High Heworth 



4 

1830 

January 28 

Hetton Colliery 



20 

1836 

July 19 . 

B. Pit, Uebburn . 



3 

1830 

December 13 . 

Bog Pit, Wakefield, Yorkshire 



— 

1837 

December 6 

Springwell .... 



30 

1838 

February 16 . 

Bobin Hood, Yorkshire 



— 

1838 

December 19 . 

Wallsend .... 



11 

1839 

June 28 . 

St. Hilda .... 



61 

1840 

January 24 

ll<ithwell Haigh Pit 



7 

1841 

April 19 

Willington .... 



32 

1841 

August 6 

Thornloy .... 



9 

1841 

Novemlior 22 . 

Mount Osbomo, No. 1, Barnsley 



16 

1843 

April 6 . 

King Pit .... 



28 

1843 

Sontli Hetton 



3 

1844 

September 28 . 

Haswell .... 



96 

1846 

August 21 

Jarrow .... 



39 

18*7 

March 6 

Ardsloy Oaks, Barrislry 



73 

1847 

May 17. 

Bueston Main, Leeds 



9 

1849 

January 24 

Darlcy Main, Worslm/, Barnsley 



76 

1849 

South Wales 



62 

1860 


South Wales 



13 

I860 

November 11 . 

Houghton 



26 

I860 

December 15 

Rawmarsh .... 



61 

1861 

March 16 

Nitshill, Scotland 



61 

1861 

August 19 

Washin^on .... 



28 

1861 

October 31 

Killingworth 



9 

1861 

December 20 . 

Warren Vale Colliery, Rotherham 



62 

1862 

May 

Hebburn .... 



23 

1862 

South Wales .... 



66 

1852 

December 22 . 

Elsecar, Low Hemingficld, Barnsley 


6 

1863 

March 24 

Ince Hall, Arloy Mine, Wigan 



68 

1863 

April 26. 

Old Park Colliery, Oldham 



11 

1863 

July 1 . 

Bent Grange Colliery, Oldham 



20 

1864 

August 22 

Hemingfield, Barnsley . 



6 

1866 

Middle Dnifym 



68 

1866 


Cymner Colliery . 



114 

1867 

February 19 , 

Lnndbill, Barnsley 



180 

1868 

South Wales .... 



10 

1868 

. 

South Wales .... 



12 

1860 

Januaiy 16 

Charles worth’s Colliery, Higham 



12 

1860 

March 2 . 

Burradon Colliery, Newcastle 



74 

1860 


South Wales .... 



14 

1860 

December 7 

Risca, South Wales 



130 

1860 

December 20 . 

Hetton 



22 

1861 

March 6 . 

Lynnyshaw Pit, Worsloy, Lancashire 


— 

1861 

• • • 

South Wales .... 



13 

1862 

March 

Gothin . • . . . 

, 


1 

1862 

Dopomber 8 

Edmunds Main, Wopsbro’ Dale 



69 

1862 

April 4 . 

Suowhill Pit. Chapelt own 

• 


1 « 
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October 17 


June 

December 12, 

Deceml)er 13 
May 2 . 
November 8 
November 11 
August 17 
September 80 
November 26 
December 21 
Doc'ombor 30 
Jfinuary 7 
January 29 
February 9 
February 10 
April 1 . 
May 25 . 
Juno 10 . 
July 21 . 
October 22 
November 1 1 
November 15 
February 4 
February 14 
March 3 
April 9 . 
July 24 . 
August 10 
August 26 
January 10 
February 27 
September 6 
September 20 
November 15 
November 22 
November 25 
March 28 
October 7 
November 14 
December 2 
December 11 
December 21 
October I 
November 21 
March 2 
April 1 4 . 
July 18 . 
August 24 
November 20 
December 24 
January 5 
January 6 
Febniaiy 3 
April 80 


Name of Colliery 


Washington .... 
Gwendx^th, South Wales 

Coppul 

Swaosea .... 
Jaoe Pit, Houghton 
No. 2, Clay Ohosb Coal Atro Ibon 
S outh Wales .... 
Bodwelty .... 
Victoria Pit, DukinOeld 
Ardbloy Oalu, Barnsley 
Highbrooks .... 
TaDL-o’-th’-Hill . 

Oympenner, Aberdare . 

Ferndalo Colliery, Wales 
Hurner-hill Colliery, S. Stafford 
Sivan-lane, Bindley, Lancaehire 
Green Fit, Buabon, Wales . 
Hindl^ Green, Lancashire . 
Norley Hail, lAncashire 
Queen Pit, Haydock, Lancashire 
Raiuford Colliery, Lancashire 
Springwell, Durham 
Fforohaman Colliery, Aberdare 
Woodshuts, Staffordshire . 
Highbrooks, Lancashire . 
Cwnnantddu, Monmouthshire 
Ferndale, Wales . 

Queen Pit^ Haydock, Lancashire 
Newbury, Frome, Somersetshire 
Hendretorgan, Swansea Valiev 
No. 5 Pit, Mobs Coal Co., Wigan 
Pendleton Colliery, Salford . 
Morfa Colliery, Swansea . 
Dukiufiold Deep Pit 
Bathgate, Scotland 
Llausamlet, Wales 
Brynn Hall .... 

Wigan 

Ronishaw, Eckington 
Carr House, Rotherham 

Wigan 

Wigan 

Wigan 

Norwood, Xillamarsh . 

Tankeraley .... 
Bolton, Lwcadiire . , 

Morley, Dewsbuiy • . 

Folsall, Staffordshire . 

Festherstone 
Norley, Wigan . , 

Silvoraale, Staffirdshive 
Silkstone Main, Barnsley 

Wigan 

Blantyre, Scotland 
Dukiu&eld .... 
Wigan ..... 

Hanley 

. Rawmarsh .... 

. Staffordshire 

. Aldwarke, Rotherham . ^ 

. Duflfrm Dudley . . 

. Longuen .... 

. Talk-o’-th’-Hill . 

T 
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CONCH 


B 

Date 

Kime of OoUiny 

Ko. 

lost 

1875 

May 17 . 

Kilsytii, Scotland . . . • . 

2 

1875 

June 2 . 

Little Lever, Bolton .... 


1875 

June 80 . . . 

Bowling 

3 

1875 

July 1 . . 

Dewsbury 

4 

1875 

September 11 . 

Donnington Wood 

11 

1875 

October 7 

Bedminster 

4 

1876 

December 4 . 

Tredegar, Monmouthshire 

20 

1876 

December 6 . 

Swaithe Main, Worsbro’, Barnsley 

140 

1875 

December 6 . 

Pentryel, Wales 

12 

1875 

December 9 . 

Methley 

6 


Barnsley Chroniols^ December 11, 1875. 


OOXiOraoirT* The resinous substance which remains when turpentine or pine 
resin is heat^ till the volatile oil and water are evaporated. ColophoT^y album is pale 
yellow and transparent^ C. commune is brownish yellow and translucent. It may be 
obtained nearly colourless by distillation with steam. Ma.bt considers A*om results 
obtained by him that the principal constituent of colophony is a resin-acid, having the 
composition — Watts’s Dictionary of Chemistry. 

OO&OVmBB FZM8. See PmoTBCHirT. 

OOXiUaCBZTB. This mineral has been found )‘ccent1y at the mica mines in 
Mitchel county, and in Yancey county near Burnsville, in the State of North Carolina. 

An examination of the columbic acid minerals from new localities has beeu made by 
Mr. J. Lawiuwgb Smith, Louisville, Ky. He gives an analysis of coluuibiLe as 
follows : — 


Columbic acid . . . . 

Maralvo 

. . 80*82 

Crystals 

8006 

Tungstic and stannic acid 

. 1*02 

1*21 

Protoxide of iron . , . . 

. 8*73 

14*14 

Protoxide of manganese . 

. 8*60 

5*21 

Oxide of copper . . . . 

. . . trace 

— 


99*17 

100*62 


A columbite from Colorado associated with gigantic crystals of Amazon stone 
gave— 

Columbic acid 79 '61 

Iron protoxide 14‘14 

Protoxide of manganese 4*61 

Loss by heat *50 

98*86 

Bamabsmitb, EuxmnTB, HATCHFiroLm (a new columbate), Boobrsit^ and 
FaBaosoKiTB were all examined by the same chemist, and he is continuing the 
enquiry . — Egaminaiion of American Minerals, by J. Lawbehcb Smith. 

CmmniVM. (Vol. i. n. 903).— TJUrTA&VM. (Vol. iii. p. 969). Comftmnds 
farmed with mtrcgon and with carbon . — Jobt has made experiments 'with the com- 
pounds of these metals, fbrmod by reducing at high temperatures their oxides in 
carbon crucibles. Hea^ to the temperature of the fusion of nickel for six or seven 
hours, long nolet grey brilliant needles were obtained, which proved to be a mixture 
of carburet and nitride of columbium. One product, of a beautiful bronse-yeUow 
colour, obtained at the temperature of melted steel, contained only 0*7 per eeut 
nitrogen. 

00 MF 083 W 0 IfACBnra, TTPB. See Primtihg. 

CO jrCBf nUB ULBOB. 2Hionvar/effatMm(f). This kind of fish is cf two ecuts, 
distinguished by the thickness or thinness of its shell. It is found largely in the 
Bahamas. That conch with the thinnest shell is gonenilly the largest, and the othff 
is the most TOnderous. The outside is of a brownish white, stimded at uncertain 
distances witn blunt knobbed protnbersnees. 

The inside is finely TOlished, and its colour near the extremity is of a pale vedf 
farther in of a deep maiuon’s blush. 
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rhe head of the fleh ia guarded with a black horny beak ; thia being extended out 
ef the diell and fixed in the aand, by a atrong muacular motion draga the fish with ita 
oumbroua weight of ahell after it It is thought that the conch feeds upon lesser 
sbell'fish, but outside the ahell a fine whitish moss grows, upon which the fish often 
feeds, so that if it does not rely upon other sources for sustenance, it always carries, 
at all eyents^ some part of its food with it The broad-lip^ conch has, as its name 
implies, a very wide mouth, with its lips much expanded. The first circumvolution ot 
this takes up the greater port of the shelL The large brown conch is four inches 
long and about half as broad over the middle. The colour of this is of a shining 
brown, and the slip or mouth on each side is dentated. 

OOVOBf BIKAAK. {Conoha VMoris alba). These are often not a quarter of an 
inch long. They are not unfrequently oalled rice shells, and they very much re- 
semble the grains of rice at a distance. Many exquisite examples of shell work are 
made of these shells. 

In 1872 the value of the conch shells exported was only 170^. In 1867 this export 
IS said to have been of the value of 6,3611. ; for 1876 there is no return. 

OOirzraKXX’. The glucosido contained in the cambium of coniferous woods. It 
is used fur the production of the artificial vanilin. See Vakilin. 

COPAJb om. (Vol. i. p. 908 ) In addition to the information given in the 
article in the first volume respecting the common gum, the A^can gum-resin is 
especially noticed. The Zanzibar copal is stated to be the product of TVaehylobium 
Honteraannianum, and the Madagascar variety of some variety of the Hynmata, (See 
Ireasury of Botany, Part i.) 

Copal trees are found m large numbers on the East Coast of Aftdca, and cover ex- 
tensive Irictb of country to the eastward of the Waslungi range of mountains, from 
the Mann Hills to the southern extreme of the range near Kilwee, from Lititudo 
al>out 0° S to 9° 8., longitude 39° E to 39° 46'. This district is not the only one, 
but It appears to bo tho principal field of labour known at present. The gum copal 
proper ot this district is found at a depth of from three to five feet below the sur- 
lace. It has lx en c]ected from the trees at some indefinite and unknown distance ^of 
time. These tioos have probably long ago decayed, but from existing ones gum stHl 
i.«!Sues, thoiigli of dll inferior quality. 

At the foot of tin be mountains the copal trader, with his gang of slaves rudely 
armed, is to bo found working at tho diggings, filling baskets not only with genuine 
gum-resin, but with much that is added to deceive— such as clogged sand, now gum, 
and a large amount of the burnt and charred copal which has been at somo timo or 
other destroyed by surface fires passing over the sand. When all their baekets are 
full, the gangs may bo seen making their way across the country, through many a 
mangrove swamp, to the A'anuus towns on the sea-coast, where live the Indian 
dealers who buy up tho tho rough collection. When a sufficient quantity is obtained, 
the dealers forward it in loads to Zanzibar, for sale to the European merchants. 

The process of cleaning the copal at Zanzibar for the Indian and English markets is 
as follows: — It is first placod in large tubs containing strong solutions of potash and 
lime, where it remains for several hours, until cleax^ of sand and dirt. It is then 
placed in baskets, ready for being picked. Gangs of from two to three hundred 
negroes, varying in age from 8 years to 40, may be seen in the copal stores of the 
merchants of Zanzibar, sitting in rows on the floor, with four or five small baskets 
round each negro. From one of the baskets they pick the various sorts of copal, 
placing them in separate ones, and rejecting what is not gum copal. When each has 
completed his task he takes the filled basket to a more experienced hand, who repicks 
it, and thus it is separated into its various aorts. 

COWnt AUbOW* Comportment of, under the action of the hlowpepe. 

Copper and tin unite under the influence of the reducing fiame with a grey and 
partially malleable lead, the surface of which in the oxidising flame becomes more 
or less thickly inemsted with cauliflower-like excrescences of oxid. 

Copper and etno do not unite per ae into a globule ; the zinc bums into oxide. 
Under carbonate of soda they form brass. 

Copper and lead form a dark grey globule, which mav be extended on the anvil. 

Copper and ihallitm molt into a dark malleable globule.— Chapman on Blotopipe 
BeacHona, Phil, May , December 1876. 

AABAT OV. The constant loss of copper in the assay of the copper 
ores m Oomwall has been thoimht to bo duo to tho salt employed. 

llr. JoSBFR Eosmux, of Widnes, mode a series of very exact assays. Ho says : * It 
will be seen by the table hero given that ip no ease does tho quantity of copper found 
in the regulus along with what is contained in the slags oorrospond to the quantity 
round in the ore, while at the same time it is more than what is given in 

t2 
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“ di 7 ” assay. This, 1 think, is suffloient proof that some portion of the copper is lost 
withontthe use ofanv salt whatever, and must, I think, be put down to me volatile 
products formed in the fusion for rojgfulus. 1 am also inclined to think that some of 
the copper is lost during the calcining, by being carried off mechanically by the 
sulphur. 


Ko. of 
Semple 

Quality 

On, 

Dry Auey 

On, 

Wee Aany 

DifferenoG 

Besulne, 
Wet Aney 

1 

Purple ore 

40*875 

50 750 

0*875 

50 300 

2 

Yellow ore (sulphide) 

80*126 

31*000 

0*875 


8 

Do. 

17*825 




4 

Do. 

16*214 

17*000 

0*786 

16*855 

6 

Do. 

9*276 

9*750 

0*476 


6 

Do. 


Ml yi iM 

0*500 

11*746 

7 

Do. 

11*275 

11*726 

0*450 

11*500 

8 

Do, 

7*876 

8*452 

0*677 


0 

Do, 

8*180 


0*820 

8*410 

10 

Carbonate 

27*260 

27*750 


27*400 

11 

Do. 

19*510 


0*740 


12 

Do. 


28*750 

1*260 

27*725 1 


The Chemical News, xxxii., February 1876. 


oowwmaL ous aitd c< 


Produeium of Cojoper in the United Kingdom for 1874 a, id 1875. 
1874. 


Oountrlee, &o. 

No. of 
liluefl 

Ore 

Value of On 

Copper 

Value of Copper 
(Oompoundtd) 



Tone 

£ 


<f. 

Tone owt. are. 

A 

a 

a. 

EiroLAin). 











Cornwall . 

78 

40,455 

201,367 

18 

8 

2,770 

14 0 

249,26.3 

0 

0 

Devonshire . 

14 

12,826 

52,746 

0 

0 

016 

2 0 

282,440 

10 

0 

Cumberland 

8 

813 

8,663 

7 10 

56 

18 1 

5,060 

0 

0 

Lancashire ■ 

2 

935 

4,128 

5 

10 

75 

0 0 

6,760 

0 

0 

Cheshire 

1 

8,184 

6,475 

0 

0 

89 

9 2 

7,900 

0 

0 

Yorkshire . 

1 

1284 

2,608 

11 

0 

35 

0 0 

3,150 

0 

0 

Staffordshire 

1 

i 

2 

0 

4 

0 

0 2 

2 

18 

0 

Walus. 











Cardiganshire 

2 

93 

838 

5 

6 

5 

16 2 

522 

15 

0 

Carnarvonshire . 

2 

138 

632 

0 

0 

0 

12 2. 

866 

0 

0 

Anglesea . 

8 

4,925 

8,250 

0 

0 

135 

1 0 

12,150 

0 

0 

Merionethshire . 

1 

6 

45 

0 

0 

0 

15 0 

67 

0 

0 

Montgomefyshire. 

2 

84 

580 

0 

0 

6 

0 0 

670 

0 

0 

Isle of Man . 

1 

61 

289 

6 

4 

6 

a 0 

470 

0 

0 

Ibblamo. 











Sold at Swansea 











Ticketings . 

5 

8,776 

60,218 

10 

0 

716 

4 0 

64,440 

0 

0 

Wicklow 

3 

997 

4,120 

18 

0 

86 

10 0 

7,650 

0 

0 

Bflgttlus, Prteifi- 

■ 










tate, eold at 

Tickeivege . 

B 

100 

050 

0 

0 

74 

0 2 

6,600 

0 

0 

Tiital of the 











United Kingrlom, 
1874. 

no 

78,521 

336,414 

18 

6 

4,981 

11 8 

447.801 

8 

0 
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SmiLASCD. 

Ournwall . 

Devonshire . 

Cumberland 

Lancashire . 

Cheshire 

W^LBS. 

Cardiganshire 

Caniarvonshire . 

Anglesoa 

Merionethshire . 

M ontgomery sh ire 

Ibrland 

Regulus, Precipi- 
tate 4 c , from 
Cornwall and 
Ikivont>kire^ sold 
at Ttck( tings 



39.393 204,228 7 
14,097 86,398 7 

142 710 0 

1.373 8.296 8 

8,336 6,668 0 


79 395 10 1 

127 635 0 

4,612 9,224 0 


3.125 15,625 0 


Oopper 


Tons ewt. qrs. 


Value of Ck>ppv 


United Kingdom | 100 1 71,528 .{33,414 11 9 | 4,322 16 2' |888,984 0 ^ 


Summary of Produce from 1870 to 1876. 



UlYITBD KiNQDOX. 


124 

106,698 

487,861 

122 

97,129 

387.118 

117 

91,893 

443,788 

122 

80,188 

342,708 

119 

78,621 

336,416 

100 

71,628 

383,414 
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The Average Prioee, Produce^ and Standard qf the Cornish Copper 
Ores sold from 1670 to 1876. 


Year 

• 

Averago price 

Avorago produce 

Avorago standard 



a 

d. 


£ 

«. d. 

1870 


3 

0 

7 

98 

12 0 

1871 


18 

6 


99 

11 0 

1872 


18 

6 

64 

114 

17 0 

1873 


8 

0 

64 

110 

6 0 

1874 


6 

0 

7i 

97 

16 0 

1876 

6 

0 

0 

7 


0 0 


Imports of Copper ^ 1876. 


Principal countries from whioh 
Imported 


Ore 

Hogulus 

Old, for 
remanu- 
factnre 

TJn- 

wrought 
and part 
wrought 

Cop^ 

manufac- 

tures 

Sweden .... 


Tons 

432 

Tone 

Tons 

74 

Toiw 

51 

£ 

377 

Norway .... 


825 

— 

32 

110 

— 

Germany .... 


160 

— 

321 

49 

'»462 

Holland .... 


46 

11 

127 

— 


Belgium .... 


— 

330 

90 

16 

1,961 

France .... 


1,838 

124 


634 

50,184 

Portugal, Azores, and Madeira 


1,803 

612 

25 

— 

118 

Spam .... 


1,069 

4,690 

47 

50 

— 

Italy 


8.492 

206 

265 

4 


Greece .... 


21 

— 

— 

— 

— 

Turkey .... 


38 

— 

4 

1 


Algeria .... 


1,778 

— 

— 

— 

— 

Cape of Good Hope . 

British India (oxclusiyo of Ceyloi 


12,450 

84 

40 

43 



17 

— 

3 

44 

— 

West Australia . 

153 


— 

9 


South Australia 


4 

— 

22 

5,025 

__ 

VietdMa .... 


7 

— 

13 

2,5.36 



New South Wales 


127 

88 

— 

3.784 



British North America 


8,737 

332 

18 




United States of America : 

On the Atlantic . 


198 

646 


56 

2,096 

On the Pacific . 


641 

803 

— 




Spanish West Indies . 

Mexico .... 


335 

73 

9 

10 



1,678 

— 

1 

15 


Bolivia .... 


2,702 

1,186 

— 



Chili .... 


10,314 

24,181 

93 

25,119 

H 


Summary of Imports qf Copper ^ 1876. 


Dncnption of Copper Quantlil^ 

_ Tone 

Copper ore 63,063 

„ reguluB 82,900 

Old copper fSor remanufat'ture 1,497 

Unwrought aud port wrought 30,728 


Copper manofiMtureB . 


Value £72,670i 






















CQPFW. 

T%e Thiol Quantitw of British and Foni^n Coppor Otm, J^ulus, ^c., smdMlf 
and Copper produced m EiraukKD emd Visum in 1876. 

Toni 

Total copper ores of the United Kingdom 7l«628 4,828 

„ foreign and colonial ores, &c., sold at Swansea Ticketings 16,204 ^743 

_ „ ores and mvate purchases . . 70,212 lo.l40 

* ' „ pyrites p^uoing copper (see Ptbitbs *) • • i • 480,000 0,600 

638,034 33,806 


British Copper exported in the Year 1876. 


Piinolpal countries to whioh exported 


Un- 

wrouttbt, 
In brloka, 
pigs, &o. 

Mixed or 
yellow 
metal 

Wrought 
copper of 
other lOrte 

Total of 
British 
oopper 
(exoluslve 
of ore) 



Tons 

Toni 

Tons 

Tom 

Kussia : Northern Ports . . 


420 

126 

1,267 


„ Southern Ports . 


14 

— 

869 

378 

Sweden 


24 

223 

837 

684 

Norway 


2 

846 

102 

949 

Denmark 


32 

66 

68 

170 

Germany 


2,664 

995 

480 

4,129 

Holland 


2,022 

649 

860 

2,931 

Belgium 


1,340 

8,977 

264 

184 

1,787 

France • 


617 

78 

4,672 

Portugal, Axores, and Madeira , 


4 


194 

831 

Spam and the Canaries . , . 


81 


04 

269 

Italy 
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644 

2,460 

Austrian Territories . . 


20 

230 

86 

286 

Greece 


— 

34 

174 

208 

Turkey: European .... 


2 

8 

679 

689 

IP « 0 • • 


— 

3 

434 

437 

Egypt 

West Coast of Africa 


3 

119 

400 

612 



36 

29 

64 

British Possessions in South Africa . 


— 

39 

29 

68 

Mauritius 


4 

93 

13 

no 

British India ' Continental Territories 


198 

4,327 


8,604 

Straits Settlements .... 



240 

62 

♦ 338 

Java 


— 

131 

169 

800 

Philippine Islands .... 


— 

116 

21 

187 

China 


— 

177 

77 

264 

Hong Eoug 


— 


66 

778 

Japan . . . . ^ . 


— 

68 

1 


Australia : West Australia • • 


— 

12 

1 

13 

„ South „ 



42 

20 

62 

„ Victoria . . . • 


... 

180 

128 

808 

„ New South Wales . 


6 

867 

96 

469 

„ Queensland . . • 


— 

16 

8 

28 

„ ^mania . • 



84 

2 

86 

„ New Zealand . . • 


8 

71 

19 

92 

British North America . . . 


20 

696 

123 

748 

United States of America : On the Atlantic 
British West India Islands and British 

1 

266 

14 

271 

Guiana 


1 

61 

119 

172 

Foreign West Indies 



66 

204 

269 

United States of Colombia (New Granada) 

"7 

12 

22 

41 

Peru 



66 

42 

08 

Chili 



102 

64 

166 

Brasil ; 

• 

— 

119 

474 

698 


Importsfl, lint c»I insd to obtain tbs iulpb« wbWh ^s^eo^^ttsn 
ths bMsrstotnatsdfoir the copper It oontalas, wUoh Is Ism than t per esnt. and tUs yWdi a 
smaU quantity of lUTsr and often 
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Foreign Copper exported in the Year 1876. 


Oountrles to which exported 

Ore 

Reguloa 

Old, for 
remanu- 
faotore 

Un- 

wrought 

and 

wrought 

Copper 

nmuiufM)* 

tnree 

(value) 




Tuns 

Tons 

Tons 

Tons 

£ 

Russia : Northern Ports 



— 

— 

— 

1,620 


„ Southern Ports 



— 

— 

— 

21 

6,622 

Denmark . 



— 

— 



4,285 

Germany . * 

Holland 



98 

— 

— 

3,584 




— 

— 

— 

3,639 

— 

Belgium . 



— 

— 

— 

2,266 

463 

France 



208 

— 

9 

2,203 

200 

Spain 



— 

— 

— 

206 

— 

Italy .... 



— 

— 

— 

114 

146 

Austrian Territories . 




— 

— 

41 

— 

Turkey, European 
Wallachia and Moldavia 



— 

— 

— 

7 

70 



— 

— 

— 

1 

677 

British India: Continental 

Ter- 






ritories . 



— 

— 

— 

988 


1 Other Parts 

• 


1 — 

— 

— 

— 

139 1 


Summary of Exporie of Copper, as per Parliamentary Returns. 


Description of Copper 

British 

Foreign 

Copper ore 

Tons 

Tons 

396 

Unwrought, in bricks and pigs .... 

11,141 

1 1,082 

Copper coin 

71 

— 

Mixed or yellow metal 

13,877 

— 

Wrought copper of other sorts 

11,693 

— 

Old copper 

86,786 1 

9 

Copper manuf/ictures .... Value 

— 

£33,763 


South Africa.— Copper cxieta in various parts of South Africa. In the Ti-nnsvaal 
numerous native -workings are known, where ores of this metal have been wrought for 
years. Bat the cost of carriage to the coast, and the little demand for such an article 
for supplying the neighbourhood or the interior, has prevented any attention being 
tumea towai^s it. In the ohier rocks along the coast, from Natal to Port Elizabeth, 
veins containing copper ores are known to exist, and in one or two instances they have 
been wrought to some extent, but nowhere -with remunerative results. Punning north- 
ward along the coast to Namaqiialand, the country is again cupreous, and in the tract of 
country immediately south of the Orange river considerable attention has been turned 
to copper mining. In one instance in particular extraordinarily good results have 
been obtained. This is the deposit belonging to tlie Caps Coppkr Mihiho Compaht, 
and from which a loige profit has already been realised, and profits of about 80,000/. 
per annum are still (1877) being made in its workings. Numerous other smaller 
deposits have been and are still worked by the Cape Copper Compahv and other 
Companies. 

The rook in which these ores occur is ' gneiss,’ but the deposits of copper ore are 
of the most irregular nature, in no case partaking of the nature of mineral veins ; but 
in many instances the ores of copper appear to enter into the composition of the 
* gneiss ’ rock itself, as one of its integral mineral constituents. These ores require 
a very elaborate and hitherto too expensive a system of dressing, so as to concen- 
trate them to a sufficient degree of richness to admit of their bearing the cost of land 
carriage to the coast, and of freight to Swansea, for smelting. 

In other instances the ores occur in isolated patches in the rock, many of which are 
only of limited extent. The deposit of the * Ookicss Mine ’ is of one of these, 
but for its magnitude and richness it has far exceeded any other discovery in the 
neighbourhood, and although it has now been followed from surface to a depth of 80 
fothoms, it gives no signs of exhaustion. 

In the native territory of Bamsraland and Ovampoland, copper is known to exist. 
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and aotne quantities have been exported from the former oonntry through Walflech 
Bay. The country has, however, been very imperfectly investigated ; nor have there 
teen any fair facilities or hopeful inducements for the development of copper mining, 
on account of its unsettled state and the wars which are constantly recurring between 
the riVel tribes of Hottentots, Damaras, and Wamnos, but now that the country 
has been ceded; to the government of Oape Colony, tnere is every probability that 
mining Vill receive the attention it deserves. 

Javak.— The copper of Jamn is of excellent quality, and takes a foremost place 
amongst the various kinds offered in commerce : it is remarkably free from antimony 
and arsenic, and yields from 2^ to 12 per cent, of copper ; richer specimens are fro- 
qtiently found. The number or copper mines in Japan is large, but some of these are 
exceedingly small, some producing scarcely anything. In the year 1874 the total 
output of refined copper was 3,000 tons, but even this small quantity was the produce 
of more than 200 mines. 

The finost copper mines in Japan are the Ani mines, situated in the district of 
^kita. In 1872 they furnished 395 tons of fine copper, 106 tons of lead, and 1,101 lb. 
ot silver. These mines are still worked on the old Japanese svstem, the ore being 
got at by about 300 different adits, and the present proprietors snow little disposition 
to aMopt any improvements; but there it no doubt that if a more modem system of 
working were pursued the mines would lie much more productive. The veins of the 
Ani mines which run cast and west are rich in copper and po6r in lead, while those 
which run north and south are rich in lend and poor in copper. There is a copper 
mine in the neighbourhood of Osaka, and it is about the best specimen of a Japanese 
mine worked by native methods It is producing from 16 to 20 tons of crude metallie 
copper a month. This mine is so peculiarly situated in the mountainous district of 
Yamato, that it is doubtful whether the European method could be adopted hero and 
carried out so successfully ss the present nati\e style. The vein has a comparatively 
slight dip, and is worked at several levels, the lower one serving as an adit. There 
is no systematic plan of working, but wherever the orey parts appear tlie ground is 
worked, and those pnrts only. The levels are driven and the ore remoted by means 
of gunpowder, and the broken ore earned to the surface by men and women. The' 
vein consists of calcspnr, quartz, magnetic pyrites, iron pyrites, and copper pyrites, 
the pyritous parts varying in width from 18 inches to 3 feet or more, occasionally 
being split into two veins, and often ending abruptly. 

The following analysis of a crude copper from Washin may be taken as fhirly 
representing the average composition of good qualities of Japanese crude copper 


Copper 

Load 

Sulphur 

Iron . 

Silver 

Arsenic 

Antimony 


98 940 
trace 
'947 
•101 
trace 
trace 
absent 

99088 


Mr. GoWLANn says that Japanese copper, when properly selected and refined, 
should be of high value for olectrO'telegrnpInr purposes, whore freedom from arsenic 
and antimony is espwially required, these nictais when present reducing the electric 
conductivity to a serious extent, 

^ Osaka is the chief depAt for Japanese copper. There seems no special reason why 
It should be so now, but it arose from the fuct that Osaka was the first place whore 
were was a good refineiy. The principal foreign market at present is Calcutta. It 
M Mtimated that by the present mative method of getting the copper, each ton coats 
* include freight to seaport o^r other market. 

The following is a list of provinces producing copper not already mentioned ; — 


Yeehiaen 
Setau • 
Beudai . 
Ugo 


ProTinos. 


Ba^ma, Tamba, Bingo, and 
Kii 


Olan of ore found. 

Old and laige mines, producing the best copper. 
Excellent copper, out of copper pyrites. 

Good copper, out of copper pyrites. 

Good copper, out of copper glanoe and copper pyrites; 
contains silver and ^Id. 

Out of grey copper ore and pyrites containing gold. 
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Provtnee. CImb of ore found. 

Tyo Oood copper, out of geej copper ore and copper 

pyritea. 

HingaandAva . . . G^d copper, out of grey copper ore and copper 

pyritea, containing gold. 

Toaa, Bishui Mine, and Yechin Go(m copper, Out of copper pyritea ; grey copper ore. 
Twanii, Yechigo, Omi . . Old and large minea, containing gold and ailvar in 

conaiderable quantitiea. 

Sado, Wakasa, Kai, and Eaga Good copper, out of copper pyrites, containing gold. 

Taaima GKx)d capper, contains silver. 

Chikuzen, Twashiro, Kiknshiu, Out of ^e copper pyrites, containing some gold. 
Tnaba, Hida, Tdaumo, Toi, 

Mimasaka, Suwo, Masasbi, 

Kotsuk6, Noto, Shimotaake, 

Aki, and Bungo 

Buaen, Higo .... Out of copper pyrites. 

Maobixam. — C opper is said to exist in quantity in the colony of Punta Arenas or 
Sandy Point, in the Straits of Magellan. Mr. BuiisoLD, the British Minister at 
Santiago de Chile, in his yearly report, draws attention to this. 

Nbw South Walbs. — Native copper has been found in New South Wales in asso** 
ciation with cuprite, malachite, and other oxidised copper ores, as at Carcoar, the 
Canobolas, Wellington, Mitchell'a Creek, Bathurst, Fink's Creek, Bell Bivor, Peel 
Biver, Manilla, Bingera, Cobar. It occurs in smaragdite on Molong Creek, at Peelwood 
with lead ores. The late Mr. Stutcububt reports that at Eellowiels the well-water 
was found to be so impregnated with copper as to be unfit for domestic purposes. 

Malachite . — Green carbonate of copper occurs massive, also mamillated and botry 
oidal with fibrous concentric structure, the various layers often possessing different 
shades of colour, and forming a most beautiful and valuable stone for ornamental and 
inlaying purposes. Crystals are occasionally mot with, and sometimes of large size ; 
those ^m the Cobar Mines are particularly beautiful. The silky lustre is often yexy 
remarkable, the capillary ciystals sometimes being several inches long. 

It is found in most of the surface workings of New South Wales copper mines, as 
in the Bathurst district with chlorite, vitreous, yellow, and other copper ores ; at 
Cambalong earthy and fibrous malachite is associated with baiytes or heavy spar, 
and with yellow and peacock ore ; at Cobar, with steatite ; Mib^ell’s Creek, Wel- 
lington, mixed with other surface ores, and often containing larm quantities of gold 
and silver ; Beedy Creek, Icely, Foolwood, Yass, Bingera, and other places. 

Professor Abcuibald Litebsiimie, in a paper read before the Boyal Society of New 
South Wales, gives the following list of varieties of copper ore found, and the localities 
in which it is found in that colony : — 

Lojalltiei. 

r Cobar, Clarence Biver, Bathurst, Mitchell’s Creek, 
Cuprite ^copper suboxido) . I Wiseman’s Creek, Carcoar, Icely, Burrows, 

Ch^ootnolute (plush copper) 1 Molong, Manilla, Bungonia, Yoss, Peelwood, 

Bingera. 

Tenorite (black oxide) . . . Carcoar, Wellington, Icely, Peelwood, Burrowa. 

Malchite (green carbonate of cop- Bathurst, Cambalong, Cobar, Mitchell’s Creek, 
per) Wellington, Icely, Beedy Creek, Peelwood, 

Bingera, Yass, and other places. 

C!heB8ylite\ (blue carbonate of /Cobar, Woolgarloo, South Wiseman’s Creek, In- 
Azurite j copper) . . verell, Bathurst, Ophir, Peelwood, Icely. 

Ataeamite (hydrous oxide of copper) Cobar and Cowra Mines, 

GhiysooUa (hydrons silicate of Coombing and Cobar. 
eopper) 

Pho^owoite (hydrons phosphate Coombing Copper Mino. 
of eopper) 

Bedmthite (copper glance) • . Cobar, Manilla Waters, Wellin^n Caves, Well- 

bank, Carriangullong, Bathnrst, S^roombit, 
Icely, Carcoar. 

Bormite (pnrple ore) . • . Cobar, Bingera, Wellbank, Wellington. 

Fahlen (grey copper ore) . . Copper Hill, near Molong. 

Ohalcop^tee (copper pyntes) . In nearly all the niotalliferDUS districte of the 

colony. 

Boll-metal ore . • . • Cobar. 

Domeykite (arsenical sulphide of Bathurst District, 
eopper) 

Antimonial copper ore . • • £den. Twofold Bey. 
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The Produoe of the Colony of New South Waht, 





OOPPBR 

Coppxa Ons 

Total valtio 


Quantity 

Value 

Quantity 

Value 

1805 

Tons 

205 

£ 

29,491 

Tons 

1,648 

£ 

7,864 

£ 

37,346 

1866 

304 

23,390 

947 

4,745 

28,185 

1807 

206 

10,866 


15,450 

36,316 

1868 

815 

21,420 

3,151 


34,200 

1869 

324 

21,446 

1,487 


26,846 

1870 

297 


84 

336 

20,396 

47,276 

1871 

665 

47.231 


44 

1872 

419 

36,770 

1,466 

17.873 

54,648 

1873 

150 

14,500 

6,877 

142,126 

166,626 

1874 

3,638 

311,519 

— 

— 

311,610 


6,826 

658,193 

21,897^ 

249,283 

807,476 


New ZKA.iJLNn. — Copper pyrite«i is found in Garrick, Otago, containing 13'6 per 
cent, of metallic copper. It i*i also £>und at Arrowtovn, giving 11 per cent, of 
inr'tiilhc cupper, and at Moke Creek and at Waipori ; the latter is stated to contain 
gold. 

Ambhica .— Ore of Lake Superior.— Tlio copper of the Lake Superior mines 
is now tolerably familiar to all, but tbe mode of occurrence is not so well known. 

The specimen from which the drawing, /y. 2311, is copied was from a vein running 
across the centre of Michipicoten IsLind. The metal occurs, as shown, in nuggets, 
racing considerably in size, scattered through calcspar veins. ' 

The West Canada mines are the most important. The following account of them 
was prepared by the Geological Survey of Canada These mines are situated on 
the Bruce, Wellington, and Huron Copper Bay Locations, which adjoin one another, 
the Bruce being the most easterly. Work was begun on the last named in 184G, 
and has since been gradually extended westward, across the Wellington and on 
to the Huron Copper Bay, the whole length of the workings comprising nearl^r 4 
miles. The veins are of white quartz, cutting, with a westerly bearing, a thick 
bed of dark green, finely crystalline diorito, associated with what is locally called 
the lower slate conglomerate of the Hurouiau series. On the Bruce location several 
nearly parallel veins of a similar character were opened, the main one having a 
thickness of about 4 ft., but on tlio othor two locations operations have been con- 
fined almost entirely to two master veins, known as the fire lode and the new lode. 
These lire aliout of equ il size and vary 
from 4 to 20 ft. in width, averaging in 
the parts wrought 10 to 15 ft. Near 
the surface, especially on the Bruce 
location, a good deal of purple or horse- 
flesh ore was found; but, in working 
down, this was soon replaced by the 
yellow sulphide in all the veins. On 
tlia Bruce location a great number of 
shafts were sunk, but all the workings 
were between the surface and 80 fa- 
thoms, while on the other two locations 
they extend a little below 60 fathoms. 

On the course of the new lode on these 
locations, an almost barren floor has 
been met with nearly all along between 
the 40 and 60 fathom levels, but the 
vein maintains its strength, and it is 
believed that below this flo(.r it will 
prove as rich as it is above it The vein- 
matter brought to the surface appears 
to contain on an average about 5 per 
cent, of copper ; but this is all crushed 
and very much concentrated for ship- 
ment to England. Beverberatoiy smelting fbmaces were erected by the Momtbxai. 
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Company in 1853, but afterwards abandoned. In 1800, 1870, and 1871 the present 
owners erected extensive and costly works for reducing the ore by Lonomaid’s or 
Hbkdbbsoit's wet process, for which cheap salt could be obtained from Goderich, 
Kincardine, &c. ; but, owing to the want of skilled overseers and workmen, the 
operation could not be carried on satisfactorily, and the company are again exporting 
all their ores. 

The table below, compiled fi^m authentic sources, shows the results of the 
working of these mines up to 1876— a period of 30 years. The total amount of 
the sales of the copper ore and copper to ^s date has been about 300,000, and 
this has afforded a good average profit. 


TahU akowmg the Amount of Copper Ores and Copper sent (prineipnUp to Great Britain) 
from the Bruce, Wdlington, and Huron Copper Bay Locations from 1847 to 1875, 
both inclusive:-^ 


Tear 

Location 

Kind 

Per oent. 
of copper 

Tons of 

21 owt. 

1847 to 18S7 







laoluaivo . 

Bmoe .... 

Tollow. variegated and vi- 





troous sulphides 

. . 

1800 

2,766 

I80S . 

Bmoe and Wdlington 

Do. 


Do. 

21-94 

1,077 

1888 . 

Do. Do. 

Do. 


Do. 

21*86 

1,684 

1860 . 

Do. and Hnron Copper Bny 

Do. 


Do. 

20-60 

2,061 

1861 . 

i 

Bmoe (tons) 472 ) 

Wellington . . 1,176 \ 

[h. 0.Bay . .418) 

Bmoe (tons) 880 \ 

Tollow, with a little of the 
others .... 

10-00 

(average) 

2,060 

1862 . 

■ 

Wellington . . 1,277 \ 

Mostly copper pyritos . 

19-66 

2,726 



H. 0. Bay . . 1,089 ) 




(avernge) 

1868 . . 

All three combined . 

Nearly^all do. 



20-00 

S,168 

1864 . 

Do. 



19-48 

2,940 

1866 . 

Very little from Bmoe 

Do. 



2124 

2,834 

1866 . 

Do. 

Do. 



20-00 

8,640 

1867 . 

Do. 

Do 



20-00 

2,742 

1868 . 

Wellington and H. C. Bey 

Copper pyrites 



20 00 

2,804 

1869 . 

Do. Do. 

Do. 



19-60 

2,180 

1870 . . 

Do. 1)0. 

Do. 



18*76 

2,162 

1871 . 

Do. Do. 

Do. 



19-00 

1,731 



Pyrites . 


1,108 

about 18*00 

1872 . 

Do. Do. 

Precipitato . 


13 

„ 80-00 

1,906 



Ingots . 


126 




Pyrites 


1,212 



1878 . . 

Do. Do. 

Hla^ . . 

Predpitate . 


82 

49 

„ 10-00 
„ 80-00 

1,818 



Copper 


26 

„ 100-00 

1 

1874 . . 

Do. Do. 

Pyrites . 



„ 18-00 

893 

1678 . . 

Do. Do. 

Do. . 



„ 18 00 

698 



Total 

9f 

Quntlty . 

• • 

40,616 

•8,800,000 


Hunoo . — Copper Ore, Pitchy . — This mineral is introduced in large quantities from 
Mexico into laverpool, and was incorrectly entered as pi tchblende. It occurs thoroughly 
Intermixed with coxysocolla, is a dark brown colour, almost black ; hardness 4*0. 
Analysis by W. M. Hutokinos: — 








Poroont. 

Silica soluUe in Na*Co* 






20*68 

Pilica insoluble in „ 






7*35 

Oxide of 






28*69 

0*41 

„ iron . 






10*94 

Alumina . 






0*15 

Oxide of manganese . 






17*58 \ 

Oxygen . 

Oxide of cobalt . 






3*60/ 

0*36 

„ sine . 






1*54 

Ltaio 






0*92 

Watsr 






8*80 







100*31 


Chemical Neuis, September 20, 1876. 
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FBUS 8 iA.--Cb 7 ) 2 ’^ Ort Produeed in Prussiat 1873 


FnvlnoM 

Weight of on 
eztxaoted 

Yaloeper 

ton 

Silesia ■ . • • ■ • . 

Saxony 

Hanover 

Westphalia 

Hessen Nassau . 

lihine Provinces 

■n 

Franos 

9.40 

33.50 

86.48 

8.18 

26.10 

81.27 

Total and mean product of 1872 

/ 286,009 
\ 278,347 

81.26 

81.16 

Increase 

6,662 

0.10 


l,eiUchr\fi fur das Berg-, Iluttsn-, und SaUnm-Wesen tm 
Preuasisohen Staate, yol. xxii. 1874. 


COPFSS PB08PKZDB. Phosphorus bronise is used extensively in several of 
the large German bronze-casting houses, on a larger scale, indeed, than in this country. 

U. ScHwauz says they prepare the copper phosphide by putting sticks of phosphorus 
into crucibles containing the melted cupper. To avoid the too ready combustion, the 
sticks of phosphorus are coated with a firm layer of copper by placing them in a solution 
of sulphate of copper. The quant ity of phosphorus penetrating the bronze is very small 
— half a per cent, is said to be sufficii'nt. Whore much phosjuhurus is wasted, it is pro- 
posed to fill a clay tube closed at one end with sticks of phosphorus coated with 
copper, or with powdered rod phosphorus, and placing the open end of the tube into 
the melted copper. It the tube is pressed to the bottom of the melted met&l, the 
fumes can escajfie only by pu'^sing through the mass. 

The phosphide of copper is also easily obtained by lining a crucible with bone 
ashes, silica, and coal, adaing ^anulated copper, and covering it with a layer of the 
same mixture. At a strong fusion the silicic acid acts on the phosphorus, tsiking away 
the base. The phosphoric acid is reduced to phosphorus, and this is ab^bed by the 
copper in the same degree as it is formed. — JJingl. polgt. Jour, ccxviii. 

oown, VZTGST. 8oo Cofpbr, Mexico. 

OOPFBB PTBlTaa. Chulcopyrites is a very abundant ore in New South 
Wales. It usually occurs massive ; occasionally crystals are met with, but they are 
generally but imperfectly developed. Blister ore is more of a bronze colour, and 
occurs in mammillated and botryoidal forms. The tarnished Variety of copper pyrites, 
known as peacock ore from the splendid colours which it acquires, is very common. 

It occurs in nearly all the metalliferous districts in the colony : at Cooar, Bingera, 
Elsmoro, Clarence, Wiseman’s Creek; Wellington and Bathurst Districts, with zinc 
blende, steatite, quartz, and asbestos , Wallabodah, Carcoar, Cargo, Ophir, Peelwood, 
Tuena, Bungonia ; at Ciirrowang, on the Shoalhavon ; Adelong, with gold ; at Lob’s 
Hole, on the Tumut ; Kiandra. 

OOVMUTBS. (Vol. i. p. 948.) The following analyses were by Mr. John 
Huokbs, P.C.8., of the Chemical Manun Works, Deptford, a and b were samples of 
Cambridge coprolile, c was a sample of Charleston phosphate — a phosphatic deposit 
which has been used with advantage instead of Cambridge coprolite fbr the manufacture 
of superphosphate : — 



By the usual plan, without 
evtipora Ion of the original 
add eolation 

After evaporation awl oom- 
ploto drywMB of the original 
^d solution 

Insoluble nlioeous matter • 

8*10 

8-70 


9-20 



Lime ..... 

42-70 

42 68 

42-08 

42-68 

42*66 

42-00 

Phosphoric acid , , , 

Eqiml to tribasic phosphate of 

26-90 

26-86 

2700 

26*60 

2S'40 

26*20 

hme . , . , 

68-72 

68 61 

68 94 

66*23 

66-46 

67*10 

I Silica left in magnesia phos-' 

, phato precipitate , . 

2-06 

1-66 

0-96 

0-30 

0 60 

trace 


Published in the Chsmieal News, No. 807. 
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Oo^litei and phofpliat!o nodules were prodaced by the foUoirlDg Arms and Indl- 
iidxiii » in this countiy in the years 1876 and 1876 : — 


CoproliUa and Phoaphatio Nodules^ ^o , . 


CamhridgeakirB and Bed^ardshira: 
Noble and Oo., Needham Market 
Pack ABO and Oo. {Or^ (joprolites) 
W. Colchester and Sons 
Messrs. Fisons and Co. 

Messrs. Chapman and Co. 

Messrs. Leveret and Oo. 

Messrs. Laws and Co. 


Herbert Fordam, Hoyston 
W. Wallis, Duzfbrd ' 

F. J. Carver, Whaddon, Koyston 

F. Smith, Mill Hou^, „ 

G. C. Colchester, Therfield, „ 
Charles Roads, Meldreth, „ 

H. Moroan, Whaddon, „ 

W. Wkston, Hitchin 


The total production of the above and otlior firms, as far as it has been possible to 
obtain information, was about 260,000 tons in each year, valued at 627,000/. 

OOltV DUXiat. The following description and figures fully illustrate the steam 
corn drier intKxluced by Messrs. Davrt and Paxman * — 

The grain comes into contact in this machine with pure hot air only, and steam- 
hoatod cylinders, therefore, however delicate its nature, it will receive no damage in 
colour or quality, an advantage which coflPee growers and merchants have already shown 
that tliey appreciate. As a malt drier this machine has proved itself most efficacious, 
whilst the larmer, whose wheat has by any accident got damp, may save his grain from 
sprouting by the inexpensive operations of this dnor. 






In the drawing, >^.2312 roprosonts a longitudinal sectinn of the apparatus, figa, 2318 
and 2814 the friint and back respectively, while Jig. 2816 is a section of the diving 
cylinder. The cylinder a a, which revolves on its horizontal axis, receives eteam from 
the boiler by means of the inlet, 7, and a small indiarubber tube ; the steam leaves the 
cylinder at its opposite end by the tube, h, which conducts the steam into a second 
cylinder, d, which is steam jacketed, and which surrounds the inner cylinder. The 
grain or other matter which has to be dried is fed into a hopper, i, f.ills between the 


fe(Kl rolls, which regulate the supply, and pssscs into the oom chamber, cr, wbiqh 
pommunicates directly with the free s^ce between the two steam-heat^ cylinder!. On 
the outer surface of the cylinder. A, are fixed perforated helicoidal agitators, fitted 
with brushes. By the rotation of this cylinder the corn is directed towards the farUier 
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atfttkiij of the Appimlu*, and iUIs at th» nme time by iti cfwn flrarity againtt the 
Bdcond oylinderi p ; bdag thus snljeoted to the radiated heat of tAese tvo cyltndei«» 
and meeting, in addition, a current of hot air moving in a direction opposite to that 
of the com. An air chamber, n, surrounds the cylinder, d, cold air f^m the outside 
entering by a series of air hol^ b' b' s', dtc., 63 in total number, a draught being 
kept up by the fan, m, which is placed at the farther end of the apparatus, ana 
worked, by the driving pulley, p. The cold air drawn into the apparatus, at the 
openings, by the &d, is g^ually heated by contact with the outer surface of 
the steam cylinder, d, and is then forced by the fan into the space, c, whence it 
passes into the tube, n, which is the outlet fur the dried corn. The outlet pipe, 
0 , serves as an outlet for the condensed steam, which is returned by a fleziUe 
tube to the water tank, the feed water being thus heated ; the other for the vapours 
caused by the process of drying; a safety vali-e is also placed on the cylinder, 
n ; L is the hot-air inlet, the onflco by which the hot air finds its way into the cum 
chamber, c. 

Id Jiff. 2313, ▲ and d represent the outlets for steam ; b is the toothed wheel, which 
revolves the cylinder n, and c the hopper. 

In>^. 2815, A is the internal cylinder; b b are the perforated agitators; c the corn 
chamber, in which the drying takes place ; D n is the second cylinder ; b is the air 
chamber, and f is a support for the small axis. 

The length uf the cylinders is 12 ft., the inner cylinder is 12 in. in diameter, driven 
by cog gearing 14 to 104, the spindle making 84 turns a minute. The proportion of 
fuel required was found, by experiment, to be 1 lb. of coal to 2 bushels ox corn, soaked 
over night with 14 lb. of* water. This was dried at the rate of 80 bushels an hour, 
the pressure of steam in the cylinder being kept under 5 lb. to the square inch. The 
corn in this experiment was not completely desiccated till it had been passed twice 
through the drier, but all ordinary dampness would, it is evident, be removed at a 
single operation. This usefiil apparatus is constructed by Davby, Paxvan, awd Co., 
of Colchester. 

COauiTBirM. (Vol. i. p. 953). Ehebt, vol. ii. p. 264. Mr. C. W. Jbnxs, of Boston, 
stated to the American Institute of Mining Engineers, that the chief sources of supply 
were certain districts in the Himalaya Mountains, in Hindostan ; that, as ihr as is 
known, the corundum was never legitimately mined in those districts, but it was 
picked up in the river valley, where it was washed by the annual rains. The amount 
of corundum obtained in this wav is small, not amounting to more than 20 tons per 
annum. Within a few years discoveries have been made of veins carrying pure 
eoriindum in the Western slopes of the Blue Bidge Mountains, in North Carolina. 
Those veins traverse Uie dykes of chrysolite and serpentine, and are mainly com- 
posed of chlorite and chloritic minerals carrying with them masses of corundum. 
Experiments have been made with this corundum at the Springfield Armouzy, and it is 
found, from its purity, to excel the Naxos emery. It is stated that this corundum 
can be put in the market, cleaned and graded for use, at the cost of 20 cents per pound. 

OOKAli&Zira. The name given to an artificial substance, somewhat resembling 
coral, which is made by combining camphor and gun cotton. See Fabxsiivb, vol. iii. 
p 616. 

COflTXA. The deposits overlying the caliche or natural deposit of nitrate of 
soda in Peru. 

OOTO BABX. Goto bark occurs in commerce in short pieces from 6 to 10 
English inches in length, some flat, o^ers slightly curved. It possesses a very power- 
ful aroma, and the taste is aromatic. The bark is very brittle, and, owing to the 
quantity of resin it contains, difificult to reduce to fragments. According to Witt- 
Btein, coto bark contains an essential oil, a volatile alkaloid, and a soft and a hard 
resin. The crystalline constituent of the Imrk amounts to 1 5 per cent, of its weight. 
The cotoin obtained forms yellowish-white crystals, Uie formula obtained being 
C«H**0«. ^ j * 

O Oyn r. An alksloid found in coto hark. See Coro Bark. 

Ooraow. The United States — the greatest cotton-producing country in the 
world— it might have been supposed, would have displayed in the greatest profu- 
sion and variety its native cotton at the Philadelphia Shi&bition. There was some 
very admirable cotton shown, but nothing like the completeness of display which was 
desired ; and especially do we miss a general and well-arranged illostration of the 
local vsrieties of staple. The main points in the histoiy of American cotton 
pTOdueiion for the last twenty years are pretty generally known ; a few years irome- 
oiately preceding 1860, a year of abounding prosperity among cotton plantero, with 
“■nd rapidly increasing production, until an annual crop of something like 

,000,000,000 lb. had been attained. The outbreak of civil war produced a svddeli 
lauing off, leading, b 1 663 and 1 864, to an almost complete arrest of cultivation. The 
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immense disadyantagM growing out of disorganisation of labour and the grievona 
ii^uxy inflicted upon the ditches and fences of previously well-tilled fields by foui 
years of neglect, Jed to a very irregular production. The struggles and difficulties of 
a people grtidually settling down to a new state of civil ezistenfie after the exhausting 
throes of deadly strife, naturally gave rise to the greatly diminished crops which 
existed for some years ; but greater stability has begun to m attained, and the annual 

f >Toduction of cotton has risen to almost its former imposing proportions. A much 
onger period is required for the education to habits of skilled, well-applied, and steady 
labour of the actual toilers in the field, still very far firom being controlled by the 
hi^er motives of thrift, foresight, and economy. 

The best general display of the cottons of the world at Philadelphia was made by 
Olbohouw, Hxbbino, and Co. This contained a large number of aamples drawn from 
American and other sources, ns well as many whole bales of some of the principal 
varieties. Some of the Sea Island long staple cotton was beautiful, a superb sample 
from Florida especially so, a State which shares with South Carolina and Georgia the 
credit of producing this finest and most valuable of cottons. Choice sarnies of 
Upland cotton were shown ; one variety from Texas, where cotton culture is now rapidly 
extending, and one from the Bed Biver, in Upper Louisiana, was of woH-mnrked cha- 
racter. The distinction between Sea Island and Upland cotton is well known, not 
only in the greater length and fineness of the former fibre, but also in its seed being 
black and smooth, the fibre coming off cleanly from it, in ginning, while Upland cotton 
seed 18 greenish and covered with short down, the remains of the adherent fibre which 
has been broken off. The ^neral belief of cotton planters, however, is that both are 
varieties — a superior and inferior— of the same plant, and that although Upland 
cotton planters near the sea coast cannot be made to acquire long staple, Sea Island 
seed, if sown at a distance from the coast, gives rise to plants which in one or two 
seasons at furthest degenerate completely into short staple, fibrous-seeded cotton. 
Some experiments made a few years ago appeared to show that Sea l8lBnd%tton in 
the interior, at a long distance — fifty or sixty miles — from all other cotton, would 
preserve its character through several gener.itions of seed, and suggest the possibility 
that the reversion usually observed may be more the result of hybridisution than of 
change of cliiii.ite and soil. As it is, the production of the choice Sea Island cotton is 
confined to an extremely small area. 

Amongst the most interesting cottons from other countries were some from India, 
illustrating the extent of improvemont attained by improved methods of cultivation 
and cleaning; veiy excellent specimens from Australia —Queensland — whose value is 
admitted to be on a par with that of America ; and some samples from the Fiji 
Islands and from Algeria, the last-named being of long, delicate, silky fibre, adapted 
for spinning the highest numbers of spool thre^. 

Becently, at the Manchester Scientific and Mechanical Society, Mr. Evak Lriob 
lectured on Cotton Mills. Many points of considerable interest were noticed; 
especially he alluded to ring spinning and belt driving, both of which were eminently 
calculate to save power and consequent waste of fuel. ICeferring to ring spinning, 
he said that it had been introduced into England as an American invention more than 
forty years ago, but for some reason it was not generally adopted by the English 
spinners. Perhaps that was owing to the then recent failure of the Danforth throstle, 
another American invention of great promise, that hod been adopted by several 
spinners. Although the principle of the two frames was totally different, the English 
spinner was not to bo caught again, so he fought shy of the ring frame, and it was 
believed that for more than thirty years not one frame on that principle was used in 
Groat Britain. The solid advantages of this method of spinning were, however, duly 
appreciated in America, and the system was cultiviited until the difficulties and exact 
mechanical requirements attending its construction wore thoroughly mastered, and 
the result was the production of a frame that took only half the power of an ordinary 
flyer- throstle, besides being capable of workii^ practically at a much higher speed. 
At the Laconia Mill, Biddeford, Maine, Mr. Lrioh saw. lust year, a girl mindiqg, 
apparently with ease, 1,844 spindles of these frames, witli the front rollers running 
seventy revolutions per minute, spinning No. 26 yarn, and found it quite common for 
such piercers to run 1,100 or 1,200 spindles with so little hurry, that they had plenty 
of time to avail themselves of a seat which was provided for each spinner, on which 
she sat and leisurely watched the irames spin. He (Mr. Lkior) did not think that 
this arose from superior ability in the American, but simply tlmt in foreign countries 
spinners are less jealous of one another, and band themselves together to discuss and 
test scientifically all alleged improvements. 

Going on to speak of the comparative advantages of belts and gearing, Mr. LnoH 
said that the proper aimlication of driving belts to the machinery was a moat im- 
portant qvestion. To be rightly applied, a main driving bolt should move through. 
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4,000 ov 6,000 of ipiM por minute, and be miftoieQtily iride to drive all the 
maohinezy and ahafting quite easily when running in a iIMe ftate* Mer a nev belt 
had been once tighteuM up, it should work many y^rs without wanting any further 
tightening, and would do so if made of good matenal and prg^ly apphed, saving iu 
the meantime a large amount of power and all the grease w labour of potting it on, 
to say nothing of the noise heavy gearing makes. He then adduced some practical 
instances of the extent to which belt power might be used in oonneotion with 
maohinet^. giving examples from the various mills he hud visited in America, showing 
the durability and ease with which large belts did their work. The lesson taught by 
the big belt was imperative, vie. that there ehould be very light shafting run at a 
very high speed, with larger drums and pulleys ; then very litUe would be heard of 
strap-piecing, or wear and tear of belts, working with less power and steadier pro- 
duction all the while. The simplest and best, and also the cheapest and most duraole, 
method of driving by belt waS to convey the power from the main driving shaft 
direct to each room by a separate strap, and if more than one shaft was wanted in 
any room to drive it from the other direct by a separate strap, apportioning the width 
of each strap to the power it was required to drive, and whenever a belt was neces- 
eorily short, allowing a little extra width. 

On this subject a series of papers (* Belting Facts and Figures,' by J. H. Coofbb) 
which have appeared in the Journal of the Franklin Insiiiute, should bo consulted. 
An article by F. H. Silsbbb, in the same journal (vol ci. pp. 101, 169), ‘ Cotton 
Mnnufiicture and the Bing Frame,’ merits attention. 

COVTOM FliAirT. (Bamia.) — The following has a peculiar interest. It is an 
extract from the Alexandria corre^ondent's letter to the Timea : — 

' Everyone knows the story of AL Jumsl. who, 60 years ago, walking in the garden 
of a Turk at Cairo, noticed how well a certain cotton tree flourished, and how he took 
away tlie seeds therefrom, and planted and replanted them until he founded the 
present cotton culture of Egypt. Well, it appears a Copt has now made a new 
departure ” of a similar kind. The results already obtained from the new plant are 
most extraor^nary. It compares with the old as follows:— An ardeb (270 lb.) of 
ordinary cotton seed sows on an average eight feddans (acres), and produces fou^ 
cantors (100 lb.) of cotton in seed — that is to say, the cotton with the seed inside ii 
as it comes out of the cotton pod. Taking this yield as the average, every ardeb 
planted produces 32 cantars of ginned cotton and about 24 ardebs of seed. An ardeb 
of seed of the new species sows, like the other, eight feddans ; but its yield is more 
than treUe, and has even been stated at fivefold. But my most trustworthy in 
formant only gives ten cantars per feddan, which I may odd is the amount taken by 
one of the leading firms as the basis of their calculations as to the effect of the new 
plant. They add that it is difficult to say exactly what would be the ordinary yield, 
as all returns hitherto are the result of exceptional culture on a small scale. On this 
calculation of ten cantars, each ardeb of seed would nroduce 80 cantars of ootton in 
seed— t^t is to say, over double the amount piodu^ea by ordinary seed. At present 
prioes each ardeb would return about 2402. in seed and cotton together, instead of 
962., as it does now. The new cotton, 1 am assured on the best authority, is of g(^ 
appearance, commercially speaking, and quite equal in quality to ordinary Egyptian 
cotton. The plant grows m a different manner to the ordinary ootton plant. It 
grows to about the height of ten feet, has a straight vertical stem, without branches, 
with very few leaves, and is thickly studded wiu pods. Seventy are said to have 
been gathered from the first plant discovered. The ordinary cotton is found on a 
shrub, some four to five feet high, with spreading branches. Nearly a yard must be 
left for air, light, and growing room between each shrub, whereas the new {dant, 
from the absence of branches, requires only half the space. This fret is of material 
importanoe with a view to its capabilities of production in a given space. It is called 
here Bamia opilpn, from the resemblance of the plant to a vegetable of that name,^ 
and the Arabs maintain that it is the result of a cross between the two shrubs. But' 
others n^ay it l^ts been brought from the Soudan, or ^uatorial Africa. Nothing, 
bowavor, is positivdy known. The history of its disoov^ is curious. A Coptrlivj^ 
in the upper part of the delta, at a place called Berket el S^’b (‘ Well of the 
a station on the Cairo Bailwsy)^ in the province of Menouf, noticed in the autumn of 
1878 a plant in a cotton field wholly different to the rest. He collected the pods, 
sepaistsAthe seed, ana planted it in secret in an isolated plot of ground. For three 
yeans ho ^ cairiM on the cultivation, and now there are sqid to be from three to 
four hund^ ardeni in the oouhtiy, and the seed is sold in public market. I am told 
gs 261 and even SO?, per ardeb is paid, instM of 12. All has been 
■ bou^t up, and the supply is ex^usted* ftippdsing that all these wonderfhl facts 
are true-^d 2 have them from good autbori&— a small rcvolutiou in our prospects 
VqL IV, V 
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is st hand. If, as Is sfcatsd, tliare are 400 ardebs of seed ready for sowing this Maroh, 
and it mdtiplies itself by 60, as aboye stated, we aball have for the f(f lowing crop 
about 24,000 ardebs, and for March 1870 there will be enough to sow the cotton 
country ten times oyer, as there are only 700,000 peddans in the whole of Egypt 
which are fit for cotton culture. Going one step furuier, and supposing that the new 
plant supplants the old, we should have a crop of 7.000,000 cantars of cotton, and 

6. 000, *000 ardebs of se^, while the largest crop eyer known hitherto was produced 
last year, and only reached three millions of cotton and two and a quarter of seed. 
To put the comparison in the money form, wo should haye 21,000,0002. instead of 

9.000. 0002.’ 

Sir JosBPH Hooxnn, the Director of the Botanical Gardens at Eew, obligingly 
informs us that seeds of the Bamia cotton were sent to the Gardens by the Vioe^ 
Consul at Alexandria ; and that they have seedling plants in the gardens, but they 
are not sniBciently adyanced to determine the kind. 

The following remarks on the cotton of Central Asia are fiom a Beport made by 
M. Bbodofskt to the Buasian Goyemment, which was published in the Go2os of 
September 3, 1876 

* Steps are being taken in Bussia for the improvement of the cotton recoiyed from 
Central Asia. Of the 60,000 cwt. yearly worked up ^in 1871) by Bussiau manufac- 
turers, onljjr 10,000 cwt. are received from Central Asia and Persia, the rest coming 
through Liverpool from America (28,300 cwt.), and from India (16,700 cwt.) Ceutnu 
Asia Induces now more than 60,000 cwt., and this production could easily bo doubled 
in a snort time ; but the Asiatic cotton is little used, as it is imperfectly cleaned, 
and has short fibres. Cleaned in Bussia, there is a loss of 26 per eenU of weight, 
and (taking into account the high cost of the transport) of about 1^ rouble on the 
price of a pood (38 lb.) The imperfect cleaning of the cotton is due, of course, to 
the primitiveness of the methods used in Asia. As to the shortness of the fibres, 
M. Brodofsxt, who was sent to America with the special purpose of studjnng the 
subject, supposes that it is not due exclusively, as assertod until now, to ^hnatio 
conditions, but mainly to the circumstance that the cotton tree cultivated in Asia 
{Qotmypium herhamm, 0. indicum) is a botanical species different from those culti- 
vated in America (G. harbadense, which gives the best Uplands kinds of cotton, as 
Mobile, New Orleans, &c., and G. arboreum, which gives the Sea Island kind). As 
to the last species, which produces the most highly prized cotton, experimoiits of its 
culture in Turkistan hare already proved unsuccessful, the thread received being long 
and silky, but too feeble. It appears, however, highly probable, from the comparison 
of the climates of the central parte of Texas and of ^kistan, that the G. Barbadense 
can be profitabW cultivated in Oentral Asia if certain measures are taken to improve 
the culture, Society of Friends of Natural Science in Moscow had, tnore- 
fore, elaborated a plan of an experimental farm for the culture, united with a station 
for the cleaning of the Bokliara cotton by American moGiods, and this plan was much 
patronised by General Kattficakii. But work having bees postponed owing to a want 
of funds, a private society has been founded, with a capital of 800,000 roubles, for 
the encouragement of the cotton trade in Turkistan on a large scale. The society 
has already received a lot of land of 108,200 acres, and has punhased 6,880 acres ctf 
artificially watered land for its farm. The cleaning engines, which have already 
proved daring preliminary essa^ to be the most usefhl for the Asiatic cotton, 
will be received l^m America during this autumn, together with seeds of the G. 
Bofhadmte* 


Importi of Cotton. 


r 


1878 

1874 

From United States 
„ Brasil 
„ Turkey 

: : 

„ other Oountries . 

owt. 

7,481.041 

661,046 

62,164 

1,826,680 

8,280,066 

896,687 

£ 

31,726,672 

2,866,831 

200,944 

8,694,702 

9,841,808 

1,667,778 

owt. 

7,804.161 

709,998 

1,628,218 

8,676,270 

268,488 

£ 

20,611,282 

2,761,820 

7,219,966 

10,846,688 

926,808 


Totals . 

18,698,472 

64,887,820 

14,062,076 
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1878 

187e 

From United States , 

„ Brasil 
„ Egypt 

,, British India . 

M other Countries . 

owt. 

7,666,780 

640,162 

1,464,029 

3,446.121 

363,604 

£ 

27.184,206 

2,838,086 

6,622,810 

9,266,302 

920,367 

owt. 

8,889,786 

476,617 

1,767,261 

2,470,102 

243,134 

£ 

26,297,168 

1,498,122 

6,886,984 

6,927,366 

786,981 

Totals . 

13,360,686 

46,320,861 

18,846,780 

40,846,664 


Value of Qottm MoMifoehma Imported^ 

1878 1874 1878 187B 

A £ £ A 

1,668,772 1,482,618 1,280,674 1,810,860 

Exports of Cotton. 


Cotton Yam and Ikoist, 



lb. 

Value 

£ 

1874 

220,682,919 

14,517,426 

1876 

. . 216.609,680 

13,172,860 

1876 

. . 232,160,400 

12.782,664 


Cotton Manufaeiiires. 

Yards 

Value 

£ 

1874 

. . 3,606,630,044 

. 3.662,462,166 

66,022.046 

1876 

68,626,926 

1876 

. . 3,668,682,100 

60,374,875 


Ihtal of these and other Cotton Manufactures. 

Yalne 

£ 

1874 .. . — 69,780,200 

1876 ... — 68,698,868 

1876 ... — 64,860,966 

The following estimate of financial resonrces in the cotton-spinning and manu&e- 
turing trade in Lancashire (inoludii^ Dukiofiold, Glossop, Hyde, Merple, Mottram, 
New Mills, and Stockport, in Cheshire) has been compile by Mr. Biohabd Sbtd, in 
April 1877 

< I^ncashire is the centre of the cotton-spinning and manufacturing trade not only 
of the United Kingdom, but of the world, by for the greatest pert of the raw cotton 
imported into this countiy being spun and manufactured there, and the term *' Man- 
chester goods” 18 a “ hou^old word.” The trade, although perhaps at present not 
(piite as profitable as formerly, is still in a suificiently flourishing condition, and the 
nchee accumulated are in some cases fabulous. 

' The following are the statistics of raw cotton imported and exported from 1870 to 
1874, together with the value of imports 


Tears 

Total Impwfc 

Total Bxport 

Value of Total Bepoii 

1870 

lb. 

lb. 

£ 

1,880,867,120 

1,778,189,776 

288,170,840 

68,477,766 

isn 

862,076.610 

66,907.070 

187S 

1,408,887,472 

278,006,040 

68,880,670 

HI! 

1,627.696.234 

220,000,266 

64,704.847 

lS/4 

1,666,864,483 

968.967,682 

60,696,496 


v% 
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Bsmm of Zm^KHti 
lb. 

1,101,191.2S0 

1,416,064.190 

1,136,832,432 

1,307.605,968 

1,307,806,800 


* In tbe ipTiniing snd mannfbcttiring of this enoimons amount of TawmatorinltlieFe 
are about 1,900 firms ennged in the district above alluded to, including about 270 
joint-stock companies under the Limited Liability Act. The nominal capital of these 
companies (many of which do nob issue any report) may be estimated at about 
16,000,0002., of which itmayfiiirly be taken that one half (say 7,600.0002.) is paid up. 
The capital of prlrdte firms and individuals (numbering say about 1,600) can be 
placed at 60,000,0002., based on such figures as are quoted below, giving an average 
of about 30,0002., for each firm. 

' The term “ capital ” must be taken here us representing not only the so-called 
working capital, but also those amounts sunk in plant, &c., as well as money invested 
apart from trade in real property, which, althoi^h not actively employed in com- 
mercial operations, is yet responsible for the liabilities of the individuals or firms, and 
may be regarded as reserve fund.” Besides the limited liability companies, with 
their paid-up capital of 7,600,0002., there are six firms each estima^ to possess re- 
sources exceeding 1,000,0002.; 12 ditto, 600,0002.; 26 ditto, 200,0002.; 60 ditto, 
100,0002.; 72 ditto, 75,0002.; 101 ditto, 60,0002.; 106 ditto. 30,0002.; 165 ditto, 
20,000/.; 268 ditto. 10,000/.; 280 ditto. 6,000/. ; 187 ditto, 2,000/.; 200 ditto, ^1,000/. 
The rest have little or no means. 

* There can, of course, be no doubt that a considerable proportion of this capital 
consists of landed and house property, mills, machinery, &c., some of which may be 
quite unrealisable in times of depression or stagnation ; but due regard has been given 
to these circumstanceB, and the estimates have been submitted to and approved 
by gentlemen who are thoroughly well acquainted with the Lancashire spinniog 
trade. 

* Although the spinning and manufacture of cotton forms the staple industry of 
Lancashire, there are other trades of considerable magnitude carried on, such as 
woollen and silk manufacturing, calico printing, bleaching, and dyeing, and the 
manufacture of iron, chemicali, glass, paper, hats, and indiarubber goods. In those 
trades there are also several firms whose capital may be estimated at 1,000,000/. and 
more, and many with means exceeding 100,000/. 

* The enormous mass of raw material dealt with in this Lancashire district and the 
magnitude of the capital employed will serve to show the pre-eminent position occu- 
pied by the County Palatine in the manufacturing industry of the United Kingdom, 
and to prove incontestably that it above all others is entitled to a first plaoe as a 
jewel in the English Grown.' 

OOTTOV-BUD OIXto (See Cotton, toI. i. p. 964, and C^>tton Sbbd, toI. i. p. 
963.) For a long period the seed of the cotton plant was almost entirely neglected, 
but of late years a very important manufacture, the extraction of the oil, hM been 
carried on in the cotton-producing states of Amsriea. 

The cotton of commerce is, as is well known, a vegetable hair, covering the entife 
Snrfkce of the seed. This is separated by the use of the cotton gin (see Cotton Qnr, 
voL i. 961), and the seed, still covered with a cotton lint, is prepared for the expres- 
sion the oil. 

This is effbeted by a repetition of a series of gunnings. The first process, (ho seed 
being clean, ie that of hnlling by a heavy cylinder, provided with mives that pase 
betwera teeth eo doee together that the seecu are broken into several pieces. The 
cracked eeede pase ftom the huller to a revolving sieve, or separator, that. aBowi the 
outs tofisll into a trough, but retains the shells. These shells are either Itsed fin* fhel, 
or prepared as a manure. The nuts go from the eeparator to a reciprocating sieve, 
which pesses the pure huts through it, but retains the few shells that were nott sepa- 
rated, and sends these 1}ack to the separator for a second siftiug. The nttts are then 
passed between two heavy iron rollers of great force, and are )|)ressed into thin Bakes, 
makiu a msal of yellowish^green colour. This meal is pla^ in iron t arfn about 
4 ft. In diameter snd 16 in. deep. These are doiible, the inner vessel betug aor- 
rounded *by steam at a pressnre of 86 lb. to the indi. The med is BtIfNa md 
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bring di 7 t ftff five mlnntee. This di^ heat frees the oil from its envelope. 
The meal is then scooped into strong sacu about 2 ft. long and 10 in. wide, and 
placed between boards Dinged together as the covers of a book are. Several of these 
^\ni are then piled under a hydraulic press of grMt force, and squeezed for five 
minutes ; they are then passed to a second and heavier press for the same length of 
time, and then to a third press. The oil runs from the presses to a Unk and settles 
during 12. or 24 hours, and is then clarified. The best way of defying cotton-seed 
oil is to'treat i^ with sulphuric acid, and afterwards with steam in an agitator con- 
structed of wood lined with lead. After intn^ucing, say, 600 gallons of oil, the 
agitator is set in motion, and 26 lb. of oil of vitriol are added by means of a perfo- 
rated leaden trough, so os to spread it as a shower over the whole surface^ of the oil. 
The time employed in the addition of the acid should not be less than 30 minutes, and 
the agitation snould be continued fur 8 hours. It is then allowed to stand for 10 
hours, the acid drawn off, and the oil pumped into a steaming tank of iron. It shoidd 
then be steamed for 8 hours with A in. steam pipe, at 20 lb. pressure. This effects its 
purification. It is allowed to stand, and eventually, the water produced by the steam 
being separated, it is stored in tanks lined with lead. The oake of cotton-seed meal 
which remains is taken out of the sack and stood on its edge in a rack to dry during 
tliri e or four days. The cakes are then packed in strong socks or are broken up and 
ground into meal again to ship in bags. This is sent to England for cattle food, and 
.IS a fertiliser ; but some is sold in the United States as a fertiliser. A ton of seed 
produces about 20 gallons of oil. The crude oil thus made is sent to refiners in New 
Orleans, Ciuciimati, and Now York. It has a yellow colour and a sweet taste of nuts. 
Il is used crude for painting, and mixed v'ith lard oil for lubricating. It is also mixed 
with some lighter oil or spirit for miners’ lamps, for which its non-explosivo qualitv 
makes it valunble. *When refined it is difficult to tell all its uses. It is mixed with 
many otlior oils and passes for them. 

GOTTOVt SZUOATa OF. This modification of iron-slag, known as ‘slag 
wool’ or ’ hair slag,' is attracting the attention of engineers. An architect in Borne, Mr. 
Jauit, describes its physical condition as being that of spun glass. It consists of fine 
hollow tubes, frequently 40 centimetres long, filled with air. It is the property which 
this possesses of holding a large quantity of air which makes it valuable as a non- 
conductor. As such it is not only adapted for use as a covering for steam-pipes, but it 
is of great efiiciency as a stuffing for sound-proof walls and flooring. In this way it haa 
been made use of for a couple of years in Zurich, and has been adopted by builders 
in Berne. It has been objected to as giving rise to the emission of free sulphuretted 
hydrogen, and to be objectionable as filling the atmosphere with fine penetrating 
particles. Walpert, of Kaiserslautern, however, affirms that though tne silicate 
contains sulphur, in proportion to the sulphur contained in the iron ore, yet under 
ordinary circumstances the amount of moisture and carbonic acid in the air will not 
be sufficient to cause the ovolutioD of any percoptible quantity of deleterious gas. 
Qualities of slag will vary us they decline from tJie normal proportions of 66 parts 
silicic acid, 80 calcium, 14 alumina. The blast-fiimacea at Osns^rfick and Zwickau 
were among the first to prepare the ' Schlackenwolle,’ by sending the blaet-air or 
steam through the molted slag ; but it is now made in manv places. That produced in 
the Austrian works was lately the sulject of a paper read before the Vienna Society 
of Arts by A. Gboqeb, who pointed out not only the qualities already enumerated, 
but its incombustibility. A further use was indicated : as it will absorb six times 
its own weight of water, it has been suggested that it could be a^pted to the manu- 
facture of dynamite. 

This ' slag wool ’ has been long known in this county. The editor has some very 
fine samples of the wool made, many years since, by Mr. Sauubl Blacxwbll at the 
Yneseedwin Works in Glamorganshire. Even earlier than this it had been pro 
duced in the British Iron Worln. 

OOTT<m WASTB, at one time almost always rejected, is now of eonsidembU 
value. It is the collected swewinge of the card room. Large heaps were formerly 
Buffered to accumulate until it fermented, and it was then spread over the land. After 
that, cartridge-paper i^ers bought it at 21. to il. per ton ; and means were found to 
bleach and tear it up, in order that it might be respun and woven, and now there le a 
trade of 14,000,000 owt. per annum, giving employment to 600 dealerl, and the reftise 
of this is the n sold ft>r engine cleaning, and finally to the paper maker. 

OOlTUifam or OOWliMW. A pseudomorph of eovellite after galena 
Kantomte) has ^en found as a Oomish mineral. In Miss Cabnb's collection at 
Fenzanoe a specimen labelled * Copper ore with the fracture of galena from finsl 
Falmouth has been found to be eovelUte. Analysis gives— 
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Copper 64-0 

Iron 8*6 

Lead 8*26 

Sulphur 26*0 

Sulphuric aicid 1*26 

Silrer and iron ....... 8*0 


90*66 

Journal of the Minaraloffioal BocUtyt No. 4. 

osnr vaasTAXi or vaaaTAaaa aoaBawAia, The fibre of the 
leareaof the dwarf ^Im, Chamaropo humUif. 

OVTOH. (Vol. i. p. 1014.) Of this variety of catechu our importationa were in 
1876— 

Tons Value 

From British India .... 6J64 £189,971 

„ other Countries .... 7 170 

Total .... 6,771 140,160 

and we exported in 1876, 2,862 tons, valued at 71,0981. 

Of cutch and gambler our imports since 1873 have been— 

187S 1874 1875 1876 

Tons 20,512 21,082 28,846 26,677 

Value £684,188 £628,760 £741,255 £613,092 

CT3«XVBaaB| aUOTBO-COWaaaD. On their Employment for Printing 
on Stuffs. By Th. ScuLUMBiiBOBa. 

* During the last thirty years repeated attempts have boon made in England to 
replace the solid copper and brass cylinderr used in printing>mills by cylinders of 
cast iron covered with copper by galvanic deposit. These attempts havo not been 
attended with the sucoess t^t was anticipated, and the system has fallen into com* 
parative disuse. 

'In 1871 M. Tubodobb Sculumbebobb presented to the Soci4t4 Industrielle de 
Mulhouso a note on the employment of cast-iron coppered cylinders, and in March last 
M. Gustayb ScvAurTBB reported to the society — which had offered a priae for the best 
essay on the subject — the prepress made up to that time. 

' Neither the note of M. ScHLUMuicBaBB nor the report of M. Bcuaeffbb are en- 
couraging. The advantages are sufficiently great to induce perseverance; but the 
serious circuities li*ad to the conclusion tliat further experiments should be under* 
taken from a new starting point. The copper and brass svlinders employed in a 
printing-mill represent a large capital. A new roller weighs between 1 a^ 2 cwt., 
the metal costing 3s. to 2s. 6^. per lb., and it can only be employed uutil, having been 
successively turned off and re-engraved, its weight is reduce to about ^ cwt. Each 
re-engraving lessens the weight by about 6 lb., and the diameter by somewhat more than 
the depth of the previous engraving. Sometimes, when adapting a roller to a given 
pattern, or pairing it with another to a given design, much more than this has to lie 
turned to waste. Could cast iron be used as the foundation of these rollers, the 
saving in capital sunk in these machines would be obviously great. The raw metal 
would cost less than 1^. lb., and, when prepared to receive the copper coating, 
little more than 3^. per Id. 

‘ Since 1864 M.^uis Hugubbim has coppered a number of rollers which have been 
engraved five or six times without any inconvenience. M, Sculvmbbbqbb asserts that 
a positive advantage was ^ined each time the rollers were put into the eopperii^ 
vats, because the imperfections on the surface of the copper disappearedi He esti- 
mates the cost of a cast-iron roller of ordina^ dimensions at 42., and the cost of each 
re-coppering at from 8s. to 16s.— a price which is capable of reduction. 

* The difikulUes, on the other hand, are serious. In the first place the saving of 
cost is less than appears from the estimate of the saving of so many pounds of copper, 
from the fact that the eleetrot^e copper costs at least five or six times as mnw as 
the commercial copper ordinarily used. Next, the adherence between the cast iron 
and the copper is not sofikient to prevent the latter from being iiy'ured imte great 
pressure, and sometimes becoming laminated and loosened from the iron. Lastly, a 
cast-iron coppenred roller is more difficult to repair than a solid copper or hmss one. 
Wlien one of the lat!wr gets ixyured the pUce is plng^, or the surmee burnished up 
and engraved ; with a cast-iron cylinder, however, these processes are difficult, for 
plugging is attended with tho danger of breaking through the coat and leaving the 
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iron expoaed, by which tho ooloim or the mordants are ^tered, while burniehiiig 
oausM toe copper to dilate and destroys its adherence to the iron. 

' The process in these experiments was as follows : — After the surface has been tamed 
up trae in the lathe, the cast-iron roller is cleansed of grease by a strong alkaline 
solution and washed with an abundance of water, all traces of oxide being removed 
with a fine file. When this is accomplished the metallic surface is brilliant, and 
gre^. care must be taken to pnvent the moisture of the breath or of the fingers from 
coming in contact with it. The cleansed and pplished roller is then plunged in an 
alkaline copper bath, and loft during twenty-four hours under the influence of an 
electric current produced by five or six voltaic colls, until the whole surface of the 
east iron is covered with a thin but well-adhering skin of copper. This alkaline bath 
may be composed as follows: — In 12 parts of water (Ussolve 1 part of sulphate of 
copper; in 16 parts of water dissolve cyanide of potassium, 3 ; carbonate of soda, 4 ; 
sJphate of soda, 2 parts. The two solutions are mixed after the salts am completely 
dissolved. Another alkaline bath is composed thus Water, 10 ; ammonia, 3 ; acetate 
of copper, 2. Wotor, 16; cyanide of potassium, 8; of soda, 4 ; sulphate of soda, 2. 

* After removal from the alkaline bath the roller is washed and rubbed with rotten 
stone. If the iron in any place shows through the film of copper, the roller is returned 
to the bath until the entire surface is covered. This first coat should be perfect, but 
as thin as possible. When that result is obtained the roller is well brushed, washed, 
and rinsed in slightly acidulated water. It is then plunged quickly into an acid bath 
of sulphate of copper, in which it is loft until the deposit of copper is sufficiently 
thick, being turned partly round each day, so os to insure an oven deposit. With the 
current of four elements, and at a moderate temperature, three to four weeks are 
required to efiect a deposit of | of a millimetre in thickness. 

‘Tho strength of the solution of sulphate of copper is represented by 20® Baumi, in 
which 1 quart of sulphuric acid is added to every 300 quarts of solution, to render 
batii more conductiiig, and to assist the dissolution of the scrap copper thrown in 
to keep up the strength of the bath,* 
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SJLli&BlOCBZW. {Quinine Green.) This is prepared os follows;-— 

Sulphate of quinino 10 parts 

Water 1,000 „ 

Liquid chloride of lime , . . . 134 „ 

Hydrochloric acid 36 „ 

These substauces are allowed to react upon one another, and 125 parts of liquid 
ammonia are added. A greenish resinous matter is thus precipitated, which is col- 
lected upon a filter. This green is insoluble in water, benzol, or ether, but it dissolves 
in alcohol, wood spirit, and glycerine. Acetic acid turns it to a blue sWio, and 
mineral acids dissolve it with a blue colour. 

Tho alcoholic solution diluted with water dyes silk a green, which retains its tone 
by artificial light. Wool is dye<l like silk. Cotton requires to be animalist with 
albumen. For calico-printing the Dalleiochin is mixed with albumen, and the colour 
fixed by steaming. 

BAMMAX OUM. (Vol. ii. p. 8.) Mr. E. B. Bbxtlkt has introduced a process 
of mounting microscopic objects in Dammar which is free from most of the objections 
raised a^inst this gum resin. He thus desenbes his process: — 

‘ Having fixed my metal table a sufficient height above the flame of the spirit lamp 
(nv about 2 in.), I place my slide on the copper plate, with the object put in the 
right position for mounting, and the glass cover on top ; this 1 let warm for about 
two OF three minutes ; then (having previously warmed the tube of dammar, which 
has the effect of making it much more fluid) I drop a small quantity on the slide, 
in such a manner that the edge of the medium shall come in slight contact with the 
glass cover ; capillary attraction causes the dammar (which is now very liquid) to 
gradually flow under the cover ; if air bubbles appear around the olgect they must be 
removed by slight pressure and the aid of a heatkl needle. If the olject is not flat, 
and raises the cover, a bullet placed on the top will keep it down. The above opera- 
tion ought to take fixim ten to twelve minutes. Having proceeded thus far, I remove 
the spirit lamp from under my table, and let the slide gradually cool. *^00 oold, 
the dammar is quite hard, and the cover firmly cemented. I now (with an old pocket 
luife) remove the superfluous dammar, wash the slide with a camel-hair brash dipped 
u tnrpentioey and then again with the aame sort of brush, only using soap and water. 
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Hfkting tihorougMy dty th8 tlide, I flniali a ririg of ' bUcIc japan Toraiiih, 
altbouh I believe aephalte wilt do quite u well, and fiball;^ I label and |»ut away id 
my dibinet ; the whole having been completed in leea than half an hour. Failures 
most likely would occur from one of the following eauaee Too great beat, thereby 
making the dammar boil under the cover, which Would have the effect of deetrqying 
the object — the only remedy would be to at once remove or lower the flame of the 
lamp ; too little heat^ the result of which would be that the dammar would dot harden 
when cold, and air bubbles: these are only got rid of by watching and eareftilly 
pressing the cover, and, if that will not remove them, by very gently lifting the 
cover so as not to disturb the object, and introducing a drop more dammar from the 
tube, which will no doubt prove effectual. Experience alone can properly determine 
the causes of failure, and enable the operator to jndge the exact time to ke^ 
the slide heated : this any one can easily do after half a dozen attempts .' — SHentifie 
Qoaaw. 

A dammar varnish fbr mounting microscopic objects is also given in the article to 
which reference is made. 

SIAHkMAS VJkgngZflH, B&ASTZCt (See DikUHAR Quic, or Dammar Hrsir, 
vol. ii. j>. 8.) An elastic flexible varnish for paper, which ma^y be applied without 
sizing It, may be prepared as follows : — Crush transparent pieces of dammar into 
small grains ; introduce 40 grains into a flask, pour on it about 6 ounces of acetone, 
and expose the whole to a moderate temperature for about two weeks, frequently 
shaking. At the end of this time pour off the clear saturated solution of dammar m 
acetone, and add to eveiy four parts of varnish three parts of rather dense collodion ; 
the two solutions arc mixed by agitation, the resulting liquid allowed to settle, and 
preserved in well-closed phials. This varnish is applied bj|r moans of a soft beaver- 
hair pencil, in vertical lines. At the flrst application it will appear as if the surface 
of the paper were covered with a thin white skin. As soon, however, as the varnish 
has become dry, it presents a dear shining surface. It should be applied in two, or 
three layers. This varnish retains its gloss under all conditions of weather, and re- 
mains elastic. 

BATOUTS* (Vol. ii. p. 9.) An elaborate description of this boro-siliento of 
lime, found at Bergen Hill Tunnel, is given by E. S. Dana.— Sillimam’s American 
Journal of Science and Art^ Ho. 4, p. 16. 

BAmwuZTB. An oxychloride of bismuth. M. Dometke gives the following 
composition : — 

Sesquioxide of bismuth . # • . . 72'60 

Sesquichloride of „ ..... 22*52 

' Water 3*84 

Sesquichloride of iron 0*72 

99*68 

This mineral ie an earthy mass of a gre^sh white, with a groat number of crys- 
talline lamells of a nacreous lustre, lie Ludnees does not exceed 2 to 2*6, and its 
specific gravity 6*6. 

BBUMSZTB. (Vol. ii. p. 18.) In New Oaledonia a mineral is found which is 
closely allied to Deleseite. It usually fills the cavities in the trap rocks. It ie green, 
soft, fueible at the edges, and slightly soluble in hydrochloric add. Analysis gave — 
SiO* A1»0* FeO CaO MgO H*0 

40*63 6*96 12*60 0*62 14*16 13*10 Qangne 2*87 

H. How, Philoaophioal Magazine, xxxvii. 

BUZOCATZOW. (Vol. ii. p. 14.) See OALico-FaiNTiNo in this Supplement. 

BanOTOH Ol* ▼AJOATZOW nr BBBSSVU or OAO. This ap- 
paratus consists of an alarum, which is brought into action by an electric batteiy 
whenever the pressure exceeds a certain desired amount. 

The arrangement it as follows : —A glass vessel, which admits of being completely 
closed, has a certain quantity of the protosulphate of meieuTy in solution placed in it. 
A smaller tube of glass, open at either end, is passed through the cover of the larger 
vessel down into the solution, and the junction made air tight. The liquid, of eoursS, 
stands at the same level in each. Into the tube is placM a carbon plate, which is 
Immersed in the solution, and a zinc plate, which is kept a short distance above the 
fluid by means of a small knob. These are connected with an electrical alarum. 
Through the cover of the laiger vessel, fixed in a hole, is a tube of caoutchouc in 
communication with the gas meter, and through another hole is passed one arm of a 
siphon, which allows of the escape of ms when the pressure is too high. Anv increase 
of pressure forces the liquid up the tube until it covers the zinc. An electric current 
is thus gensratedt and bmog connected in the usual way with the nlarumi ft is wf 
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eottntf nnlt* It it iaid baa been used by the SocUt^ d*Emulation at 

Bown, who hare rewarded the inventor, M. Launay, who haa been for a oonaiderable 
period OoniroUer of the Fftris Qaa Oompray^— ^WAim's Ametican Coal Trads Journal, 
Deoember 22, 1876. 

BV^MTlOir. See Espnoarvi OoHPOuifDa. 

BawnCMML A compound prepared from cane eugar by the action of anlphnrlo 
aeid, ami pnriftad ly oiystalliaation from alcohol and iroA water. Ita compoaition 
when dry ia OoRwaiJUa O’Suixitan, Journal oj the Chnnical SooUty ; aee 

SoBUKv, Doui, Chem, Oee. Ser, vii. ; and M. L. Bondomneatt, Comptea Bendus, 
IxxxL 

OSABAM. (Vol. ii. p. 18.) Titani> 
f^rouB iron, magnetic iron ore, and apatite 
are nBiial conatitnonta of thia mineral, 
and carinate of lime ia often preaent. 

Diabaae forms beds and veins in the 
older rocks of Devonshire, in Norway, 

Westphalia, in the llartss, &c. 

For excellent analyses of several kinds 
of diabase, see Watts's Diciu*nary of 
eVirmtairy, 2nd Supplement. 

BXAAAnrO. The following partien- 
l.irs on the subject of Mine Surveying and 
Plotting gives nn idea of iho ns 

more especially adopted in the minna of 
Cornwall and Devon But they are, in 
the mam, applicable to the mines of any 
other district, differing only in a few unim- 
portant details from any of them 

The instrument commonly used in mine 
surveying, and the most useful for genoml 
work, is the circumferentor {fga. 2316 
and 2317) Tt consists essentially of a 
horizontal circular pKito with a graduated 
circle of degrees numbered from 0^ to 
860®, and a vepiiior, by which those 
primary divisions are subdivided to single minutes. With the theodolite nsnally 
attached, the acclivity or declivity of hills, as well as of diagonal shafts and undu- 
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^ obtained by this instrument They are now made fat 
AtlieiF left- OP right-hand readings, but it will be advisabio uniformly to .adopt the 
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graduated dguriLg; of the inner circle of the raiaed rim of the dial plate for the 
recording degree. 

To muhe the subject of mine eurreying ae oompreheneiTe ae poMiUek it is divided 
into seven sections. 

Sbctidx I. Dialling wUh the MagneHo Needle. — ^Assuming that a dial of the above 
description is employed {fat. 2816 and 2317), the operator in commencing a survey 
fixes tne tripod mrmly, and then, guided by the spirit levels, carefully ^usts the 
instrumont» either by the ball and socket joint, or the atyusting screws, until the 
bubbles are centred. The dial plate is then turned around, until the south end of 
the needle (always distinguished) settles at 0^ or 360*^. Should the needle be sluggish, 
a gentle tap to the plate will cause a quivering, and facilitate its proffress to its 
proper position. Having damped the instrument securely to the tnpod, an angle 
can now be taken in any required direction, by moving the sights around with we 
large thumb-screw, A (fy. 2816). There is a horisontal cog arrangement which 
admits of this being done without interfering with the circular plate. Having taken 
the observation, the degree on the inner graduated cirdo opposite the arrow on the 
vernier scale is recorded together with the minutes which may be indicated by the 
same scale. Some practitioners read off the angle recorded by the north end of the 
needle, the movable sights being previously fastened at sero. But inasmuch as the 
above method should be adopted in dialling without the needle, and being equally as 
expeditious and more accurate in taking fractional parts of a degree, the advantage of 
uniformly observing it is apparent. 

Examj^ 1. — ^Let a {Jig, 2318) represent a shaft and bcdb a subterraneous exca- 
vation ID a northerly direction from it, the bearings of which is required. Having 
made sure that there is no iron within a radius of six yards, the dialler fixes his 
instrument at n, to command two drafts. The plate is put into the position before 
described, tmd a back observation taken to a, and the degree indicated by the arrow 
in the vernier (which in this case, being a northerly drift, will be on the north ^de) 
is tbe direction of ab. The dialler then reverses his position, and takes a fore ob- 
servation to 0 ; the d^ree is road off as before, and this gives the course of b c. 
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The next position for the dial is at d, the object at c being allowed to remain until 
the RDgle D c is determined. The previous operation to asuerrain the direction of d e 
is repeated, and the survey terminates. Some diallers check all drafts by fixing at 
each sapirate station, and taking back observations as well as foresights ; but this 
necessitates double the amount of fixing, and is not necessarily more accurate. In 
some very intricate surveys a more speedy plan of verification is 1^ dialling back- 
wards from the forebroast. 

Sbgtiom II. Dialling without the Needle . — It is well known that the magnetic needle 
is susceptible to the influence of iron, and even to ferruginous substances, and is 
consequently rendered unreliable by its presence. Serious errors having been from 
time to time fallen into by the counter attraction this offers, a system was devised by 
which the magnetic needle could be dispensed with after the first departure or a 
datum line obtained. The dial is carefully fixed out of the influence of iron in the 
manner already described, and the movable sights directed towards the objects 
sti^ioned at the commencement of the survey. This should be a ‘ candle rest * with 
spirit levels, and adjusting screws, mounted on a tripod, of precisely the same sim and 
description as that on which the dial stands. The angle which the index or vernier 
records with the circular plate is then observed, and the dial uncLamped and removed 
to the position occupied by the candle rest, and it is transferred to the dial tripod. 
The movable eights are kept in the same position, and the dial plate moved around 
on its axis, until the candle at the first station of the dial is bisected. The circular 
plate is then rigidly clamped by the screw b {Jig. 2816), and the instrument is ready 
to take an ande independently of the needle. 

Whatever denartnre tJie ne^le may show f^m'^e north point, it is due to attme- 
tion, for, provioed propw care has bMn exercised in the operation, the dial plate will 
correctly indicate uie line of magnetic meridian, and virtually eupereede the needle 
Uirouglumt Urn whole survey. Occasionally the whole dialUng may be verified by 
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the iMt draft beiiw out of the inflnenee of iron, for if the south point of the needle 
corresponds with that on the circular plate its correctness is demonstrated. 

In cm»d iMjfcing a suirev without the use of the needle, the instrument must be fixed 
at each respectiTe station, and fore and back sights be taken altematelj. The 
operation will be rmidered dear by the following example and a reference to 
fg, 2Slfi. 

ExalinpU 2.-7The direction and distances of the subterraneoiu drift, a b c n a, con- 
taining wn rails and pi^s, is required. To obtain a datum line the chal is fixed in 
the recess i, or if this is impracticable, a section of the rails and pipes must be 
removed, ^e instructions previously ^ven having been strictly observe, the sighta 
are directed to the candle rest at a, and the degree (say 40®) carefully noted, but not 
permanently entered. Reversing the position of the instroment and candle rest, the 
dial plate is moved around, with the sights still at 40®, until it bisects the candle 
now at L This gives the datum line i a. The plate is then securely fastened, and 
the sights directed to b, which the vernier shows to be 10® distance, by meMursment 
30 feet. The dial is then carried forward to the next post of observation, B, the 
tripod on which it stood being allowed to remain undisturbed, for fixing the candle 
socket on, and with the sights still retained at 10®, the whole instrument is moved 
bodily around, until the perpendicular hair cuts the candle at a. This back observa- 
tion being taken to keep the line of the magnetic meridian only, the angle is not 
recorded. The candle rest and tripod is now advanced to c, and the work 
controlling the movable sights of the dial brought into operation for ascertaining the 
angle from n to c, which by reference to the vernier we find is 1®, distance 60 feet. 
Tlio position of the instrument and candle rest is again changed, and the preliminaries 
being attended to, the course from c to n is determined ; this is 16® 36', distance 
36 ft. 6 in. We proceed in the same way to the station n, and get the direction of 
n K, which is 20® 46', distance 20 ft. 0 in. This is the termination of the exoavation. 
An opportunity may now be afforded, and the dialler should invariably avail himself 
of it, for testing the correctness of the survey. 
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Htriet one diould be exereieed in leyeUing the qnedant, and thie may be readtly 
done by fixing the arrow on the index side at leto, and bxii^ng the bubble of the 
spirit level to the centre. In dialling a ehaft a datum line is obtained as before, 
and the instrument fixed to command an up or down observation. The telescope 
or the quadrant sights are directed towards the olyeot by working the screw n {fig. 
2316), and the angle made by the inclined plane with the horison, and also with the 
ma^etio meridian, must be observed. At each suoceseive station in the shaft, fore 
and back obse^ations must be taken alternately, precisely the same as in the hori* 
sontal survey Just gone through, 

SscnoN 111. — As already stated, the altitude or depression of any point 

may be ascertained by means of the theodolite attached to the circumferentor, and for 
subterraneous work no other need be substituted. It may be used also for surface 
levelling either by taking the at^les of elevation or depression, or by fixing the 
quadrant at soro, and using the instrument as a spirit level. For long sights the 
former method, through the curvature of the earth and refraction, is incorrect, and 
should not bo resorted to if great nico^ is required. 

The levelling instrument proper {fy. 2319) consists of a long tube with a spirit 
level, and a telescope with finely divided vertical and horisontal lines, working on a 
vertical axis which is capable of the most perfect horisontal adjustment. This, in 
coqjunction with a rectangular telescopic levellii^ rod, having a scale of feet and 
decimal subdivisions painted very distinctly on it (see fg. 2320), together with a 
Guntbb’s chain and arrows, is all that is r^uired. Suppose the altitude of any 
point has to be ascertained. The instrument is fixed at any convenient situation, to 
command a back sight to the staff at the commencement of the line of operation and 
a fore sight to the next station ; the difference between the staff roadings will be the 
difference of the level of the two points. This process is repented to the end of the 
line or the summit of the hill, and a record made as follows from a to b : — 


Backwards, 



Forwards, 


Beading of Staff at a 

6-70 

1*60 

Beading of Staff at 1 

M 1 

18‘20 

2*62 

It 

It 

2 

». I. 2 

1663 

1*25 

It 

tt 

3 

»» H 8 

9*60 

4*04 

It 

tl 

4 

It tl d 

10*39 

8*66 

It 

tt 

B 


66*42 

13*06 





18*06 






42*86 






42 ft. 4 in. is the height, therefore, of b above a. 

Sectiok IV. Plotti^ Survegt, — This operation is performed with a protractor 
divided into degrees similar to the circumferentor. Fig. 282 1 represents one of the kind 
generally used, and it is graduated so as to correspond with the dial described. 
By this instrument the angles taken in any sunrev may be repeated on paper. A 
meridian line is assumed in any direction that will be most suitable for the work, and 
the straight face of the paredlel rib in the centre of the protractor placed so os to 
coincide with the line. Suppose the angles formed by the subtorraneous drift {fy. 
2318), together with their respective lengths, have to be plotted. We commence by 
dravnng a straight line to represent the magnetic meridian north and south {fig. 2322). 
The meridian line of the protractor { fig . 2821) is carefhlly laid on this, with 0** to- 
wards norths and a mark made at the centre of the instrument f, at 270° and at 90°, 
to obtain a right angle, which will represeut the other cardinal points. We proceed 
now to mark off the degrees given above, which may be distinguished by figures or 
letters. When this is complete the protractor is removed, and by means of a paxallel 
ruler, B and f {fig. 2322) are brought into line ; this gives the direction of the angle 
A B. The rnler is carefully rolled to any part of the paper on which it may be decided to 
commence the plotting, and having determined the sieo of the scale, 80 ft. is measnred 
by the compass, and this length, drawn along the edge of the parallel ruler, repre- 
sents the course of the drift from a to b. o and f { fig . 2322) are then connected in a 
similar manner, and the ruler moved to b ; the length (60 ft.) corresponding with the 
s^e, is then added on to b {fig. 2318), and the mrection of bo renresented. 
ruler is then applied to n {fig. 2822), and its direction towards r {fy. 2822) is the 
angle from c to d {fig. 2318) ; the measurement (86 ft. 6 in.) is joined to D, and 
the drift from c to n indicBted. The operation is repeated in nfeience to b, sAd the 
line added on, aceoiding to its measurement (29 ft 9 in.), completes the work* 
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The following eubteitaneouf survey is dven as an additional example, and, at the 
same time, as an illnstiation of the method of keeping survc^ying books : — 


1 

9 

9 

4 

6 

6 

Bnfts 

Angles 

Slevktton 

Depnislon 

DiitonoeB 

Bemarks 1 





ft. in. 


1 

260*30 

— 

— 

20 6 

From centre of porp. shaft. 

2 

184*16 

— 


85 0 

To crosscut on right. 


84 

— 

— 

16 6 

In do. 

(2) 

80 


— 

12 6 

To forebreast of do. 

8 

106 


— 

30 6 

Back to main drift. 

4 

162 


** — 

25 8 

To crosscut on left. 

flo) 

260 



35 6 

In do. 

(2a) 

270 


— 

28 6 

To sump in sole and r'se above. 

(16) 

6 


490 

40 6 

From sump-head to bottom. 

(Ici 

179 

600 


60 6 

Up rise from snmp-hea 1. 

(3o) 

260 



16 6 

Continuation of crosscut to end. 

6 

180 



60 6 

Back to main drift. 

6 

187 



12 6 

To end of do., new dial mark bole 



HI 

m 


in roof. 


2823 In plotting this survey 

we proceed as before, pay- 
ing particular attention to 
No. 6 column. When Q b) 
draft is arrived at, we iTust 
ascertain its true base be- 
fore laying down the hori- 
zontal angle, because this 
being a ground plan, it 
would be manifestly erro- 
neous to give the whole 
length of the draft. Its 
actual base or progression 
to the right of the crosscut, 
(1 aj (see Jiff, 2828), may 
^ be aetermined by the pro- 
tractor. We draw a lino 
as before, in this ease to 
rmresent the horizon, hn 
2824), and the pro- 
tractor is laid on it, and 
the degrees of elevation 
and depression of the rise 
and sump respectively 
marked off at the same 
time. Then with a parallel 
ruler a line is drawn from 
r to A (Jiff. 2824) — ^that be- 
ing the point where the 
degree was marked off— 
and 40 feet measured along 
it. Having previously ol^ 
tained the perpendicnlar 
TX, the horisonw line is 
brought down to o ; the dis- 
tance firom 0 to ■ will be 
the true base or progres- 
sion of the sump towards 
the right. The indinatioB 
of the rise to the left is 
* obtained in the aame way, 

and these reduced measurements plotted according to the horizontal ai^e taken with 
the diaL The petpendieiilar of the samp and the vertical height of the rise may be 
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Mcevtained bj meMrariog from f to i aod from f to c FMpeetIvely. Thie diagnm 
also sbowa tba method d datennimiig the required depth of ehafte and lengtha of 
drifts to rea^ a ghren point. 

Example 8.— Let fa {fig. 2824) represent a rein of lead ore. A pe^endicnlox 
shaft is eommenoed at s, which is 40 ft. from f; at what depth will the vein be inter- 
sect? With a parallel ruler the perpendicular line is advanced to s ; the distance 
from s to o will be the depth required. 

Exampfe i. — Suppose rx {fig. 2324) to be a perpendicular shaft and fab metal- 
liferous vein, making an angle with the horison of 49°, what length would the cross 
drift, L X, require to be, before the vein was intersected ? We have simply to bring 
down the horizontal Une to l, and measure from j. to x, and this distance is ascer- 
tained. The practitioner is recommended to provide Umsolf with proper traverse 
tables to verify all instrumental operations. 

The plotted survey {fig. 2328) furnishes the mode of finding the corresponding 
spot at surface with any point of the excavation. 

Example 6. — It is required to sink a shaft perpendicularly to communicate o with 
the surmce. With the parallel ruler a and o are broi^ht into relation, and the ruler 
rolled to f (fig. 2822). A pencil line is drawn along its edge of sufiicient length to 
exceed the diameter of the protractor, and the degree (118° 46') ascertained by that 
instrument. The distance from a to o is then measured direct — ^this if 168 ft. If 
the circumferentor is now placed at A on surface, and the sights fixed at 188° 46', 
1 58 ft on this angle will give, providing the surface be level, the correct position of 


tiie shaft G. 

Sbctiom V. Trigonometrical Solutions . — Every degree of the circumferentor, excepting 
the cardinal points represented by 360° and 180°, are departures from the mendian 
line, the magnitude of which may bo determined by two methods. Ist. By mathe- 
matical instruments. 2nd. By trigonometry or by computation. Fig, 2826 illustrates 
the first mode, n s represents the 
meridian lino, and a b a drift in a 
BW. direction; the divergence west 
and gain north may be measured 
from A to D, and from d to b respec- 
tively — in other words, its northing 
and westing be ascertained. As the 
concluding paragraph on plotting, to- 
gether with fig. 2326, give a more 
extended view of this method, ex- 
amples need not be multiplied. For 
various reasons this system of instru- 
mental operation is not perfectly re- 
liable in very important and lengthy 
surveys, for with the utmost care in plotting serious discrepancies may oeenr. The 
second method precludes the possibilitv of any such inaccuracies, and ramishes such 
an absolutely correct test, that the dialler is need from the perplexity which would 
inevitably follow any uncertainty as to the accuracy of the work he may ^ve been 
called upon to execute. 

It would exceed the limits of this paper to convey even a rudimentary knowledge 
of trigonomet^, neither is it absolutely essential that the ordinary miner should be 
acquainted with it. He need only be informed tiiat he can get in moet 'boob on 




navintlon traverse tables of the northing or southing, easting or westing, wherein 
Che diitanee is extended to one hundred for every degree of the quadrant. 

In practically ap^ying this method it most be borne in mind that in surveya the 


M mMumo 

malm ve ^irdioAriJy fntfli«4 and nidocad to beatingf oftanrazda, if n trigp&omitriiQa) 
joluUon in required. 

We give the following as on example of converting anglea into bearjipA;* : 

E. of if.; 144® is 86® E. of S. ; 816^ le 44® W. of N.7181® is 1® W. of 8. Alittle 
practice will render this duty quite eai^. We may now illustrate this metj|0|d» 
Eatamph O.-^Let b, o, d, b, r, o, k, i, r, ic, represent a subtexTBneoijif en^eatlon 
from bottom of the perpendicular shaft ▲ (fiff. 2326): required, the soutl^and esadng 
of a D, and also the southing and easting of a x. Having reduced tM angles into 
bearings, the particulars are tabulated as follows: — 


'Preparatory T<Me for a d. 


No. 

Anglos 

Bearings 

Dlfltanoes 

Northing 

Bonthing 

Basting 

Westing 




Ft. 






1 


20 W. of 8 . 

46 


— 

42*29 

— 

16-89 

2 


10 E. „ 8 . 

68 


— 

67-12 

10 07 

— 

3 

90 

East 

m 


— 

— 

60- 

— 








99-41 

■XI 

16-39 






— 

— 

ill 







Southing 90*41 

64 68 Easting 


Preparaiory TahUfor a x. 


No. 

Angles 

Bearings 

Uistances 

Northing 

southing 



1 

200 

20 W of 8. 

Ft. 

46 




42-29 


16 89 

2 

170 

10 E. „ 8. 

68 


— 

67 12 

10-07 

— 

3 

90 

E. 

60 


— 

— 

60-00 

— 

4 

184 

4 W. „ 8. 

19 


— 

18 95 

— 

I as 

6 

190 

10 „ 

24 


— 

23-64 

— 

4*17 

6 

179 

1 E. „ S. 

36 


— 

86 99 

•61 

— 

7 

166 

24 .. 

28 



25-68 

11-39 

— 

8 

88 

2 N. E. 

26 


•91 

— 

26-98 

— 

9 

194 

uw. „ s. 

24 


— 

23-29 

— 

6-81 

10 

220 

40 „ 

80 


— 

61-30 


61 42 






•91 

288 16 

108-06 

7812 






— 

•91 

78-12 

— 





1 

Southing 287*26 

29-98 Easting 


The messurementH given in the four last columns ore obtained from traverse tables, 
and are in fact the piquets of the sines and cosines of the angles made with the 
meridian line. The first column in those tables is usually designated bearing lengths, 
and may represent feet, fathoms, or chains. The only thing to be observM is, that 
the same denomination must be given to the products in the northing, southing, 
easting, and westing columns. For instance, the bearing from a to b, 2826, is 
29® W. of S. — 46 it. We find the degree at the head of the table corresponding ,w(th 
this, and tracing down the column of ' bearing lengths ’ we come to 46. Tlie measure- 
ments opposite this are the quantities to be entered. Particular care needs to be 
exeruised as to which column the products or bases are to be contained in, but by 
observing the simple rule of entering the largest product under the last denomination 
of the taring, all uncertainty as to its proper position will be obviated. Having 
obtained all me products iu this way, and tabulated thorn as shown, we proceed to 
add them up, and subtracting the lesser from the greater of the cwdinal points north 
and south, a^ also oS east and west, the difference shows the excess of southing from 
a to n is M ft 6 in., and eA eiwting 64 fb. 8 in. ; also that from a to x the southing 
or base gained in that direction is 287 ft. 3 in., and that the easting exceeds the 
weating by 29 ft. 11 in. A referenoe U>fig. 8896, where this survey is plotted, shoirs' 
that m rsndli obtained by arithmetical calculation ere corroborated iostrunsntnUy. 
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If it mui reqniTod to mnk shafts to eome down on the points d and x, we should 
ennply have to fix a circumferentor on the collar of the shaft a, and taking an obser- 
vation due south 267 ft. 8 in., and then doe east 20 ft. 11 in. ftom this station, tlie 
position of the shaft x would be determined. The exact situation of the shaft d ie 
found by repeating the operations with the measurements arrived at in the table a d. 

The survey is now reduced to two main lines or to the cardinal points south and 
east and their respective lengths ascertained, but though not Absolutely necessary, it 
is occasionally desirable on account of obstructions, and for other reasons, to resolve 
those two into a single line direct to the spot, and also to reduce the. two measure- 
ments to one. In this operation we have simply to got the hypothenusal distance by 
square root, and the angle by proportion. This may be accomplished as follows : the 
sum of the squares of the two sides are added together, and their square root extracted. 
As an example, we take the survey just computed, first from a to d : — 


Easting, 

54-68 

54- 68 

43744 

32808 

21872 

27 340 

2989-9024 


Southing, 

99-41 

99-41 

0941 

.39764 

89469 

89469 

98823481 

2 9899024 

128722605(113-45 ft. 
1 12 
21) 28 6-40 

223) 772 
669 

2264)10325 

9050 

22685) 126905 
^13425 
13480 


The quotient, 118 ft. 5 in., is the direct distance, therefore, from A to D. 


The hypothonuso of a x ie found in a similar manner — 

Southing, 
287*25 
287*2 5 
148626 
57460 
201076 
229800 
57540 
82512-5025 
896*8049 
83408-3674(288*8 
4 12 

48)434 0*6 

384 

568) 5008 
4644 

6768) 46436 
46144 
20274 

The quotient, 288 ft. 9 in., is the measurement trom a to x direct. 

VoL. IV. X 


Easting. 

29-93 

29-93 

89-79 

26937 

26987 

6986 

896*8049 
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The angle of a d ean he fhond by ptopoition as follows : 
ft. In. ft. In. 

If 99 H give 64 8 what will 6 ft. gifS f 

' _12 J 2 

1193 666 

» ^ g 

110838986(8 ft. 

' 8OT 

867 
1 ^ 

1103)4224(3 in. 

8579 

645 Answer 3 ft. 3 in. 


The angle of a s is ascertained in the same way 

287-3 : 29 11 :: 

12 12 

3447 359 

6 

3447)2154(0-7 19 
1 ^ 

25848 

24120 

17190 

13788 

34020 

31023 

2997 


A 


Thus wo have 3 ft. 3 in. ns a quotient for a p, and 7-49 in. fir a k. Wo hnvo 
now simply to turn to a proper tablo nppondod to tliis artielo (Budge’s 2od), giving 

tho bases corresponding with those quantities, 
2327 ft»d opposite that will be the degrees required. 

That answering to the fomior is 28° 45', and to 



Scale aoT-i ulcIl 


the latter 6°. A lino now from a, 288 ft. 0 in. 
in length, on an angle of 6° past of south, will 
give tho position of the shaft at k, and a line 
ftum a, 1 1 3 ft. 5 in. on an angle of 28° 45' east 
of south, will determine the situation of the 
shaft », Ten bearings with their respective 
distances have now been resolved info one 
final lino and one measurement, both by 
computation and instrumental operation, and 
the example shows conclusively that with a 
fair knowledge of square root and proportion, 
and assisted by traverse tables to get the pro- 
duct of the sines and cosines, and a Bnoge'e 
table to ascertain the angle in the manner 
described, the practitioner is in possession of 
all the arithmetical knowledge that is neees- 


oary to subject his surveys to the infallibb 

tost of trigonometrical solution. 

Before doeing this section the following additional example is given, to show that 
foaetions of feet and of degrees may be obtained, as these were purposely avoided in 
the survey just concluded. Suppose the suljoined bearings and distances represent 
the plotti^ surv^ {fy. 2327). It is proposed to sink a pei^dicular shaft to 
DUJiiaate c with the surface ; required the direct angle and distance firom A to a 
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pMpataioiry TahU, 


Dnft 

Bearing 

Distance 

Xforthlng 

Bonthlng 

Basting 

Werting 

1 

2 

8 

4 

. 6 

10 80 W. of N. 
40 46 W. „ N. 

2 16 E. „ S 

8 46 E. „ S. 
28 30 W. „ N 

ft In. 
20 6 
80 9 
24 6 
27 9 
60 6 

201 

23 4 

44 6 

2411 

27 6 

H 


— 

87 10 

61 10 

61-10 


^3 

Northing 36 0 

— 

Westing 48‘2 


We procood as before l)y extnicbing the square root of the sum of the two sides 
added Lr>gethor. 


Northmg. 

36 

36 


Wssimff. 
43 2 
43‘2 


216 86 4 
1 08 1296 

1296 ^728 
186624 
1296 

3162 24(66 2 
25 

lOG) 662 
636 

1122) 2624 
2244 


380 

The hypothenusol distance, therefore, is 66 ft. 2 in. 


By the following operation the angle is found : — 
ft. ft in. 

If 36 give 43 2 what will 6 ft. give P 

12 12 

432 618 

6 

432)8108(7*2 

8024 

84 

12 

1008 

864 

144 

By inspection of the tables referred to, this quotient is represented by 60® 16'; a line 
therefore from a, 66 ft 2 in, on an angle of 60® 16' west of north, u the position of 
the proposed shaft c 

SaonoH 6 Magntho Fartatum , — The phenomena of a constantly changing mag- 
netic meridian is so well known, that all careful diallers arrange their surv^ with a < 
view to aiy future variation that may occur, either by recording the exact deflection^ 
of the needle at the time the sun^’ey is made, or by at once reducing the angles to a 
true meridian and plotting accordingly. If, for instance, we are conducting a survey 
in 1876, we have simply to preface our entry of the diallings with a note, to the eflbct 
that the variation of the needle for this year is 23® west of north. It is adyisable, 

X 2 
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also, in making permanent plans of a mine to let the north point be distingnisbed hy 
two lines, one representing the magnetic, the other the true meridian. In annual 
eorrection of plans the declination of the needle for each jear should he indicated by 
faint lines radiating from the working centre, and the plotting be done from them, or 
the additions made will be inevitably erroneons. There is an spprociable diurnal 
deflection of the needle, but for ordinary work it need not be regarded. The dialler 
may now personally ascertain the annual magnetic variation of succeeding years by 
planting a permanent peg at any convenient spot, and flxing the circumferentor 
exactly over it — directing the sights 23° E. of magnetic N. A Arm peg driven in about 
100 yards distant will represent the true meridian at any fhture period. 

8HCT10N 7. Plans and Seotiotis.— l, Surface IHan. As its name indicates, thk 
plan embraces all the principal points in the sett. The boundaries especially should 
be boldly distinguished, and the main hedges and roads doflned. The direction and 
inclination of all known lodes and slides should also be delineated. 

2. Workina Plan . — What the chart is to the mariner so this plan is to the minor. 
It supposes that all the intervening ground is roniovod, and aflurds an unobstructed 
view of the actual course and extent of all the subterranean drifts, excepting those 
that may be immediately under the upper works. Fig. 2323 is part of such a plan. 

This plan is rendered extremely useful both fur measurements and for detonniniug 
bearings, at a glance, if it is divided by faint-coloured lines into 1 or 2 inch squares, 
those lines Isaiug of eourso parallel with the cardinal points. Tho termination of each 
draft should be distinguished with a dot, and in the case of levels merging into each 
other, the colours employed should form as great a contrast as possible. A properly 
divided scale of foot or fathoms should not bo omitted at tho foot of the plan, and a 
‘ reference ’ is generally serviceable. 

8. Longitudinal 8ectio?i . — This drawing exposes the sides of tho various shafts and 
excavations, and has reforonce to lengths and depths only. Ore ground, stopos, slides, 
and cross lodes, may be shown on this plan, together with the entrances to cross dr^ts. 

4. Transverse Section. This presents an end view of tho mine to the observer. In 
it may be correctly represented, cross cuts, the underlie of shafts, sumps, and veins, 
and also the mouths of the successive longitudinal drifts. 

In concluding this paper it may bo well to add that a simple mode of treatment 
has been purposely adopted, and tho more difiicult pobloms intentionally omitted ; it 
being considered advisable to make the subject ns intelligible as possible to a class 
of individuals whose circumstances have not favoured a liberal education. 


8f.cont) Tahix. — Budoe’s. 
Perpendicular Radius One Fathom. 


Aiifrle 

Base 

Hypothennsn 

Deg. 

Min. 


H 

la. 

Decimals 

Path. 

Font 

In. 

Decimals 

I 


0 


1 

•2568 

1 

0 

0 

'0108 


15 

0 

Bl 

1 

•5710 

1 

0 

0 

•0171 


30 

0 

0 

1 

•8854 


0 

0 

•0247 


45 

0 

0 

2 

•1998 

1 

0 

0 

‘0335 

2 


0 

0 

2 

•5143 

1 

0 

0 

‘0432 


15 

0 

0 

2 

■8289 

1 

0 

0 

•0554 


30 

0 

0 

3 

•1435 

1 

0 

0 

•0684 


45 

0 

0 

3 

•4582 

1 

0 

0 

•0828 

8 


0 

0 

3 

•7728 

1 

Bl 

0 

•0986 


15 

0 

0 

4 

•0882 

1 

mm 

0 

•1159 


30 

0 

0 

4 

•ia35 

1 

El 

0 

•1846 


45 

0 

0 

4 

•71‘<9 

1 

mm 

0 

•1544 

4 


0 

0 

5 

'0328 

1 

Bl 

0 

•1757 


15 

■■ 


6 

'3496 

1 

0 

mm 

•1980 


30 


0 

5 

•6604 

1 

■I, 

Bl 

•2171 


45 

■1 

0 

5 

•9825 

1 

■■ 
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J. B. 

BlAMOns. Africait, Soxnv. (Yol. ii. p. 19.) Diamonda were vae^ely re< 
ported to have occurred on the banka of the Vnal and Orange rivers, in South 
Africa, for a considerable time pMt, but it was onl^ within the last ten years 
that they have been known to exist in any parts in particular, or that any extensive 
workings have been wrought fur their production. 

About the year 1868 rumours existed in the Cape Colony and neighbouring States 
that certain travellers had made the discovery of diamonds in the country near the 
junction of the Vaal with the Orange River. Many biles are circulated, giving first one 
and then others the credit for this discovery ; it is probable that the discovei^ whs 
made by different parties independently of oach other. One of these stories, which 
seems not improbable, is that a certain trader, in visiting a * boor ’ (farmer) resident 
in these pnrts, found the ‘ boer ' had collected a variety of interesting mineral speci- 
mens from the surrounding country, and feeling some curiosity, induced the ‘boer’ to 
part with them. On the trader going down to the more settled parts in the Cape 
Colony, and submitting his mineral specimens to a gentleman of some mineralogioal 
knowledge, the latter declared the collection to contain diamonds. 

However it may have originated, the rumour spread with marvellous rapidity that 
diamonds had bMO discovered, and must of the residents in the country commenced 
looking over their farms, perchanoe they might discover ‘ mooi Uippen ’ (pretty 
BtonesJ, and in this way numbers of diamonds are said to have been found scattered 
over the ‘ veldt ’ (open country) for hundreds of square miles’ area. It is stated that 
one of the beat stones South Africa has produced was found at this time under these 
circumstances, and although its history is somewhat obscure, it is believed that « 
native picked it up io the ‘veldt,’ and that it was purchased from him in the first 
instance for a very small consideration, ’fho site w hero this is reported to have been 
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ibnod if moK than a hundred miles distant from what have been considered hitherto 

»8 the diamond mines of South Afri^ ^ . 

The drift about the banks of the Vaal KiTer was soon after found to contain 
diamonds, and digging and washing operations were carried on here for a short time 
very extensively, but with yery varying results. Whilst some diggers undoubtedly 
were- successful on the whole, the < river diggings ’ did not pay well, and they have 
now been almost, if not altogether, abandoned. 

Whilst the river diggings were in active operation, attentiop was still given to the 
occurrence of diamo^ in the ‘ veldt,’ until they were found comperatively so 
abundant in two or three places that the finders thoi^ht it might be worth while to 
search the soil for diamonds, and in this way the Diamond Mines were discovered. 

At first the soil was only turned over for a foot in depth, the workers thinking that 
the ground would not yield diamonds below that depth. It was found, how'ever 
afterwaixls that the diamantiforous material was not confined to a foot in depth, but 
oxtinMed to a considerable depth. Little or no water was available for washing 
pnrpoMOH to the early diggers, and all the material was sorted d^, for what diamonds 
it might contain, and hence arose the term ‘dry diggings,’ which was given to these 
mines in contradistinction to the ‘ river diggings.’ 

The mines ‘ DuToit's Pnn,’ ‘ Bultfontein,’ and ‘Do Boor’s’ — all within a mile or two 
of eiich other — and ‘ Goffeofoutein ’ and * Jiigersfoutein ’ — in the vicinity of Famo- 
smiih, in the Orange Free State — woro found simultaneously or soon after ench other ; 
and lastly, the ' New Kush,’ or what is now known as the celebrated Kimberley 
Mine, was opened upon. 

Many otlier ruslios occurred, consequent on the discovery of material, in difiToront 
parts, that looked very much like that which contained diamonds in the mines 
previously worked, but most of them have not been found as yet to contain 
diamonds. , 

Soon after the diamond mines commenced to work, it was found that the area of 
the diamantiforous material wmb in each case limited by being surrounded by a barren 
rock, quite void of those gems. The point of junction with this and the diamantiferoiu 
material was very distinct, and tho areas of the diamantiferous material in the 
mines Du Toil’s Pan, Bultfontein, Do Beer's, and Kimberley were discovered to be 
respectively about 3U, 20, 15, and 9 acres. For working purposes each of these areas 
are divided into imaginary squares called claims, of 100 square yards each. At first 
diggers would ac<juire liooncos to work two or more claims, working one part for 
diamonds, and using the other for depositing the dkhtU obtained from the claim or 
daims worked ; until at length tho non-worked portions began to fall, with their 
worthless dihri» on top of them, into the deroer claims which were being worked 
alongside of them. In this way one of the earliest mines — Du Toit’s Pan — ^bas been 
brought into a very disreputable state, for few diners have capital to remove the 
worthless rubbish that falls into the workings in this way. 

In starting the working of the ‘ New Rush,’ or what is now the Kimberley Mine, 
precautions were taken to avoid the system of working that had brought such disaster 
to Du Toit’s Pan, and roadways wore preserved at intervals of 60 feet, parallel to 
each other across tho mine ; and for this purpose every claim was made subject to a 
reservation of 7 feet 6 inches. All claim-holders were compelled to make use of these 
roadways to carry their material outside the margin of the mine before depositing it. 
At length, however, through the constant removal of diamantiferous ground abutting 
on what was left standing to form these roadways, those also became dangerous, 
and unfit for working in, as well as diingerous as roadways for carting the stuff 
out of the mine. Numerous accidents followed on account of the diggers persisting 
in their operations, notwithstanding the danger. All manner of devices were 
adopted or proposed for preserving these roads, but in the end they all had to 
be abandoned ; and tho difficulty then arose as to how the claims in the interior of the 
mine should be provided with the means to discharge their diamantiferous material 
without molesting or interfering with their neighbours. And this difflcultpr was at 
length met by tho principle of fixed wire tramways, which consisted of wire ropes 
fixed in the several claims and at the margin of the mine, and drawn up tightly by 
some mechanical appliance, such as a winalass or a screw. From these fixed wires 
buckets are suspended by a hook, which hook is fitted with a pair of wheels for 
running along tbe fixed wire, the buckets, when suspondod, hanging vertically under 
these wheels, which are tbe points of support (j?^. 2328). Windlasses, horse-gins, or 
■mall steam engines fixed on the margin of the mine, are used for winding these 
buckets along the^ fixed wire. On this principle far the noatest part of tbe dmmant- 
iferous material is now drawn out of the Kimberley Mine. In the first instance 
human labour was the only motive power used for winding in this way, but recently 
horse and steam machinexy have been superseding it to a groat extent, the capacity of 
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the backets yaiylng ttjim about one cubic foot» for human labouTt up to one oubio yai4 
for steam macoine^. For these heavier weights two lines of wires have b ee n used 
for one bucket, having four wheels — two for each wire — and travelling along the two 
wires precisely similarly to the working -of an ordinary tramway, except the weight 
is suspended Ulow the wheels. 

2828 



The number of miners employed in and fur the Kirnlierloy mine is not nearly as groat 
now as it wtu9 in the early days of its working, but the uumbur is still considerable, 
A rough estimate has been made, which gives 1,000 white men, 10,000 natives, 
and 1,000 horses, and about 60-horse power of small steam engines, as tho total 
power employed. 

At one time it is stated that there were no loss than 1 ,000 individual interests m 
tho mine of Kimberley, winch is, as before stated, about 0 acres' area, each interest 
having its own windlass of tho fashion described, and all winding from the ma^in of 
the mine. So many, indeed, were those, that tho margin of the mine was not sufficient 
standing ground for all this winding apparatus, and staging had to he erected pro- 
viding for tiers of two or tiireo of those windlasses over each other. The appearance 
of the mines at this time, with such a large number of fixed wires all more or less 
converging from the circumforenco tu the centre, was something similar to a hugs 
spider's web, and, joined with the whizz and burr of such large numbers of windlasses 
in action, and the incessant shouting and yelling of the native workers, presented a 
very striking and singular scene to the eye of an obsorvor. 

Kow (1876) the number of interests has been reduced to 300 or 400 ; this has tended 
to lessen the number of these separate winding appliances ; but the depth to which these 
fixed wire tramways can bo continued without having some intermediate support 
must necessarily be very limited, on account of tho enormous strain which the 
suffer when the load is on it and about midway between the points of support, lliis 
has been so far appreciated already that shafts are now being sunk outside the mins 
in the ' country,* or natural rock, and these are to communicate by drifts into ths 
diamantiferous ground of which tho mine consists, and along these drifts it is intended 
to convey tihe material from its original site to the bottom of the shafts through 
whiidi it IS to be hoisted. 

The process of extracting the diamonds from the dJlMa with which they are asso- 
ciated has varied. On the disooveiy of Uie mines tho stuff was simply allowed to 
disintegrate through atmospheric influences, after which it was pass^ through a 
series of sieves of different sizes ; that which imssed through the finest sieve being 
treated as refuse, or such as not to contain diamonds of sufficient magnitude to be 
worth sorting ; whilst the various other sizes wore all sorted over on a table— which. 
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to nj the least, was a Ytsy tedions operation. Diamonds in any case being seldom 
found, the work, too, so monotonous that instances are known where yeiy 
patient searchers hare not noticed diamonds which must have passed under their eve, 
and the diamonds have in this way escaped the detection of the searcher. This 
process was known as the * dry sorting process,’ and the diggings the ‘ dry diggings,’ 
both beipg-used'in contradistinction to the ‘ river diggings ’ and the process of washing 
for diamonds. ... 

More recently — since the sinking of wells and the discove^ of water in the mines 
themselves, as they have become deepened, have given the diggers a bettor suimly of 
water — the washing process has been applied to the material of the so-callM ‘ dry 
dig-gings,’ as well as to the ‘ river diggings.’ Different machines have been constructed 
for washing for diamonds, but the principle of obtaining the diamonds seems to depend 
on the fact of the greater specific gravity of the diamond than of the lai^ quantity of 
calcareous matter with which it is associated, joined to the fact of the little oohesive- 
nesb that exists between the muddy water (which is considered on this acoount most 
suited fur the purpose) and diamonds, compared with what exists between that 
m^ium and the particles of calcareous or shaly rock matter. The residuum from 
these washing processes consists chiefly of the minerals ilmenite, garnet, jiyrites, &c., 
and particles of basaltic rock, all of which have as great, or greater, specific gravity 
than the diamond, and this residuum has to be sorted over carefhlly, as in the process 
of * dry sorting,' for such diamonds as it mav contain, excepting that the quantity to be 
so treated is perhaps only 6 per cent, of what would require to be so treated by the 
*dry sorting process.’ The washing process has proved a much more economical 
and safe process than the ‘dry sorting,* iusomuch that almost the whole of the 
material of the refuse from * dry sorting ' has born washed over for diamonds, and 
given very satisfactory results. 

The comparative richness of the diamond mines varies , but it has been stated 
that approximately the gross mean value of a ton of the diamantiforous material 
from Iviinborley Mine is about 2ds., wlalst that of De Beer’s and Du Toil’s Pan 
mines is probaltiy less than half this, and that of Bultfontoin less still. But this 
figure must only he considered approximate, for there is no direct evidence on the 
point, as no statistics of returns are kept, and the mone^ value will necessarily vary 
with the market price of diamonds, that stated having reference to what it was in the 
early part of 1876. The diamantiforous ground varies very much in productiveness 
even in the same mine. Per instance, in the Kimberley Mine, which is now (1876) 
assessed for rating purposes nt a gross value of about 1,000,000/., the sum per claim 
varies from 6,000/. to 100/., and although the mean value per claim of the Kimberley 
is greater than that of the other mines, still there are many claims in the Kimberley 
Mine which ore scarcely considered worth working, whilst there are a few in the 
poorer mines of Do Beer's and Du Toil’s Pan which are considered valuable, and realise 
considerable sums when they chauge hands. 


On account of the Kimberley being tho richest of the mines, it has received by far 
the largest share of attt'ntiou, and from it by far tlie best results have been obtained. 
The area of the mine lo, as before stated, about 9 acres ; its shape in plan is somewhat 
elliptical, being 300 yards in length and 200 yards in breadth. The greatest depth 
attained in the beginning of 1876 was about 170 feet, and mean depth probably not 
more than 100 feet — the richest points of the mine, as might bo expected, having 
received must notice and been worked to the greatest depth. Some small quantity 
of water finds its way into the mine, but as yet this has not been a very formidable 
difficulty, a small steani>engino of about lO-horse power being amply sufficient for 
removing it. By far tho greatest difficulty which the diggers meet with is the con- 
stant source of danger and expense arising from the tondiency which the sides of the 
mine have to ^ fall down into the mine, and upon the ground where the diggers are 
ongaged. This requires, therefore, considerable attention to avoid accidents, and 
expense for removing the broken parts, as they from time to time occur. 

It is estimated that the year 1876 will require an expenditure of nearly 100,000/. 
for this purpose, and there is every reason to assume that the quantity of material ot 
this kind which must be removed will increase in the ratio of the square of the 
depth attained, which may bo said now to bo about 100 feet, and is being increased at 
the rate of about 20 feet per year. 

The Kimberley Mine presents in oue view, perhaps, one of the greatest monuments 
of human indust^, as applied to mining, as can be seen in the world, for whilst many 
mines wo, in their several subterranean workings, much more elaborate and extensive, 

E t the whole extent of these cannot be seen at once, as can that of the Kimberley 
ine, which is entirely exposed to daylight. Notwithstanding the notoriety of tho 
Kimberley, it can scarcely be considered a credit to tho times. Most of the work 
which has been done at an enormous cost by human labour might have been ofihoted 
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with much better .economy machine labour, and a combination of the preaent 
indiyidual interests would have reduced several of the chaigos of the mine to a 
minimum, instead of maintaining it at the maximum which is now forced through the 
verv great subdivision of interests. Still, ito working has been attended with extra- 
ordinary results. It is estimated from the time of its discovery till the end of 1875 
^about five years), not less than 10,000,000/. of diamonds have been obtained from 
(t. The cost of maintenance of the working of the Kimberley Mine, with the staff 
engaged at present, is, perhaps, al)OUt 1,000,000/. per annum. 

llespecting the geological features of the diamond mines, they are very singular, 
but at the same time those of each of the mines seem to be very much in common 
with the others. What are known as the * river diggings’ are comparatively simple 
enu' gh, and consist of a * boulder drift ’ in the bed, and on the banks of the river 
Vaal ; but the ‘ dry diggings,’ generally speaking, consist of pipes or chimneys of 
diamantiforous material cropping up in various parts of the country, the areas of 
which respectively are more or less defined, and vary cousiJenibly in extent. The 
walls of the containing rock about those pipes, as far as has been ascertained, are 
more or less vertical, and consist in most iiistiiiices of shale broken by numerous 
* faults ’ and intrusions of basalt ; whilst the diamautiferous material is a ‘ breccia ' 
of fragments of limestone, shale, and basaltic rocks, with a sprinkling of* pyrites, 
g.irnets, mica, spinollc, ilmenitc, &c , with occasional diamonds, and other minerals, all 
cemented together by a calcareous clay. Instances have been known of tlie occur- 
rence of specimens of charred w'ood, and some of the fragments of limestone contain 
fossils. 

The four principal mines are Kimberley, De Beer’s, Du Toit’s Pan, and Bultfontuin, 
and are all contained within a circle described by a two-mile radius, and it is singnl.ir 
that, although the containing rock in each mine is more or less distinctly defined alxiut 
tile diamnntiferouB ground, in each of the mines there remains a point whore it ^ nut 
so. The diamantiferous material has only been followed by the ‘ diggers ’ ns far as 
they have considered it remunerative, and whore it has become not so, they have 
discontinued their operations, and there is therefore no evidonce to show tliat the 
diamantiferous ground in all of the mines are not part and purcol of the same, con- 
nected with each other by more or less fine scams of the same material. It is possible 
that this is the case even at the surface, but whether this is so or not, there are 
strong grounds for presuming that these ‘ breccias ’ of diamantiferous material are an 
eruptive formation, and that the whole of the so-called separate * deposits ’ or * mines ’ 
communicate with each other at some indefinite depth. 

The mines Jagorafontein and Coffeefontoin are in the territory of the Orange Free 
State, and are distant about 80 miles south of those of Griqualand West. The mckle 
of occurrence of diamonds, and the formation generally, as ^ as can be Seen, arc 
precisely similar to those of Griqualand West; but they are genwally considered 
to be much poorer, and on that account are being very Hide worked. 

Numerous discoveries have been made in the neighbourhood of the diamond mines 
friim time to time of other deposits, which at first sight present no material difference 
from those of the diamond mines. In each instance these discoveries caused very 
consideraUe excitement, but in no case have they been found to contain diamonds in 
sufficient quantities to cause their being worked. Indeed, considering the inducements 
which exist at such times for fraud, it is doubtful whether the diamonds which have 
been reported to have been found in those discoveries were actually found. 

There seems now no reason to assume that the deposits of material containing 
diamonds in the mines of Griqualand West will discontinue as greater depth is attained 
but rather to presume that they will extend to such depth, as will render the cost of 
workiftg so gr^t, as to enforce a much more economical system of working than the 
present large number of individual interests will admit of.- F. O. 

Diakokus, Austbauak.--* As early as 1860, the Rov. W. B Clarxb mentions 
the discxivezy of diamonds in the Macquarie River, but gives no information as to 
whether they were found in the present river bed, or in an ancient river drift. The 
Mudgee diamond works are situated alxmt 170 miles south of Bingora, on the 
Cudgegong River, which runs into the Macquarie Itiver, and that again into the 
Darling River. The gold-diggers first discovered diamonds here in 1867 ; they were 
neglect until I860, when they were rather extensively worked. The localities lie 
along the river in the form of outliers of an old river drift at var^ng distances ffom 
the river, and at heights of 40 feet or so above it. Those outliers are capped by 
deposits of basalt, hard and compact, and in some cases columnar. This basalt is 
regarded by Mr. Tatlob os of Post Pleiocene age, but this 1ms not been determined 
directly by any fossil evidence. There are five patches of this ground boiug worked, 
in all comprising about 510 acres. In one of those patclies a peculiar deposit of 
crystalline cinnabar was found. No diamonds have been found in the river bedi 
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•xwpt in places where the digigers have dlscliarged the drift into the river when 
wash < 11 J for gr)ld. 

* Amongit the minerals associated with the diamonds are the following:^!. Black 
vesicniar pleonast. 2. Topaz. 8. Quartz. 4. Corundum, a. Sapphire; b. Ada- 
mantine s^ ; 0 . Barkljrite ; d. A bluish-white variety characteristic of Mudgoo ; 
e. Riihy ; /. Boiled corundum, dirty-white and pink, ti. Zircon. 6. Tourmaline. 
7. Black CitaniferouB sand. 8. Black magnetic iron-sand. 9. Brookito. 10. Wood- 
tin, rare. 11. Garnets. 1 2. Iron from tools. 13. Gold. 14. The Diamond. 

‘ The largest diamond found hero was fif carats « roughly 1 6‘2 grains. The avornge 
sp. gr. 3-44, and the average weight 0‘23 curat, or nearly 1 carat grain each. The 
carat contains 4 carat-grams, which are equal to 3*16 grains troy. 'Phe Newer 
rioioccue drift afforded a few diamonds. Diamonds havo also been found in Victoria, 
blit of small size and in no large quantities. 

‘ The Bingera Diamond Works uro situated in a basin or closed valley amidst the 
hills; this basin is about four miles lung by three wide, and is open to the nortii. 
Tlio lock upon which the diamond drift rests, or the ‘ bed rock ’ of tho minerals, is 
an argillaceous shale, in one part of tho field a junction of the argillaceous shale 
V ith couglomorato is clearly shown in a cutting formed by a small gully. Both the 
shale and conglomerate bods appear to have undergone much disturbance, and ut 
this |iartieulur spot diamonds are said to bo plentiful on the conglomerate but not on 
the shale. Up to the pr<>sent all the diamonds have boon found within a foot or so of 
tho surface, in fact just at the grass roots. In no case have the workings been 
carrietl to greater depths than two or three feet. In former sinkings the gold digger 
occasioiiully found diamonds at tho depth of 60 feet or more, but as the men were 
working for I'old, little heed was paid to the diamonds, and it is probable that they 
fell in from tho surface. 

‘The list of minomls accompanying the diamonds in tho Bingera Works is as 
follows: — 1. Tourmalino. 2 Zircon. 3. Sapphire. 4. Topaz. 6. Garnet. 6. 
Spinelle. 7* Quartz. 8. Bruokite, rare. 0. Titaniferous iron. 10. Magnetic iron 
ore. 11. Wood (in, rare. 12. Gold. 13. Osmiridium. 14. Diamond. 

‘ Gne of tho Guinpunics, when prospecting the ground, found the drift to yield aa 
fid lows; — 


6 lo.uls yielded 

• • . 41 diamonds 

,, ... 

. . . 143 

„ 

6 I, ... 

1 . 88 

II 

6 ., ... 

. . . 126 

ft 

6 „ . . , 

r . . 163 

II 

6 „ . 

- . . 89 

II 

Befuso from machines, &;c. , 

41 

n 

34* 

690 

11 


or on the average 23 diamonds per ton of stuff, regarding the load ns equal to 1 ton. 
The above wore obtained by the Gwydir Diamond Mining Company. 

‘The following is an account of the numla>r obtained by Messrs. Westcott and 
M‘Caw from the Eaglohawk claim, up to August 26, 1873 : — 


400 diamonds 
420 „ 

310 „ 

200 „ 

860 


weighing 192 grains 
» 1»9 „ 

It 103 „ 

.. 100 „ 

.» 160 « ^ 


1,680 


808 „ troy 


* Up to the present no large diamonds have been found, the largest hitherto met 
vdth being 1 only of 8 grains, 1 of 4 grains, 6 of 3 grains, 86 of 2 grains, and 1,687 
of less than 2 grains. 

* No mention is made of tho kind of drift from which tho above quantities wore ob- 
toined ; they, however, aiibrd an opportunity Of roughly estimating the yield.’ — JVo- 
feasor Livansrona, of the Univereity of Sydney. 

The following account of the discovery of diamonds in New South Wales is from 
toe pen of the Government geologist in the Mines and Mineral StatieHcs of New South 
Walw, published in 1876. 

* On the Borah Greek, which flows into the Gwydir about two miles alxnre tha 
junction of the river with Copers Creek, several patches of pebble-drift, iron-stone, 
and elays capped with basalt, mark toe eourse of a email lead. Kot-far from its 
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Bonrce the 13orah Creek oroBses the lead; and for about 2^ miloB doTOi the 
which lies between abrupt granite ranges, it has been entirely denuded, but below 
this point it may be traced now and again in a N.E. direction by patcheB of drift 
covered with basalt. It is immediately below where the creek has first cut through 
the lead that the operations of the Borah Tin and Diamond Mining Company have 
been carried on in sluicing the more recent alluvial drift. Beside seyeral toiM ul 
stream tin, upwards of 200 diamonds were obtfiinod in a few months. Mr. ThoB. 
Adams, one of the proprietors, showed 86 of the diamonds, which were weighed and 
found to average 1 oarat-graiu each, tiie largest of them weighing 6‘5 carat-grains. 
They are mostly of a light-straw and pale-greenish colour. Several wore nearly 
octahedral crystals, but the rest were modifications, with curved facets and edges, 
some appearing almost spherical in shape. Sapphires and ^rnets occur in the 
diamond- bearing drift, together with small polished black pebUes. If the diamonds 
have been derived from the old lead, no doubt many more will be found where it has 
boon entirely denuded, and the tin ore and diamonds it contained have been re-dis- 
tributed in the alluvial deposits lower down the creek. From the Bengonover Mine, 
about two miles below the Borah Mine, several diamonds wore examined ; the largest, 
not of good form, weighed 7'6 carat-grains, and gave specific gravity 8*4. 

*The fact that the diamonds from the Borah Mine are found in the creek, im- 
mediatelv below whore it has cut through the lead and the small black pebbles associ- 
ated with the diamonds, may point to the former existence of another formation, but 
no vestige of it in situ now remains to prove it. The surrounding country appears 
to be entirely of ^anito. Whether the load may bo the original matrix of the 
diamonds, is a question difficult to determine ; it may, however, be mentioned that the 
facets and edges of the diamond crystals do not appear to bo in tho least degree 
wator-wom or abraded. It is said that two diamonds have been found near New- 
stead. Another one was obtained with the tin-ore fiH>m the old tertiary drif^t the 
Stauuifer Tin Mine, Middle Crook, and three others have been discovered in lCl^|['s 
Branch Creek at the Britannia Tin Mine.' 

The first mention made of the existence of the diamond in New South Wales ii 
one by Mr. £. H. Hahoravbs, who, in his report, dated from tho Wellington Inn, 
Ouyoug, on July 2, 1851, refers to some enclosed specimens of gold, gems, and* a 
small one of the diamond kind,* from Hoedy Creek, 16 miles from Bathurst. Tho 
next record of the occurrence of tho diamond in New South Wales appears to have 
been made by tho Rev. W. B Claicrr, in an appendix to his Southern Gold 
published in 1860 ; he records that four were brought to him on September 21, 1859, 
which were obtained fWim the Macquarie River, near Siitbor’s Bar ; the crystalline 
form which they exhibited was that of the triakisoctahedron, or three-faced octa- 
hedron, and one of them had a sp. gr. of 3*43. Another, which was received fi^om 
Burrendong, on December 29, 1859, had a sp. gr. of 8*50. One from Fyramul Creek, 
crystallised in the hexakis or six-faced octahedron, weighed 9*44 grains, and had a 
sp. gr. of 3*49. Another was sent to him in August 1660, which had been fiound 
in the Calabash Creek by a digger os far back as 1852. 

Diamonds were found bv the gold di^rs on the Mudgee Diamond Diggings in 
1807, but wore not especially worked untu 1869. 

The diamonds were obtained from outliers of an old river-drift, which had in parts 
been protected trom denudation by a capping of hard compact basalt. This drift was 
made up mostly of boulders and pebbles of quartz, jasper, agate, (quartzite, flinty 
slate, silicified wood, sliale, sandstone, and abundance of coarse sand mixed with mors 
or less clay. 

Many of the boulders are remarkable for the peculiar brilliant polish which they 
poss^ The princip^ minerals found with the diamond are gold, garnets, wood-tin, 
BrooKe, magnetite, ilmenite, tourmaline, zircon, sapphire, ruby, adamantine spar, 
Barklyite, 4|pBmon, and a peculiar lavender-coloured variety of, corundum. 

The lustre h usually brilliant or adamantine, but occasionally they have a doll 
appearance. 

llie diamonds at Bingera occur under almost exactly the same cirenmstaneea as at 
Mudgee, and with the same minorals. 

Prom a series of determinations made of nineteen of the Bingera diamonde, a mean 
sp. gr. of 8'42 was obtained. (For details vide paper upon the Bingera Diamond 
Reldf, Thms. Roy. Soo.^ N.8.W., 1873.) 

Diamondf have also been found at Bald Hill, Hill End, with the same game as at 
the above-mentioned places; one octahedral crystal, rather flattened, weighed §*6 
grains (troy) and had a sp. «*. of 8*68. 

A sp^men of ‘ bort * or black diamond was obtained near Bathurst ; it is of abodt 
the size of a huge pea, black in colour, with a graphitic or black-lead lustre : it is 
very nearly q^herical in form, but has a few sl%bt irr^;ular processee, which eeem to 
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b« d«a to an attempt ta aaeome the form of the hexakia ootahedron. Its weight ia 
7*86* grains tr«^. 

Hr. Wilkinson mentions that from the Bengonorer Tin mine sereral diamonds 
were obtained, the lariat weighing 7*6 grains. Two hnndred diamonds were ob- 
tained in a few months at the Borah Tin Mine. Diamonds have also been fbnnd in 
the Tnron, the Abercrombie, the Oudgeroi^, Macquarie and Shoalhaven RiTers. One 
was found in August 1874, valued at sl, in Brook's Greek. There are several other 
localities in which small diamonds have been found. — For these consult Professor 
AaoHisAin Livkbsidob's Minerals of New South Wales. 

Diamonds, Black.— The Soci4t4 d'Encourngement pour I'lndustrie Nationals of 
^aris are offering (1877) a prize of 3,000 francs for the artificial preparation of 
compact black diamond ^commonly called bort or carbonate), and for obtaining thereby 
a powerful means of action for working hard metal substances, dec. We know that the 
carbon deposited on one of tho poles of a voltaic circuit is so intensely hard that it is 
need for polishing diamonds. 

Among the comparatively recent mechanical arrangements are many in which the 
diamond is made to play an important part. Diamond drills have proved valuable 
tor prospecting mines. Again, tho diamond ia now also being used in this country 
and in America for channelling and quarrying stone, as well as working and carving 
it by rotary and traversing drills or bits of various sizes and shapes, armed on 
thoir surface with blade diamonds which are shaped with sharp angular or curved 
cut ting edges ; these bits are made to traverse and rotate at a very high rate of 
speed, following tho interior line of a templet, producing thereby beautiful patteniB 
of pannolling of any design or depth desired in stone. The rapidity with which the 
wora IS done, and the smoothness of finish, is something marvellous. These points 
are also nnod effectively for trueing hardened steel faces, such as dies, &c., also 
chilled iron and paper calender rolls. 

Much credit is duo to M. Losc hot, of Switzerland, for bringing into extended use the 
block diamond for tunnelling, &c. The black diamond, which is found to be the 
loheapest, hardest, and most durable of the diamond species, was discovered among the 
diamond mines of Brazil. It is found generally in pieces about the size of a pea, an4 
sometimes in masses of over 1,000 carats. It is opaque, and m outward appearance 
resembles iron ore, while it is often covered with a bright black skin. When broken 
the interior is all of one colour, grey, and presenis tho appearance of a compact 
eiystalline substance like that of fractured stt>el. Its use for tne purposes previously 
Bkentioned, as well as for working the transparent gem for ornamentation, proves it 
to be the hardest known substance, which gives it the precedence and preference to 
Bteel where durability of a cutting edge and accuracy are required. 

The inventor or discoverer of the moans or process for reducing this densely bard 
and valuable mineral is an American, a worker of diamonds in their natural state 
most of his life, and who has made their character and nature a study. Being alive 
to the prospective extended field of usefulness to which the diamond might be ap- 
plied, he visited some few years back tho diamond workers of Holland and other 
European countries tu ascertain if it had ever been or could be shaped. The uni- 
versal reply was, those black diamonds neither bad been nor could ^ shaped, they 
were so hard no lap would grind them to an acute angle, like steel ; while even if 
they could be shaped by the same means employed with diamonds, the reev cost of 
doing so would prevent their profitable use as a substitute for steel. Nothing daunted, 
and regardleee of such discouraging information from some of the oldest and most 
experienced shapers and grinders, he returned home .with the set determination to 
solve tho problem, and, if possible, obtain the desired results. After many ex- 
periments he realised hie moet sanguine hopes, and succeeded in reduciaiLthe 
black diamond into any sha|»B desired, with acute edges, as with sted, and isRioh 
cost as to make them practically ue^l for working stone as waU hatdsned 
steel. * 

BlAMOm WAHSXVO Mr. Atcinb, of Kimberley, oonstraoted 

a machine for washing diamonds and sought a patent for it. QBhis was submitted to 
an engineer, and from his report the following abstract is made 

* There can be no doubt but that there is a certain similarity in the mechanical 
leonstmction of Mr. Arxiifs'e machine for which a patent is sought, and some others 
which axe used for euMrely different purposes — such as those wd for disintegrating 
^ye— either for the purpose of removing gritty matter :^m the days, and eoono- 
miiinp^ the day, or else for getting rid of we day matter and economising the eand 
or mtty material, in the former of which may be oonaidered a machine which is 
used for making mortar and brick material, all the rough or grit material which it 
is desirous of getting rid of being deposited in the eircuur or annular troiwh, whilst 
the day-matter remainiqg in euqpei^on in the slightly agitated water fiows over 
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vith it, and is collected as a sediment in suitable receptacles provided for that pur- 
pose. In the latter case, whero the sand and grit material is sought for, -we may 
consider whai is known in gold-washing countries as a “ puddiing mariiine,” where the 
lumps of alluvial clayey matter are placed in the machine. After disintegrating them, 
It allows the clayey matter to p»as8 over (with the water) the upper ridge of the trough, 
whilst the grit and sand material is loft in a state mure fit to be subsequently treated 
for its metallic contents. 

* Notwithstanding the similarity in construction between Mr. Atxiks’b machine 
and those referred to, tiiere is such an alteration in the relative proportion of parts 
as to make it quite unfit for disintegrating the alluvial clays for which tlie ** puddling 
machine ” is peculiarly adapted, and also unfit for the separation of gritty stuff from 
mortardiko material. Mr. Atkws’s machine is neither a “puddling machine "nor 
a “ mortar-material mechino ; ” neither of these will answer the purpose of diamond- 
washing, which this machine is especially adapted for. 

* There is quite another principle involved in obtaining diamonds by Mr. Atkins’s 
machine from that which is brought into action by merely disintegrating clays and re- 
moving the grit from thorn by the other machines. The principle to be explained 
as accounting for the deposition of diamonds in Mr. Atkins’s machine involves the 
consideration of a rather abstract scientific subject. Any material heavier than water, 
if let fall into water, descends with a velocity pniportionato to the spoeifle gravity of 
the body, and the amount of its superficial area as compared with its bulk, the latter 
of which diminishee in the proportion of the square to the cube of its mean diameter. 

* In illustration of this, like bulks of similar specific gravity and equal surfaces 
descend with equal velocities ; unlike bulks with similar specific gravities, with un- 
equal velocities ; and further, it is quite deducible from this law that even a bodv 
with the lesser specific gravity may have the greatest velocity in descending through 
water, provided that the body with the least specific gravity has also such small 
amount of surface, when compared with that which has the greater specific gravity, 
as to account for the greater velocity of the former. For instance, a sheet of gold 
might easily be suspended in water which is sufficiently agitated, where a sphere of 
iron would sink readily, although the former is nearly three times the BjMicific gravity 
of the latter. 

*On the law just explained depends the action of the mortar-material machines and 
the puddling machines, for although the particles of clay or fine matter might happen 
to be of greater specific gravity than the particles of grit which descend, yet the 
former remains suspended in w'ater, and is carried over ^ong with it, owing to the 
gTMter amount of surface of the clay particles compared with their bulk tlmn what 
exists in the particles of grit matter or sand. But in Mr. Atkins’s machine, veiy 
small diamonds are left in the trough, whilst comparatively large pieces of gravel 
are thrown out ; the specific ^avity of this gravel or waste matter which is dis- 
chai^^ compared with the diamond is only in the ratio of 2*6 to 8*6-6, which is not 
sufficient to account for the retention of such small diamonds and the discharge of 
such large pieces of waste matter as the machine is capable of. This fact is in oppo- 
sition to the law upon which the puddling machine and mortar-material maouna 
acts, as these are found to throw out their clays and to retain their coarse material. 
I can only account for this action of this mi^ine by its peculiar construction and 
proportion of parts, producing some other action than that of the others, whilst Uie 
latter (puddling marine, &o.) have such a rosorvoir of water as to allow of the 
subsidence of the coarser material and the outflow of the water with the clayey 
matter. 

* The diamond material is taken into this machine in a dense liquid state of slime 
and^ipater. The force of cohesion between the waste particles and the slime water 
is greater than that existing between the diamonds and slime water, thus admitting 
of the iiio#weady suspension of the former when compared with the latter, and in 
this way the diamonds more readily sink through the slime water to the bottom of 
the trough. Also, while the diamonds may be actually in suspension, they are not so 
readiiv carried by the rakes to the exit part of the trough (owing to the greater 
smootnneBS not only of the faces of crystals, but also in the case of splints from their 
excellent cleave planes) as the rougher particles of waste. 

'This principle of dressing diamonds is exemplified in the deposition of the dia- 
moDds in the annular trou^ with minerals of much grrater specific gravity, and 
apparently in common with each other, such as iron pyrites, ilmenite, nod garnet, 
whose spedfle gravities are 4-9-6*], 6-^, and 3*l-4‘3 respectively, uhilst the duimond 
has only a spedfic gravity of 8 6>6. * 

' This fact of the little cohesion existing between the diamond and the dime water, 
combined with the smoothness of the diamond faces, accounts for the violation €it the 
law before explained, and fiirthor is appropriated by Mr. Atkins’s machine with ap- 
proximate eompletenoss. 
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«It to thttelbM dm to tlM ehanm in proportion of putt between the ** Protected 
Xnehine’* t^ the othere, that the former to made to aniwa te the pnipoeea of 

di—fi«tid .nthi T ig/— F. 0. 

BZBTMIUM. (V<d. ii. p. 39.) Thia metal hw been detected in pjtomoiphite 
irom*Gluhiberland« ... . . 

To eepaxata didyminm from lanthanam the eolation oontaining the two metato le 
precipitated, to the extent of one>half; with ammonia, and the waahed precipitate ie 
left iu twentj-fbur honre at the oidinazy temperature in oontoct with the rest of the 
eolation, beina frequently etirred. The lanthanum, being the etron^ baae, then paeaM 
into the soluuon in predominant quantity. The lanthanum solution thus obtained is 
treated in the same manner. After the eeoond treatment the solution gives but 
slight indications of the presence of didymium, even with the epeotroseope. 

£bx oonsidere a didymium solution as free from lanthanum when, on precipitating 
the oxide with ammonia and treating it as above, no differenM of colour or ox atomic 
weight can ^ found between the filtrate and the oxide precipitated from the filtrate.— 
JEVA, ZeiUckr. fur Chem. (2), vii. p. 100. For equivalent and atomic weight, cee 
Wattit9 Ihetumary of Chemistiy, 

nXBTSSZra. a phosphate of copper, having the composition Cn*P0*-l-20u 
II «0*, or 8CuO P»0* + 2(Chi0H*0). 

BXMnmAMm. Diphenylamine yields a remarkablv line blue colour 
with concentrated nitric acid on mothyl-diphenylamine, which is obtained bp treating 
diphenylamine by iodide of methyl at temmratnres above 100® C. It yields blue or 
violet compounds with arsenic acid and witn the metallic nitrates, chlorides, iodides, 
or bromides. See Akilixx, Emgctroltsis or. 

BSRCmnJkMZir. See Aurantixi. 

BiaTmmrriMO maobxvh. nva. Bee Pniirruro. 

Brwnra abb Mnmro ABBABATW. See Divum Bull and Dmua 


Brbss, vol. ii. pp. 61, 68. 

The use of tho diving dress has 'ooen long known, but it is only of late years that 
attention has been directed to the 'ise of dresses of a similar descri^ion to enable 
men to enter into the atmospheres of mines charged with the effects of the explosion 
of fire-damp, or to penetrate tho suffocating atmosphere of rooms during a fire. All 
the arrangements which have been introduced consist of a dress perfectly air-tight, 
fitted with valves and tubes, by means of which pure air to supplied to the wearer, 
and all the products of combustion aro rapidly carried off. 

The Aerophore of Dsmatroozr has attructM much attention, and his application of 
the submarine lamp in connection with it mwits earefhl consideration. 

The diving dress is composed of an elastic waterproof covering, in a single piece, 
endoeing the whole of the bodp and limbs, leaving the extremitieB free, exoluding 
water at the wrists, and provided with strengthening pieces at all points where 
experience has shown that there is a tendency to wear. It is fitted around the 
neck, over the shoulders, with a flat indiarubber collar having three lugs or ears, 
perforated for the fastening to, and connection with, the helmet. This latter to con- 
structed in two parts nnit^ by flanges, and screw-bolts and nuts, whereby the india- 
rubber collar of the dress is tightly compressed, so as to make a perfectly watertight 

{ oint and connection ; the upper part is the helx^t proper, covering the head, and tho 
ower part is the gorget or breast-plate, which rests upon the shonlders ; the eollar, 
being turned over the flange of the gorget, acts as a washer when the helmet-flange 
IS placed on it and tightens up by the bolts and nuts. Tho headpiece is provide 
with four glased openinn, and fitted with two air-outlets, wherew the one is an 
ext^al tap, which the diver can open and close with his hand, the other being a 
Bpring-valve with an internal spindle and knob, opening thus with the meres^pree- 
Bure of the head, at the diver's will. 

But the most important p^ of the apparatus relates to the supply dftoir, which, 
by a simple and natural device, is kept cool and pure, notwithatanmng that the punro 
may be worked in a place where the air is liable to bs vitiated, as in a well, or coal- 
mine. Moreover, inasmuch as practical experience in diving operations has shown 
, that the direct supply of air from the pump le attended by ooneidmble inconvenience 
and some risk, a great improvement hu been effected by the interposition of an air- 
reserroir, so that the diver is aupplied from a stored volume of air, in lieu of directly 
from the pump, relieving him from exesMive pressure, regulating the supplv, retaining 
the air by a valve, distributing it as requiiM, and oontinuing the supply fur some 
tuns, even ehould the pomp from any cause have ceased to work. 

The pulnp is double-acting, and constructed on the oscillatiing lever principis ; tbs 
pirions being fixed and pivoted to the bed-plate, and the oylinders similarW attached 
to the operating lever beipg thus s^e moveable. The plunger-mstons, fixed verti- 
cally, are leather-packed to .prevent eeeape, and have water-joints, being covered with 
Vot. IV, if 
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a certain defkth and volume of water; and thus the air is kept cool and pure by being 
forced Uirough two layers of water. Similarly, the air-rescrroir being also partially 
filled with water, the air, before reaching the direr, is passed through water three 
times, whereby one of the neatest obstacles and objections to the employment of com- 
press^ air is obviated and overcome. 

The accessories comprise air-pipes or tubes, weights affixed to the hdmet, carried 
on the back and chest, and leaid-soled shoes, whereby the diver is enabled to move 
and stoop freely at the bottom of the water. The air-connections are india-rubber 
tubes, constructed on a special system, with wire coiled spirally in the interior, so as 
to be capable of resisting great pressure, such as would be exerted at a depth of 
AOO feet., i.e, 16 atmospheres or 2 cwt. per square inch. Nevertheless, the specific 
gravity of Uie tubes is less than that of water, so that thoy are light enough to float 
vertically above the diver, and thus to avoid entangloment. 

The speaking apparatns is simply composed of a separate india-rubber tube, fitted 
at its upper end with a trumpet mouthpiece, and terminating below in a union- 
joint screwed on to an economised chamber in the helmet, which serves as a sound- 
box. 

Although such a diving apparatus may be supposed to have had, for its primary 
object and application, strictly submarine works, yet its use nnd advantage in bu1> 
aqueous works in mines could not long esc%po notice. Accordingly, it is adopted by 
the principal naval a^lministrations, and the authorities concornrd in submarine 
hydraulie works, fisheries of sponge, pearl, nacre, amber, and the like ; but also for 
mines, in the repairs and maintenance of pumping apparatns, and the more especially 
since the invention by Denatbousr of a subaqueous lamp. 

As a speciality for mining, the Aerophoro has equal claims to note in connection 
with the difficulties of ventilating mines, and the avoidance or minimising of risk 
after an explosion, and it embraces the advantages of tho possibility of 6up{>orting 
existence in a vitiated atmosphere. In cases of deficient and imperfect ventilation, or 
from the sudden disruption and fall of the strutifiod material, all mines are liable to 
the generation and accumulation of carburetted hydrogen, leading to interruption of 
the work. These evils may mostly be avoided by employing the DuKATgonss ap- 
paratus, and it forms an effootual means for enabling the miners to penetrate the 
midst of an inflammable or trrespirablo atmosphere. The ASrophore sup^Uos fresh 
air, and the Dbnatbouzb lamp ample light, amid tho worst gases ; anrf in case of 
accident by explosion, it affords the moans nocessary for aid and rescue. Thus a 
miner is enabled to penetrate at once, and to a considerable distance, into workings 
filled with choke-damp, to carry his lamp with him, and to remain and have bis arms 
free to work for severu hours without danger. 

The miner wears a pair of lunettes, wiu an india-rubber cushion protecting the 
eyes and nose from the noxious elements ; and an india-rubber montb-piece, kept 
continually supplied with fresh air for inhalation, and fitted with a valve for exhala- 
tion ; this apparatus is so firmly attached and held that it cannot by any possibility 
become displaced, and thus the lungs are offoctually protected. 

The apparatus is made in two forms, low and high pressure. The former com- 
prises an air-pump, a strainer, an air-tube wound on a self-regulating coil, and a 
re^lator ; the latter differing therefrom only in the kind of air-pump used, and in 
bmng provided with a set of high-pressure tanks or cylinders as reservoirs for the 
hip'hly-oompreesed air. Thus, in the one case the air is stored, and in the other sup- 
plied direcUy, for the miner's use* 

The low-pressure air-pump is constructed as for the purposes of diving and subaqueous 
work ; the cylinders are moveable, the vertical pistons fixed, and covered with water 
M wdl as ue delivery valve, eo that the air is cooled and pnrifled by its passage 
through two layers of water. 

It *^1 bejinderstood that the same air which supplies the necessities of life to the 
miner » available for maintaining tho combustion in the lamp, which is connected by 
a tube with the drees of the miner. In the coUieries and minee of Franca, Belgium, 
and Germany, the DmcATBovn dress and lamp has been much employed, and with 
many adva ntages . 

BOUUTJk (Vol. ii. p. 69.) Mom. has analysed the dolerito and taohylite 
of Sahaberg, in Hesse. These two minerals hare veir nearly the samn oompoeidoiii — 
Jakrimek fi Miite ralc gU, 

BOMmne umSTOn camwr. "EmntmQm has shown that a 
eement may be prepared flrom dolomitio limestone, which hardens under water mom 
quickly than oniinaxy cement. 

He finds, however, that though dolomitic eement hardens sooner, it never attaine 
to the same degree of hardniM as the ordinary cement. The dolomitio eement le 
compact and very mefol Ibrniaiiy purposes. 
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The haxdnoee of cement inenaies ee die pvoj^ion of ireter ie diminiehed, until a 
eevtoin minimum ie Muched, the minimum wying with eoeh mmple. The haxdni>Mi 
nlio depende upon the proportion between the lime and the acid oonetituenta ot the 
cement. In the beet oementa thia proportion avengea 1 : 179. — ^DnroLHB, Pol^, 
Jour. ecxi.. eczir. 

Bltamsaro OV OUa« (Vol. H. p. 72.) The author of the article on the 
Dhbsbimo'of Obm in the Second Volume, and who hae furnished a eminderable quan- 
tity of matter for a supplementaiy article, being in South America iniqiecting some 
mining districts, it ie thought desirable to await his rutorn to England, to ensure the 
advantages of his corrections. See Oans, Dubssino of. 

BIAIIKOVB. (See Bokimo, vol. i. n. 442.) The Pennsylyanian 
Diamond Drill Company exhibited at the Centennial Exhibition an arrang^ent 
which ie more compact than BBauMoirT’s drill. There is very little difibreme in the 
form of boring crown employed ; the core is lifted by a shell or thimble of the same 
size and shnpe as a core bit, and indeed may be combined with the same, being simply 
a recess in the inside of the thimble, composing the bit or core lifter, about 1 in. in 
vidth, bevelling inward and downw^, toward, and coming within about 14 in. of the 
face or Lower end of the bit or coro-lifter. In thin recess is placed, loosely, a tern- 
pun^d open steel spring, about ^ in. wide, with three, five, or more vertiou ribs to 
give the proper thickness, which may be armed on the inside with diamonds, to keep 
it from being worn by the core, and which, when the drill is descending, is pushed W 
the core up into the deep part of the recess, where it h<is no effect ; but when ascend- 
ing, slides down on the bevelled sides of the recess, which contracts it firmly ngaiust 
the core, which it carries with it to the surface. The drill is rotated by one of J. B. 
Jto<vr’s ' square ’ engines, and the food is regulated by two hydraulic rams plaoed on 
each side of the rods, connected to a crossheud. The crown is attached to the end of 
a wrought-iron tube from 8 ft. to 1 2 ft. long, the size of the hole intended to he bored, 
set with diamonds at intervals, to prevent it from wearing, and provided its full 
length with spiral grooves, to allow ogress for the water and sediment on the way up 
to the t4)p of the lx)i*e hole. The tubular boring rods are attached by means of a 
derrick above the machine as the depth of the hole increases, the floxible water tube' 
l)f*ing att.ached to the top of ench rod as it is fixed. This enables the base of tho 
machine to bo fixed clusu to the ground, giving it great stability. The largest hole 
yet bored with this machine hns a diameter of 9 in. and a depth of 867 ft. The 
deepest hole is 1,000 ft. from the surface. A new form of diamond quarry drill was 
shown by the same comp ny, provided with a new friction feed motion and driven by 
Dne of LTDORRwoon’s rotary engines. See Black Diamonds, p. 819. 

BBZXiXi, BOex, and AZB-COSCVBBBBOB* The following is an abstract of 
a paper road before the Iron and Steel Institute on the Fkbboux Drill by Mr. W. U. 
Pknprio): — 

‘ The works at the St. Ctothard tunnel were commenced at the beginning of Juno, 
1872, and continued till the following November at GoSschenen, and at Airolo, the 
preliminary cutting, leading up to the heading, was begun on July 1, and completed 
jn August 24 following. 

* The material encountered at the QoSschenen end was chiefly hard granite gneiss, 

at first full of fissures and cracks, but afterwards it was more homogeneous. The 
two tunnels at Mont Cenis and St. Gothard are not only remarkable as triumphs of 
engineering science in themselves, but they are also distinguished above all other 
similar works from the stimulus which their construction gave to the improvement 
and development of rock-drilling machinery, a branch of mechanism that deserved 
much more attention than it had received previously, for such labour-saving machines 
must ever be of great value in countries possoshing any share of mineral wealth. The 
Mont Oenis tunnel formed the greatest trial-ground ever brought to the attention of 
inventors and makers of eithsr rock-drills or air-compressors, and now St. GothaM is 
testing and condensing the experience gained at its older companion. It may fairly 
be said that at both tunnels every known example of rock-drill has been tried, the 
imncipal and most successful being the ” Fhreottx,” the McKban, the SomnuLUiRS, 
and the DuBois-Fn^qou. Taking first, then, the Fansoux rock-drill, it is, as its 
name implies, the invention of M. Fbrboitx, formerly chief of the workshops for 
repairing the machines used at the Mont Oenis tunnel. To make the working of this 
machine clear, it is as ^11 to say a word or two about rook-drills in general. Most 
” consist of a evlinder and piston mounted on a supporting frame, 

and flttw with a screw to feed tne boring tool up to its work, the screw being actu- 
ated either by the machine it«slf or by an attendant. The piston and boring tool, 
^sn at utnk, reciprocate rapidly, and have also an intermittent rotative mouon aa 

* The weak point in all such machines is the feeding arrangomout ; the nature ol 

t2 
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the jrodt which the machine opemtea ie Tariable, and thus, at one plaoe, the 

boring tool prpg;ceeeea more rapidly than at another; under nich oarBomatanoee tlm 
feed ahould be exactly pro|>ortionate to the rate of progreaa. Thia ean aerer be the 
eaae with a hand-fod machine, aimply becauae the moat ear^l attendant cannot tril 
whether the tool ia in aofb or hard atnff. The aame argument appliea to the ordinary 
antomaticnlly-fed machinaa in a atill greeter degree, be<miiae, be tM rate of prapeaa of 
the tool an inch per hour or a foot per ditto, the feed ia uniform, and, it tetw hard 
material, time power are waat^ in aoft atrata, while, on the other hi^, if aet 
for aoft work, and a hard vein ia met, then we havn to^ jammed, and often 
broken ; it will be evident, however, that the Fsbboux machine overoomea thia diffi- 
culty eflbctnally. 

* The feed in the machine ia on the allotment principle, thua : — A certain |nece of 
work ia fed to the borer at once, and until thia ia perforated no more ia given ; if the 
boxer perform the work in ten minutea, at the end thereof it gets another allotment ; 
while ^ a hard vein ia met with, taking aay an hour to pierce, the borer will get no 
more till thia be done, thua neither under nor over feeding can take plaoe. 

* The propelling amngement ia perfectly aeparate and diatinct from the boring 
machine^ in its action, and ao neither over nor under feeding can poaaibly take 
place. The principal machine being designed only fur tunnelling, it ia too large for 
genexal work in thia countxy, where but little tunnel work remaina to be done. The 
machine meaaurea about 10 feet long when abut up, by 1 foot wide and 1 foot 2 inches 
deep. The stroke is 6^ inches long, and the travel of the propelling piston is 2^ feet. 
The weight of the mncnine without the carriage is nb<mt 6 cwt. 

^ * A much smaller and lighter machine is mode fur mines, quarries, and shaft- 
sinking, &c , where portable machines are requisite and space is contracted. The 
principle of this is the same as for the other machine, but the propelling cylinder is 
placed immediately beneath the borer ; the total closed length of this maohine is but 
6 feet, and the weight 800 lb., and Messrs. Hot are improvii^ even on this nftchine. 
There is no doubt whatever that this machine, or muaificationa of it, will exen^ a 
great influence on coal-mining, and go far to supply the want of the age, vis., a good, 
efficient ooal-cutting machine. 

* 73ls Air-cotnpr/s^. — Messrs. B. Rot and Co., the present owners of the Fmuioirx 
patents, are the original designers of the air-compressor for the works at Mont 8t. 
Gothard ; they are on the high-speed principle, because the pressure of the air re- 
quired at the 8t. Gothard rw’k is much higher than that needed at Mont Cenis. At 
St. Gothard a pressure of nine atmospheres is employed, and air compressed to this 
attains a temperature of about dOO** Fahr. To meet this difficulty Messrs. Rot de- 
vised a method of circulating cold water through Uie interior of the piston, and not 
only this, but on its ^leriphexy as well, keeping the cylinder also oool. High-speed 
machines were essential, also, in order to economise space os much as possible. 

* The description of one compressor will suffice, the quantity of air required being 
surolied by using a sufficient number of them. The diameter of the oompressor 
cylinder is 0'420 metres, or about 16^ incbos, the stroke being 0'660 metiee, or about 
27 inches, and thus each single stroke of the piston it equal to a volume of something 
more than three cubic feet. The pistons of the eompreeeors are ma^ as follows : — 
They are hollow, and the water circulation is maintained by a tubular rod, within 
which is a smaller tnbe. The tube reciprocates with the piston, and its extremity 
outside the cylimler is provided with a stuffing-box, which slides over the smaller 
tube, and through these the water is sent. The piston has four packing rings of 
brass placed in grooves on its periphery, and they are separated by a large groove in 
the centre of the periphery, which communicatee with the hollow, water-flTled interior 
of the piston a hole bored for the purpose at the top. The water being main- 
tained in the piston at a greater pressure than the air compressed in cylinder, 
forms around the piston an effectual air-tight and lubricating ring, which aleo keeps 
the ffice of the cylinder cool. Moreover, a certain quantity finds its way into the 
cylinder by passing around the rings ; it then mixes with the compressed air and 
coble it, while the work of compressing it going on, and so increases iti effective 
power by preventing the heating and consequent^latation of the air. 

* The Quarterly EepoH of the Swiss Federal Oouneil on the irnwress of the workings 
at the St. Gothard tunnel eays : — 

* In the beading works of GoSschenen, it wiis proved by observation made on a 

leqgtb flf 6^882 metres of boles borod, that a Fsbboox machiiM used fbr making h nif 
of one metre in depth, ooenpied in doing lo one hour and nine It has also 

been observed in tne heading galley at GoSschenen, that on 4,226 metres of holss, a 
DuBon-Fam^s machine took a time of one hour thirty-one minntee to bm a h^ 
one metre in aepth.' 

TU KaUutomm Book Thie machine, patentedandmanufactnred by JfissaL 
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Bbtimiii aad Datimok, nay be leganded aa a ainiplUloattoB of the Bnrielgh fook drill 
{eoL i p, 466), erith which it haa laany pohito in oammoa. In the Xainotoman driU 
the nemeafeOT and wtatoiy motiona am alone performed antomatioally, the feed 
beiingira bj hand, and tbna the tool ia not ao liable to break on a anddan tranai- 
tionlnmaaoltioektoaharder. See Bocx-Dnizxi. 

glpmora W ATBU. See FxLTana and WAma. 

SVJt&nrfo. SeeExpMsiTB OonpooirDa. 

MBBA. The n«in#i given in India to the Sorghum, which la much uaed for 
food. See SoBOHUM Snao. . „ . 

9inrOim. (Vol. ii. p. 168. See alao Oauoo Pniiiniio.) Vanona anbatitutea 
for cow-dung have of late yeara been introduced. Aiaenatea and pho^atea liave 
d)eeu employed. Araenate of aoda appeara to have given good reaulla. Orude phoa- 
phatea prepared by acting upon bone earth with aulphuric acid have alao been auc- 
ooaafuUy uaed, but it ia recommended by Manonn to uae it in coiyunotion with gela- 
tine in the ahape of bone aiae. 

Silicate of 80^1 haa been patented aa a dnneing anbatitnte. The eilicate ia made by 
tneiog together 100 parta or ailioioua aand and and 77| perta of aoda aah, containing 
06 ]ier cent, of aodn, the fusion to be continued until all eflerveacence p^uced by ^e 
escape of carlionic acid giu haa ceaaed. Higgin patented a pxoceae in 1868, which 
cunMisled ill replacing the silicate of aoda by ailioate of lime. Arsenate of eoda is not 
ttdd to be extensively employed as a dung substitute. Oto^'ons have been raised 
Hgainst the uae of an arsenical salt, but the fobrics dyed retain onlv the minutest trace 
ot arsenic, and that t<H) intimately combined with buea to justiiy any feare.^ The 
greater portirm of the arsenic m the arsenate paases away from the works in the 
waste water. Arsenate of soda may, therefore, be looked upon as a perfectly safe ami 
good dunging salt. 

Indeed the silicate luid the arsenate of soda are the only aubatitutea for oow-4aiig 
which are at present in use. They answer well, and cow-dung is no longer a neces- 
sity in calico printing. 

BVSAiroXTa, an orange-coloured mineral found with tinstone and topos at 
Durango, iu Mexico. Analysis gives the following composition : — , 

A8*0« A1*0« Fe*0« MnO Na*0 8i»0. 

6610 20 68 4*78 1-30 11*66^ 0'81. 

It contains also a considerable quantity of fluorine, but the proportion of this has 
not been determined. 

]ITU> (See Dykikg, vol. Ii. p. 168.) New dyes from orgonie snfo/aimra.-— Meesrs. 
Groissavt and Buetonkibbh, of Laval, Mayenne, France, have produced some new 
dyes, which promise to be exceedingly useful. They are not very brilliant when 
compared with the aniline dyes, but they usually have considerable warmth of tone, 
'riiose dyes are said to surpass in durability any dyes known ; they are not in the 
Icaat afiected by aoida or alkalis. 

The sources from which the new colouring matters are obtained embrace almost all 
organic aubstancea. I'he following are especially named ood-sawduat of sU kinds, 
humus, vegetable detritus, lichens, mosses, bran, farina, gluten, stardi, fecula, sugar, 
glucose, cellulose, paper and cotton waste, tannin, ^lic acid, ^latin, casein, fibrin, 
blut^, horn, soot, tartaric, citric, and formic acid, and their alkaline 8alt% resin, aloes, 
guaiacum, dragon’s blood, gum resins, &c. The proeeaa by which these dyes are pro- 
duced oonaista in the treatment of the organic body to Im operated on, with certain 
aulphidea at a more or leas elevated temperature, according to the nature of the aub- 
stanoes under treatment and the tint required. The prooesa of mannfocture is said 
to be very simple, requiring neither compbeated apparatus nor much labour.— Adoimu 
Ott, Chimioai News, vol. xxx. 

A report made on these ooloariiig matters by M. B. OiAimuinr (BuflOiw de U 
Boo. Ind, d» iv., 4th Februair, 1876) shows that numerans attempts are 

being m ad e to awly these colours. There is scarcely on organic substance which will 
not under the influence of soda, sulphur, and heat yield a tinctorial matter, and M. 
CxAVBnvx, xeMrts that those colours produced by the greatest heat are the fastest 
when -exposed to light and air. The method of dyeing consists in working the cotton 
for half an hour in warm liquor oontaiDing a sufllcient amount of the colonring 
matter, wrin^;ing out, and working hot for half an hour in a solution of biehromate of 
potsi^ washing, and brntly boiling in a solution of carbonate of soda. 

^ GuraKAinr oontinu^ his researches on these dyes, and especially with a new 
snbatai^ called * Laval catechu ’ prepared by the manufacturing cheimsta Povnann. 
This substanoe was in large broken masses, resembling partially-carbonised wood, 
very porous, of a black-blue colour, and emittiug an odour of sulphuretted hydrogoo. 
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It wu Qootliined in tin bosM, and was ftiund wwy h^gfroicopie, diisolred eaaily In 
Witter, whieh when warmed took op the fourth of its weight; beyond that quantity it 
mixed rather than dissolved in water. The solution was very alkaline, pwoipitated 
by all adds, which in excess caused an evolution of sulphuretted hydrogen ; oonoeii- 
trated mineral acids separated sulphur from the solution, which, by heat, malted and 
swam on the surfi&oe. The precipitated matter is alwara of a dark brown eolour, 
and is with difficulty rediraolved by alkalies. Most of the metallic salts and acid 
salts also precipitated the colouring matter either black or dark brown, mixed with 
the metallic sulphuret and oxide carried down by the alkali. The experimenta in 
printing this colour were not particularly euecess^l, but brought out some new facts, 
which, however, do not seem capable of receiving an extended application. The ex- 
porimonte were in four series. In the first a colour thickened with starch and cun^ 
taming 4 oz. of the organic sulphnret per gallon was printed. It gave a dull grey. 
The colouring matter fixes perfectly without assistance of a mordant ; simple contact 
with the fibre is sufficient to dye it. Steaming helps the fixation, for samples steamed 
were found to lose much loss colour in washing out tbo thickening. 

Chroming, either hob or cold, in bichromate at 1 Ih. salt to 20 gallons of water 
after steaming, accomplishes the complete fixing of the colour, so much so, that colour 
thus fixed appears as dark as after the printing. The goods may also bo washed off 
iu weak mineral acids, without changing the colour; alkaline baths also can be ustd 
without any iqjniy taking place to the whites. The grey colour resulting resists in a 
perfect manner tlie action of light, mineral acids, and soap. Bloachiug powder solu- 
tion has more action : a sample sent through the chloring machine, with chloride of 
lime at about Tw, lost at least 20 per cent, of colour and became yellower. Upon 
stronger colours less action takes place. The second senes of trials were made with 
a view of determining the best thickening, and to ascertain the effect of preparing the 
cloth with mordants. 

Three different thickenings were employed — white starch, gum substibur, and 
tragiicanth jelly. Colours containing 1 percent, of the colouring matter wore printed 
upon unprepared calico, upon calico pref^ed with acetate of alumina from precipi- 
tated alumina at 12° Tw, and upon calico prepared with weak tounic acid. The 
thickenings with starch and tragacanth gave the best results. The colour thickerird 
with gum substitute does not fix, all disappearing in the washing ; this is owing to 
the acidity of tho thickening, which ought to be alkalised before adding the colouring 
matter. 

Tho preparation of the cloth had not the least influence upon the shades produced 
Steaming and chroming have a decided influence io fixing the colour, but in weak 
shades give a strongly yellow tone to the colours. None of the rosulta obtained by 
printing are worth anything. The shades have an unpleasant yellow aspect, Ui 
correct which it is necessary to wash off in weak acid or in sulphate of copper. 

The third series was upon mixtures of tho new colouring mutter with some other 
colouring matters soluble in alkalies. Outechn and annatto give some good shades ; 
aunatto appears to resist light much better in this combination, since a sample did 
not lose much colour by eight days’ exposure to the sun. The mixed colours must l>u 
steamed, and the catechu colours chromed ; the annatto mixture may be passed in 
weak aeid after steaming. 

The remaining trials were an endeavour to combine this colour with deep blue 
styles, but the results were not satisfactory. Printed as n crossover, it darkens the 
indigo where it falls, but the yellow shade of the colour gives a greenish hue to It. 
By using a stronger blue, steaming, and passing in sulphate eff copper, somewhat 
better results were obtained. The grey partially resists tho discharge of oxalic acid 
and bichromate upon indigo, and some interesting effects can be obtained, but, on the 
whole, there seems little hope of being able to m^e any proflbablo use of this colour 
in printing. 

In dyeing, the prospects are much better, for M. Glanzmawn says there is no 
colouring matter known so fSsst and so easy to anply, and which can give so many 
different shades. These properties, combined witn its low price, make it desendngof 
attention. 

For dyeing yam, nothing more is required than to dip the cotton a few minutes in 
a solution of the oolouriofl: matter. 'Wash, and psM in the fixing agent so as to obtain 
the shade desired. The depth of eolour obtained is exactly in ratio with the degree of 
conoentnition of the oubnnng matter, and independent of the volume of the eolntion. 
or the total quantity of colouriog matter preient; and in this respect it differe from 
nearly all other dye>staf&. 

It is possible to vary the shades by varying the fixing agent, which may be bi- 
ohxomate of potash, carbonate of soda, mc^lic salts, or weak mineral adds. It it 
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obMTved tbftt nltmtM and nitric acid give a yellow tone to ihecoloui^ while aolphoric 
euid and the eulph^ee, eepecially anlpbate of copper, yield bluer tinU. 

The cotton has alwaye a aoft agreeable feel when flniehed in any of theae aolvtiouB. 

The eolonr obtained by dyeing at about 170^ F. ia a eolutiun containing 6 per cent, 
of the colouring matter, aad fixed in bichromate aolution at 1 of salt to 200 of water, 
ie a good darl; shade. The colouring matter at 3 per 1,000 gives, in the aame way, a 
good light grey of remarkable solidity. 

The best slme of giey is produced when the dyeing if finiahod in sulphate of copper 
solution, containing 1 per oent of salt 

By combining eatechn in alkaline solution with the colouring matter, and also 
annatto, some compound riuvdes possesuing desirable qualities may be obtained. 

The bluish grey obtained by fiuishiug in sulpluite of cupper may be advautagoously 
used as a basis for dyeing in indigo blue to obtain darker shades with economy. *It is 
nut less stable than indigo itself, which is one of its recummendatiuns for this purpose 

Those colouring matters appear to have been abeady extensively used for dyeing in 
Gcrnmny, a manufuctoty at Ghoettingen producing them on a large scale, and supply- 
ing eighteen different colouring matters obtained from various matters by the sul- 
phurot of soda process. 

onnro, Ano-BTSmAiruo. Mr. G. C. Ginns has patented a process to 
which this name has been given, which consists essentially in forcing the dye through 
the fabric, whatever it mny be, by hydraulic pressure. By this process all the colours 
in a pattern arc forced at the same time completely through the stoutest materials, 
or through ten or more thicknesses of calicoes, silk, and similar goods, and the ma- 
terial so treated lias no * wrong side.’ Mr. Gibbs claims for iiis invention that a 
much better and more durable article can be offered to the pubHo at an actual reduc- 
tion in cost. As regards carpets, ho claims that by the aid of this machine half tho 
expenditure of labour hitherto required can turn out quite three tunes the length of 
felt carpet in a given time, ns compared with existing processes, and that tho carpel 
HO dyed will reroaiu bright until completely worn out, or it may bo turned. There is 
no waste of dye — as in the ordinary process of stamping each colour separately — for 
every particle of the dye uot fixed in the material flows back to tho tanks, an^ is 
used over ufnin. The machine is specially adapted for dyeing felt. For prixlucing 
patterns in lighter sulistanoos other machines would bo designed. The same principle, 
wo are informed, can bo applied to tapestry. One great difficulty in working the 
machine was in nut being able to produce two colours of equal density, but by a 
peculiar arrangement of the valves — by which the dye, which at every stroke be- 
comes partially exhausted, is replenished, this difficulty is practically oveicomo. 
•Several pieces of extra stout felt having been separately subjected to the process, 
the impression prtiduced was of almost the same colours on both sides, and when the 
felt was dried and pressed both sides of the material so treated became exactlj 
Hiniiliir. Four thicknesses of Bath coating were placed in the machine at one time, 
and in tho two inside nieces the colours wore stamped precisely alike on both sides, 
while in the two outsiae pieces the impression produced od both sides was so nearly 
alike that the dillorence whs almost undistinguishablo. By this process, too, con* 
centrated dyes are used, whereas by the ordinary system the dyes are very much 
diluted. The inventor claims that, while hitherto the production of a really good 
felt carpet has been practically discouraged, as the pattern was simply stamped on 
the suiface, and consequently soon roniuved by wear, by his process felts can l>o 
utilised which will equal in durability any other description of carpet, with the speeial 
advantage of remaining bright to the lost. Tho machine alre^y erected delivers 
more than 12 square feet per minute, and larger machines, Mr. Gibbs states, could 
dye ftilly double this quantity. 

BTBXlf Ck Aniline Slacks on Cotton Yarn. — This process requires great care to 
proveut the blacks from being clouded, (1.) The cotton-jram, well boiled out, re- 
ceives seven turns in a bath composed of 200 grms. of sulphate of copper for every 
kilo, of chloric acid. It is then well wrung out. (2.) It receives five turns in a bath 
at 60®, containing 60 grms. hydrusulphate of soda per litre, and is rinsed. (8.) It 
receives seven turns in a bath of 10 litres of water, 180 ^ms. chlorate of potasn, and 
170 grms. sal-ammoniac, dissolved in hef^, and then mixed with 480 grms. chloride 
of aniline. (4.) It is stretched out very regularly in a hot drying^room at 24® for 
48 hours. (6.) Lastly, it receives four turns at 80® in a bath containing 1 grm. bi- 
chromate of potaeh per litre, and ie wall rinsed and dried. If the blacks are reddish, 
they mny be passed through" a bath containing 1 litre bleaching liquor at 6^ to 100 
litres of cold water.— JIT. M. de Vinant. 

P^rl-grey MtUh Aniline Violets . — Aniline violets applied in very feeble tints fttmieh 
pearl-greys, whose tone varies with that of the violet employed, and is pure in pro- 
portion to the excellence of the dye. As the quantity of colour employed is very 
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mnnU, /pnly tho highast cIam of aniltoo rioleta ahoold be iiqplo^edi. Cotton may be 
dyed ultbcmt moraant. The beth abould contain a little soap, without aoidt though a 
▼eiy nniill quantity of tartaric or acetic acid ia added at the end. Fur pure wool the 
eolm ia diaMlTcd in lukewarm vater alone without acid .* — Ckmical ASim. 

iMnp vMh JBosint. — This colouriqg matter ie coming genemlly into tue. Lead ie 
the beet ilaing agent for it on cotton. The calico is prin^ with a lolution of eoeiue 
thickened wiw gum, steamed, and then fixed with acetate of lead. Thia gives more 
crimson or purj^e shades than when the colouring matter is fixed dinotly with 
albumen. 

In silk dyeing, the cosine in water does not give vexy ^ood results ; the dark colours 
produced are detached by rubbing. A solution of eosine in alcohol produces a fine 
primrose which is not thus removed. The best proportions are, that modification of 
eosine which is soluble in alcohol called * primrose,' 1 lb., alcohol 12 lb., water 6 lb., 
and j lb. carbonate of soda. These are to be heated together in a water bath. The 
silk IS best ^ed in water containing the soapy liquors from the silk bleaching acidi- 
fied by acetic acid, raising gradually to the boil, washing, brightening with some 
organic acid, and dyeing. These colours arc very permanent, and fur exceed in 
brauty simiW colours obtained from saf ranine. 

Ou wool, eosine gives cochineal-like shades, but it cannot compete with the true 
cochineal colour, unless it be for the lighter shades. Wool dyes with it at 1 40° Fahr., 
adding alum at the rate of 6 per cent, of the weight of the wool. (See Wool Dyhimo.) 
^Tke Tkrtile Colourut. 

Dy^g Raw Hidet. — ^The following is a description of the process as it has been 
intrMucM by the National Bi>ot and Sbob Tip Company, of Boston, U.S., by 
whom the process has been patented. It should be first explained that they propose 
the use of these dyed hides fur the making of shoe tips to supersede the copper tips 
usually employed. 

The raw hide from which tips or protectors are made is unhaired, unfleshcdKcnd 
rinsed in the usual manner, and after being removed from the rinsing vat is prep.ired 
for colonrmg by being run through a lukewarm logwood liquor. The hides opened 
out fiat are laid one above the other in a vat containing enough of this lukewarm 
liquor to cover and saturate them, as it has been ascertained that the logwood liquor 
acts the most rapidly and produces the best results when about lukewarm. Then the 
hides so treated are saaked in a dyeing liquor composed of logwood liquor, nut-galls, 
blue vitriol, vinegar, and an iron set. 

The hides, after being properly dved, the colour being a deep black, and permeated 
through the entire substance of the hide, are stretched, dried, and poBshod. Then to 
manufacture the tips or protectors the hide is moistened and cut by dies into pieces 
of the form desired, the pieces ore moulded or shaped in moulds and are then dried, 
when they may be ralished, if desired, the hide treated and dyt»d as herein described 
being capable of taxing a deep blacK and the tip or protector when formed wiU be 
hard ana susceptible of taking a polish much like hard rubber. 

In dyeing the hide the patentees make use of two solutions besides the logwood 
liquor. Solution No. 1 is made by boiling ^ether, five or ten minutes, four 
ounces each of pulverised nut-galls and blue vitriol in a gallon of hot logwood liquor, 
and afterward adding four quarts of vinegar saturated with iron in the well-known 
way, or the chemical eqnivalents of the vinegar and iron may be used. Solution No. 2 
is an iron * set ’ made by dissolving iron chips in aqnafortis or other acids, the iron 
beipg added until a saturated soluuon is obtained. 

For the purpose of thoroughly blacking about half a dozen hides or two or throe 
doaen medium -siicd skins, place tlie hides which have boon previously soaked in log- 
wood liquor, in about twenty-four gallons of logwood liquor, such as that first described, 
and to which has been added about two quarts of the solution No. 1, and about one 
pint of No. 2 eolution, the latter solution having a tendency to set the colour or cause 
It to penetrate the hides. The hides should be allowed to remain in this dye Honor 
from one to three days, according to their thickness, they being frequently turned to 
secure a thorough penetration of the dyeing liquor into the hides. It may be re- 
marked that the exact quantities above given are arbitrary, as the ingredients vai^ in 
strength, and some hides will take colour more easily than others. The quantities 
mentioned will genially be snffleient to blacken two dozen calfskins or a half doeen 
kips or Uj^t cow hides, bnt the heavier hides require to remain longer ia the dye 
liquor, ^e dyeing liquor only quires to be replenished as its itrsngth is exhaust^ 
by ths addition of ftwi material to keep it m substantially liie proportions ju«t 
described. Maroon and purple colours may be made by working in the logwood 
liquor, and finishing by using aquafortis and tin with solution of logwood, instead of 
the dyeing liquor aMve describM 

Raw hide, after being subjected to this treatment, in which it is only partially 
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temwd. ii fendtrad a dMp and pcfmairaat oolonr throughoul iu lubstAiiee, is better 
kbla af resisting moisture, and is suseepdble to a high polish, giving it a neat sml 
finished appeamnee similar to that of haid black rubber. It oan be prepnred at 
eseeedingly low cost, does not beoome rusty or disoolouted by use, but retains iie 
origiiiai nMt appeamnee until oompletely worn oat, and is thus of mreat value in the 
nuuufkatare ^ tips or shields for &e toes of boots and shoes, and similar or oilier 
articlss liable to rough usage. 

ImfortM qf Dy 



1874 1 

1875 

From Holland .... 

„ Belgium .... 

„ France .... 

„ Portugal .... 

„ Spam and Canary Inlands . 

„ Italy .... 

„ Turkey .... 

„ U. S. of America 
„ Mexico . . . ■ 

„ New Granada . 

„ British f^t Indies . 

„ Other Countries . « 

Owts. 

3,895 

2,759 

46,408 

6.307 

7.084 

3,413 

6,629 

31,602 

17,419 

26,716 

19,467 

13,791 

1 

Owts. 

11,842 

3,087 

89,495 

4,192 

10,864 

4,406 

24,808 

11,800 

40,179 

84,157 

20.052 

Value 

£140,225 

22,327 

112,002 

9,080 

18,772 

19,061 

47.484 

24,004 

27.778 

82,782 

48,204 

182,649 

413.642 

218,021 

611,660 

ImporU of Dye Woods, 

Logwood.. 

From U. 8. of America 
„ Hayti and St. Oomingo . 

„ Mexico .... 

„ British West Indies . 

„ British Honduras 
„ Other Countries 

Tons 

2,486 

1,876 

82,268 

6,710 

1,141 

Value 

£12,998 

16,728 

172,988 

26,832 

9,888 

Tons 

1,742 

2,161 

924 

44,982 

6,190 

1,169 

Value 

£18,664 

14,509 

8,664 

296,888 

87,019 

9,603 

48,471 

236,434 

56,168 

879,712 

ImporU Unenumerated. 

From France .... 
„ Afirica, West Coast . 

„ Philippine Islands . 

„ U. S. of America 
„ Mexico .... 
„ New Granada . 

„ Venesuela . . 

„ British East Indies . 

„ British West Indies . 

„ Other Countriss 

Cwts. 

2,217 

708 

1,146 

1,877 

1,226 

2,387 

8,665 

8,400 

■iKMfi 

Owts. 

1,264 

8.666 

726 

2,212 

4,590 

1,823 

1,366 

2,572 

5,822 

4,814 

Value 

£9.716 

23,071 

7,126 

18.888 

44,166 

14,447 

10,408 

22,956 

40.039 

84,528 

16,023 

123,012 

28,244 

225,361 


BnAJUVlk (See vol. ii. p, 176, 7th edition.) The following is the authorised 
atateiMt respecting this esploeiye compound, which is nowbsing sounder the name 
of ' want BlMting Powder.' The only dynamite licensed is specified in the license 
granted as fi>llows 

'Dynamitnoonsieting of thoroughly purified nitro-glycerine, thoroughly mined with 
not iM Ulan 25 per cent, of an inftisorial eartn known ae “ Kieselguhr," and anffi- 
cieifily abaorbent in quality to prevent enudation of the nitro-glycorine;' and the 
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olwimtioiiB therefgm xdate only to dynamite of that {Mirtieulor oomiioeitiQn 

' zi^ to whieh ezploeiTee are liable in transport may be grouped into— (e) 
Risks ftom withont. {b) Bisks ton vithin. 

^ Risks ton withont indnde the following; — (a) Explosion by fire ton a^aeent 
oonflagMtioo or explosions. (6) Explosion by sparks, (c) Explosion by wilfnl in- 
cendiarism. (d) Explosion by lightning, (s) Explosion by eollision. 

‘It must be assumed that the same protection against these yarioos risks would be 
provided in the case of dynamite as at present exist in the case of gunpowder ; and 
the former explosive would certainly oner no greater attraction, so to speak, to ex- 
ternal risks, than gunpowder. 

‘ As in the event of any of the foregoing external risks evercoming tlio protection 
provided against them in the cose of nnpowder an explosion would follow, it is 
obvious that no worse consequences could follow in the case of dynamite. 

* But there are good grounds for believing that, with regard at least to some of the 
external risks, the consequences might be less serious with dynamite than with gun- 
powder. 

' For example: it is known that a considerable quantity of dynamite may be burnt 
withont explosion, while, in the case of ^npowdor, even a few pounds, if ignited, 
will produce an explosion more or less serious, according to circumstances. 

* Again : a collision which would almost certainly produce an explosion of gun- 
powdor would be far less certain to produce an explosion of dynamite, which is a 
plastic body, and which thus, when present in any mass, absorbs a good deal of the 
enoigy of a given blow by virtue of such plasticity. Again, while a single grain of 
gunpowder exploded in contact with other grains, or (unless artificially or sufficiently 
sepaAted therefrom) in close proximity thereto, would certainly explode the whole, 
such a result would by no means certainly follow in the cose of the explosion of a 
particle of djmamite under similar conditions. 

‘ It appears, therefor^', that with regard to the liability to accident from oxternal 
causes, dynamite of the specified composition and quality is somewhat loss dangerous 
than gunpowder in Itarrels. 

* Kisks from within include the following : — 

* (a) Accident from fire-giving or explosion-producing agents. 

Accident from spontanoous ignition or explosion due to (1) the presence of 
foreign substances, or (2) to the chemical instability of the explosive itself. 

(e) Accident from spiirks. 

*(d) Accident from friction or percussion. 

‘ (e) Accident from elevation of teroporaiore. 

‘Such articles as would explode dynamite would certainly explode powder; but on 
the other hand, some articles which would explode gunpowder would probably not 
explode dynamite. 

* With regard to pure dynamite, such experience as lias aconmulatod with regard to 
that substance has been increasingly favourable, and has tended to show that tlie 
substance is possessed of the requisite chemical stability. 

‘ A spark which would fire dynamite would certainly explode gunpowder ; on the 
other hand, it is far f^um certain that every suirk which would explode gunpowder 
would easily fire dynamite ; while it is possible, ns abuvii stated, for dynamite under 
certain conditions, and in moderate quantities, to be fired without being exploded. 

* It may, therefore, be taken broadly, that *' dynamite " of the specify compontim 
CMdauaMy w, on the wholes eefer to tranepori than gunpov)^ packed in banw* 

There has been a popular belief that frozen dynamite is more liable to explosion 
than in an uninsen state. The British Dthamitk Company employed Professors 
Jaicss Thompson and Bottomlut, of Glasgow, to make a series of experiments, and 
the fbllowing is their »port : — 

‘At your request, we were pxpsent at experiments made on the sands at your 
works at Stevenston, Ayrshire, with a view to proving that dynamite in a frosen state 
is as safe to handle and to transport as in an unfrozen state. 

‘ First Experiment . — Several cartridges in a frozen state, and in some parts beginning 
to thaw, were thrown one by one from the hand, with great force, against an iron 
plotok in the manner in which snowballs are thrown in a vigorous encounter. The 
cartridges were squeezed partly to lumps stioking to tke plate, and portly were 
smoriied tofrngments which flew round al^t, but there was no explosion. 

‘ Seeend Earperiment . — ^A block of iron, about 400 lb. weight, was allied to fliU 
from a hei^t of about 20 feet on a light wooden box containing 20 lb. of dynamite 
cartridges in a frooen state, and with slight signs of incipient thawing in spota more 
exposed to the warmth of the air. The box was smashed, and the ourtrid^as wore 
crushed flat and pounded together, but there was no explosion. 
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« Both bofoft and aflor tha opomtioa w inqiMtad and handled thea&rtridgee, to 
make tm that they were froeen. We aaeartained thie by floding them haid, d]^, end 
friable ; and by finding beiidei, after the fall of the weight, that on breakii^ np pieces 
of the emshed and oompteeeed cartridges, and holding them for some time in our 
warm hands, they melted and became moist and soft, so as to work in our hands like 

pntty onaetday. 

* 2%ird Exptriment.^The crushed cartridges were next made up into two heaps, and 
placed on the sand to be exploded. This was effected by inserting among them a 
small unfrosen cartridge, or ** primer” of dynamite, with the ordinary detonator in- 
sert^ into it, and then firing ^is off by a BicxFi^itD fuse. The reason fur employing 
the unfrozen primer to get the froeen cartridges to go off, was explained as being tliat 
the froeen dynamite is so difficult to be made to explode, that even the ordinary 
detonator fired within it, although shattering it, fails to set it off; but that an un- 
frozen cartridge or primer oxploiled by the detonator communicates its explosion to 
the frozen dynamite. The two heaps of cni<4hod, frozen cartridges wore only a few 
yunls apart. They wore exploded successively, and it is worthy of remark that the 
explosion of the first, t liuugh very violent, did not set the other off. That second one, 
however, also made a very violent explosion when ignited with the aid of the deto- 
nator and unfrozen prinior. 

* We were much satisfied with the manner in which the experiments were shown to 
us, and we consider that the tests we witnessed on the frozen dynamite were very 
severe.* 

The following instructions fijr charging bore holes with dynamite have been issued 
by tbo Company, and thny should be moist carefully attendKl to : — 

‘ 1. A wooden rod or aqneeser should bo used to push home the cartridges iu the boro 
hole. Never use a rneUd rod or rammer. 

*2. Never ram or the charge homo. It should be gently, although firmly, 
squeezed into its place. 

' 3 Never squeeze the primer containing the detonator ; but lower or push it gently 
until it rests on the charge. 

‘ 4. Use sand or water tamping. 

' J3u sure you fix the percussion cap tight on to the fuse with your nippers, and in 
wet holes make it water-tight with grease, white load, tar, or whatever else you may 
have handy, 

' Be sure you do not push the cap overhead into the dynamite cartridge, or the fuso 
will set it on fire, and burn and waste tho dynamite, ns well as cause a smell. To 
.ivoid this, lot a quarter of an inch at least of tho cap remain outside the substance 
of the dynamite wlieu you fire a shot, and you will have tbo full power of tho explo- 
sion without any loss of force. 

* Be sure, when blasting in what are called close workings, to attend to the above, 
as in such places, whetlier you employ gunpowder, dynamite, or any other explosive, 
it is impossible altogothor to avoid causing fumes. This is true, whatever may bo 
said to the contrary, 

‘The patentees assert that in dynamite you have the strongest and safest, tlio 
most handy, and the in* st useful explosive for mining and quarrying purposes that 
has ever been discovered. Whether for sinking pits through the widest, wettest, or 
driest ground, or working mines in the wettest and most difficult places, dynamite 
has shown itself to be equal to your requirements, and bus done for you what no 
other explosive could do. 

‘ As an industrial explosive it is stronger, cheaper, and safer than any other blasting 
agent yet discovered.’ A ftirther trial is necessaxyto confirm this positive statement. 

The following extracts, from a pamphlet bearing the title AaaemUie Natimaie, tumie 
1R73. Bapportfait nu nom de la Commission ehargie d* examiner le preset de loifixant 
lejprix de vents de la poudre Dynamite^ are mven as an addenda to the report aLready 
printed on the tendency of dynamite to ez^uode : — 

^Dynamite is, it is true, only a transformation of explosive oil, but in a state 
which, whilst preserving all its power, renders its employment and carnage much less 
jsrous than gunpowder, 

‘Dynraite. already utilised throughout Europe, would undoubtedly be still un- 
known in France but for the publication, at the berinning of 1870, of a translation 
made by M. Barbb, of documents published M. Nobhl. 

* Utiused at Baris during the siege, under the encouragement of the Minister of 
Public Works, it was likawise manufhetured in the provinces for the requirements of 
defenos and for use in mines. 

’ Its emplp^ent had become general, and our mining industipr supplied itself from 
the Paulille Works, when the administration of indirect taxes laid an embaigo on that 
establishment. 
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* TtoAdt aB ta g w olthii pfodtiet avs no lAiig<v open to qnestion. The Admlnietn- 
tioa of Finaaee hiiTe themeelfee admitted the neoeeaitj of placing it at the diepoeal of 
trade. We oamiot aay what may be reeerved Ibr this aiiMtance in the Attorn, but it 
will anfflee to recall the diversity of its employment in order to fix onr attention npon 
the uterest which it would seem to justify. 

* EmjiioymmU DynamitB*—The War Department has been &vourabl;jr impressed 
by the use which may be made of it in a cammim, and we owe to the anxious cere of 
our eminent colleague, General nn CEABAUD-La Toun, President of the Committee of 
EortifloationB, a remarkable work on the theoretical and pi^tioal study of dynamite, 
and the conclusions of the author of this work, Captain Fbitsch, are absolutely 
favourable to its use in the army. 

* l%e Navy also are giving their attention to the various ways in which this pro- 
duct may be used. The Pyrotechnic School at Toulon has already made numerous 
experiments with the aid of dynamite, supphed by private establishments. These 
experiments are still going on ; they will certainly l4d to the use of dynamite in 
torp^oes, althongh at present these explosives are still charged with common powder, 
or with powder having a basis of picrate of potassium— TOwder which, it maybe 
observed in passing, is manufacture at private works witnout any question on the 
part of the collectors of indirect taxes. 

*Experimente recently made by the Commissions of Calais and Bourges with 
special dynamite, also supplied by private worl^ have shown that tlie dynamite used 
in charging shells might, without any inconvenience, bear the highest initial rates of 
speed (from 6 to 600 m. per second), whilst still preserving a sufficient power and 
f^lity of inflammability. 

* In the department of PuhUo Worke^ the engineers and contractors are constantly 
seeking for this powder, which they cannot procure upon favourable terns. Con- 
siderable reductions would be submitted to by contractors, who would fincTin the use 
of dynamite an economy of time, labour, and ^vantages which cannot be obtained by 
means of gunpowder. The opening of tunnels and subaqueous works are in fact 
effected with about half the expenditure of time ; holes for mining are more rapidly 
executed by reason of their reduced diameter, the inutility of ramming, and the action 
upon a larger maaa. 

*With reg^ more eapecially to aub^ueoua works, as dynamite will detonate, 
notwithatanding its contact with water, it has an incontestable advantage over all 
other powders. It is used for the destruction of rocks under water, the demolition 
of wrecked vessels, the breaking np of ice, removal of bridge piles and culverts, 

&C. &e. 

' Industry is still more immediately interested in the bringing into play this new 
agent fur the extraction of ores and c^, the boring of wells, the breaking to pieces 
of castings, and the resumption of ancient works that hare been abandonM through 
want of sn^ently powerful means of extraction, or in consequence of the increas^ 
rates of wages for band labour. 

* JariavXivrv also is not indifferent to ito being brought into more eommon use. In 
the Department of La Manche, for instance, very important quarries of a silicious 
and extremely hard marble, capable of being turned to account in the making of an 
excellent rich lime, which cannot be worked by the aid of ordinary mining powder, 
will yield, with the assistance of dynamite, results that allow of the sue of the 
lime at the rata of lOi. per ton in a country otherwise unprovided with calcareous 
products. 

* The considerable number of petitions addressed to the National Assembly by 
manufacturers and large mining companies, as to the urgency of determining accept- 
able conditions for the employment of this new agent tA labour, sufficiently prove the 
powerfU interest which industry attaches to its use. 

* OemdiAiome of Selatwe Safety in the %ue of Dynamite . — Is this product, which 
seems to reunite so many manufiuituring advantages, dangerous in carriiiM amd 
ei^ojmentf We are enabled to aflhm that npon thie point also dynamite is very 
different to the chlorates, derates, phosphores, cyannres, &c. Ac., which have all been 
tested with eueh oost to thoee who have ventured upon the use of them. Jt w even 
leee damyerone thorn ardmary gunpowder, ffir its conditions of inflammability are very 
different ; the flxe from a match will not explode it, and a special priming is neem 
to make it psodnee all its detonating effbets. 

< Weean aeeeri that it offera no danger in the earriage, if an experience of ton yean 
in sli &e oonntriee which make nee of it and allow of its frm manufactnre be enffi- 
deikt to give ns confldenee. In Prossia, in Italy, in Spain and Aostria, where jts 
transport is openly effected by rail, it has been proved to be less dangmns than 
ordinary powder. 

* Onr railway companies were of the seme opinion, inaemudi ns th^ conveyed the 
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nodiieti 0 ^ Uw PinlUlB Woiki, ve oonolTtt ]rarifltd bj the fmy-bilU 
AflooiiipAnjiii§^ tbo Qoofipii&Antt of dynon^to vpon tho Midit Sity ond Pstio-Lyon 
Moditofnndo linw, dfeo* 

* H^perktM kat provtd dottm to tho wooont time ikai iU iomgor of its earriags 
IsoomssnUsolmgas priming by sMoh it is ignited doss not tmosl udtAitintAs 
same oarriogo,* ^ , . « . , . . . * 

* DyoBtaiito hai been exteneivelj employed on the Continent and in Amenea fbr 
removing the root# of large treee from the eoil. The following desoription of tho 
oM of this exploeire in clearing land will be read with adyantege 

Mr. Dayid Cbami, of Fonr-Mile Bum, near Doi^h, Ireland, had a number of very 
large beech treee which he wished remoTcd, as their roots interfered with hie &rmiiig 
operations, and their widely-spreeding branches prevented the snn shining on what 
was growing beneath. They W been planted 120 years ago, in good soil near the 
Burn, which most have considerably aided their growth, for some of them measured 
up to 12 feet in circamflBrenoe at their base, and were over 60 feet high. Mr. Obaio 
tiad some of them cut down, but great labour ensued in getting the stumps removed, 
lie tried gunpowder and guncotton powder in different ways to break them up, but 
both these explosives proved quite insufficient. When, however, by tedious manual 
labour a stump was split up. he had in some cases to employ hor^ attached to a 
long lever, to aid in twisting the roots out of their bed. Owing to the expense, 
trouble, and delay in getting on with the work in this method, and hearix^ of the 
advantages of using dynamite in such cases, he applied to the BbitisB DnrAKiTn 
Gompahy's agents for Ulster, who arranged to eena him a man who understood the 
proper mode of applying dynamite to all such obstruetionB. 

On the appointed day the Dynaiotb Compawy’s instructor went to Mr. CaAia'a, 
and in one any cleared ^e ground of all the remaining tree etompe, beeidee a number 
of growing trees which he wished removed, bringing them un ' ro^ and branch ' out 
of the ground, greatly to the satisfaction of the proprietor and amanement of all who 
had assemliled to witness these operations. 

The mo le of uprooting the trees was as follows : — In the ground underneath the 
trunk of the tree to be removed a hole wae made with a crowbar, and into it eome 
cartridges of dynamite were pressed with a wooden rammer, then a detonating per* 
elusion cap was oqueesed on one end of a Bicxvobd’s fuse and ineerted into a cnrtndgo 
of dynamite ; this was then placed in contact with the charge under the tree ; eome 
earth was next applied to close up the hole, leaving about one foot of the fuse 
extending out. All being ready, a match was applied to the fuse, the powder in 
which slowly burned till it re^ed the * detonator cap’ at the other end, which the 
fire caused to explode, and that in turn exploded the charge of dynamite. 

The result whs that all the earth immediately undeimeath the tree’s trunk wae 
cleared away, and the small roots tom np and broken ; and in cnees of eueh laij^ 
trees as were operated on, from four to eight large roots, of about ten inebee in 
diameter each, only remained to support the tree. Some of these were next blown 
away by small changes of dynamite inserted under them a few feet distant from the 
trunk. Tho tree then falls on the s'de from which the supports are removed, ite 
weight at the same time assisting in tearing np and breaking the roote on the oppoeite 
side. 

The agent, having thus brought down tbo trees, showed how large bonlder-etonee 
up to 60 tons weight may be broken into pieoee without the labour of boring Mng 
neceeeary. This was done either by placing a clmim of dynamite does undemeau 
the stone, in a hole made with a crowbar, and firing it as etated above, or by pressing 
eome eortrid^ on top of the boulder, and covering them over with earth, and firing 
the charge with the detonator and safety fuse in the neual way. BoidEe cropping up 
thr^h the eoil can be reduced in a similar manner. In many fisrine great incon- 
venience is felt by sneh obstructions, which now can easily be deared away by this 
valnable agent. See Exflosivb CoMPouinia. 

MM. Gi^nn, Mxllat, and Nogt report, in the Afoniisnr Soismti/lgust xiii. 68, some 
good experiments on the relative explosive powen of nitro-glyoerine and vsrione kinde 
of dynamite, and in the same journal 2L P, Obampiom w a paper on the ‘Uie of 
dynamite in war. 

M. Sobhiro hae communicated to the Aoad6mie dee Sciences the result of some 
experiments made in the manufacture of dynamite cartridges. While acknowledging 
the buportanoe of M. NoaiiL’e idea of giving to nitro-glyoerine the oonsietency of a 
sdid iwj by oaueiikg it to be absorb^ by a eilidone snbstance, so as to be more 
sadly emplo^ ia muidl, M. Sobbibo hae always been etruek with the ftequent 
ocdmeiiee of explosions in dynamite fhetoriee. He hae often thonght that these 
aoddents, the details of which are vezy imperfectly known, may be caused by the 
manipnlatione which take place, either in prepmring the paste of nitro-glyoerine and 
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tlito ftbiorUnt iqUUkote, or in moulding and oonqnuMing the paste for goring it the 
form of eartridm. Oompression ana frifidon aninet hard subetanoes are so many 
causes which eartly bring about an explosion of nitro-glycerine. It seemed to At. 
SoBBBBo that these causes of danger might be avoided ^ modifying the mannfocture 
of dynamite in the following manner :—The silicions substances, of the nature of 
kieselgulir, foe., although only slightly plastic, are capable of bei^ moulded after 
moistening with a little water, and take a consistenqr which is not inferior to that of 
dynamite cartridges. He made some cylindrical cakes with Santa Fiora fossil meal, 
which after being dried at 100° Cent. (212° Fahr.) to get rid of the water, were 
plunged vertically into the nitro-glycerine, so as to become saturated therewith. The 
experimeuts to determine the quantity of nitro-glycerine which cakes were ea|mble of 
absorbing were not made with liquid itself, for fear of accident, but with olive oil, 
which is nearly of the same consistency. The author is convinced that dynamite with 
70 per cent, of explosive substance, as is generally required, may readily be obtained 
by his process ; while at the same time all violent pressure or friction is avoided. The 
cakes, after leaving the bath of nitro-glycerine, have only to be placed to drain, and 
then wrapped in paper, when they are ready for use. 

Dynamite in LaruL Clearing. —An account was recently given of a number of experi- 
ments performed in the woods and fields on the Cnddor estate of Sir William 
Stirlihm-Maxwell, and near the Forth and Clyde Canal, on the farm of Mr. John 
Muktmich, of Hilton. Their object was to show tfie great utility and advantages of 
this dynamite in the clearing of land so as to fit it for cultivation, and they u'ero in- 
tended chiefly for the benefit of several gentlemen who ore largely interestod in land 
clearing and agricultural operations in Canada. Having shown Ihut the ordinary 
method of inducing explosive action in ^npowdor was not sufficient to bring about 
on explosion of dynamite, it was explained that the now explosive had this pec^iarity 
— that it would only do its work — that of decomposing with explosivo nctlmn— when 
it was poweriiilly percussed, and that the ordinary method was to explode somt deto- 
nating or other explosive substance in contact with it. Specially prepared and oxtra- 
powerhii percussion caps are the agents used to induce the explosion, and with thoso 
il is customary to use, especially in water-bearing rocks and in subaqueous blasting 
operations, a suitable length of Bicicford’b f\ise. After performing some preliminary 
operations, attention was turned to the root stumps of a numlier of trees that had 
recendy been cut down. By means of an auger a hole about Ij in. diameter was 
bored vertically to a depth or of 12 or 16 in. in one of the stumps, and when it was 
found to be quite through the wood of the slump it was continued by means of a punch 
to a depth of fully 2 ft. Two or three cartridges were put into the bore-hole and 
firmly driven home by means of a wooden rammer. Then a small cartridge called a 
* primer,* prepared with a cap tipped fuse, was dropped in and rammed home, and tho 
hole was tamped or stemmed by filling it to the top with water, care having in this 
case been taken to put a luting of clay round the junction of the cap with the fuse. 
The latter was fired, tho observers betook tltemselves to a respectful distance, and in 
a brief space of time a great nphoavnl occurred. The noise of tho explosion, how- 
ever, was in a great measure smothered. When the members of the party returned 
to the spot they found the stump to be rent in a most extraordinary manner ; but tho 
general opinion was that the Iwre-hole had been made so deep that the energy of the 
explosion had spent itself too much upon the subsoil and too little upon the wood. 
The stump next operated upon was bored to a less depth, and the result of the blasting 
process was more effective. In either case a few strokes with an axe, by way of 
severing the principal root members, would be quite sufficient to leave the woody 
maesee in such a condition that they could easily be dragged out and lifted away. It 
was suggested that the operation of piercing with an auger should lie dispensed with 
in blasting the next root stump, so as to do work wi& as great economy of time 
OS possible. In this instance, therefore, the punch was brought into requisition in- 
stead of the auger, and by means of it a hole was driven horizontally inwaras between 
two of the princip^ root-members to about the centre of the stump. The hole was 
ehaigod and fired in the nenal way, the result bei^ a much greater amount ni erup- 
tive and disruptive action, with a smaller expenditure of time and labour. One or 
two other root stumps of large bim were blasted in the same way, and it was clearly 
demonstrated that, nnder certain circumstances, dynamite could be employed to more 
advantage immediately nndemeath rather than in the mass of material to be operated 
on. — G&tgm Herald, 

MMIIIU. (VoL ii. p. 1780 The paper coal from Bidly hae been long known. 
A oharaeteristie specimen from Botl, near Bonn, was analysed by Frofeseor A. H. 
Ohobob. The following figures contain the chief analytical data hm which tbs iiHi» 
mate composition of dyeodile may bo deduced 
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A.— Bviodild thocongMy wtMhed with wai«r and hydxodiloric and dri«d at 
lOU^C.: 


0-828 grm 

. gave 0-1640 grm. ash, or 60*00 per cent, ssh 

0-828 

„ 0-0980 

M » 28-88 

n 

ZnO* 

0 661 

„ 0*0666 

„ BaSO\ „ 1-17 

II 

8 

0 693 

« 0 7616 

.. 00* „ 84-66 

II 

0 

0-698 

,. 0-2686 

„ H*0 „ 6-03 

II 
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Professor Ohubck gives the composition of dysodile as— 


Carbon 

Hydrogen 

Sulphur 

Nitrogen 

Oxygen 


60-01 in 100 parts 
10-04 „ 

2-36 „ 

1-70 

16-00 » 


Uh therefore infers tlint this mineral does not belong to the same group as tasmanite, 
wlncli consists of— ns analysed by Professor Chuboh — 


Carbon 

Hydrogen 

Sulphur 

Oxygen 


. . 70*84 per cent. 

. 10-41 „ 

. 6*32 

. . 4*94 

Chemical News, vol. xxxiv., No. 881. 


Brown coni occurs in the Hies district in strata. Dysodile occurs at the same depth 
ns the brown coal, but only in thin layers in the form of black tough leaves, which 
become brown on being dried. Tliose leaves are united by a tough loam, which causes 
the layers to attain a thickness of some centimetres. From these layers thin leaves 
of dysodile can be separated by a knifo. Dysodile is characterised bv burning freely 
with a bright luminous flame, which smells much like burning caoutchouc. 

If dysodile is submitted to distillation, water comes over at 50*^ C., and is eventually 
driven off At 170° C. a large quantity of illuminating gas is given off, which con- 
tains traces of sulphuretted hydrogen and about 2 per cent, of carbonic acid : at from 
220° C. to 260° G. tar comes over in deep yellow drops. Dysodile coke retains the 
parchment>like appearance of the original substance. 100 ports of crude dysodile dried 
at 100° C. gave— 


Ash 


. 69-464 

Carbon 


. 19 363 

Hydrogen 


8 82 

Nitrogen . 


0 189 

Sulphur . 


. 0-601 

Oxygen . 


6 843 

Water 


0-78 



100-000 


Hafb. PuifpBLLT, Jahrb.fur Afm. 1876. 

BTBSf A&OBUAir. A grass similar to esparto, which grows in many parts 
of Algiers. It is nut so good as esparto, but is used for the same purpose— paper- 
making. It is said to produce an inferior description of paper, and there is a great 
deal of waste. It does not, tlierofore, command the same price as the esparto grass ; 
the esparto from Tripoli and Galies vaiwing from 61. 10s. to 61. IQs., and Spanish 
61. 16s. to Ilf. ; while the Algerian dyss fetches only from 3/. 10s. to 4f. 10s. 


£ 

SUBOOOOOA BIB. An oil extracted from the oil tree of China. See Oil Tnini. 

■UMU4 SBUISSa Solution for adulterating wines. See Tewte de Fwnet 
and WiBM. 

BtMVmiOfVT wm B&JkSTZara. (Vol. ii. p. 196). The principle 
involved in the use of electricity, as a means for ^ng explosive agents underground, 
has been frilly explained in the article referred to. It must be admitted that electro- 
blasting has not made much progress within the last few years. We believe this 
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ariiei from the mail difflcnltiee which Imto to be overcome, and which, email ac thej 
an, are not attended to by workmen, who cannot see any neeesaifcy for being very 
exact about trivial matters, which appear to them to be of bat email moment. 

la order to tom to acconnt all the advantages which electricity offbre, it ii obvious 
that, wherever it can be employed, a good practical electric tele^ph system, worked 
exdnsively by induction cnrrenta, and consisting of simple dial or finger-k^ dial 
instruments, most be considered as an indispensable auxiliary to the expiMing 
apparatus. It is evident, too, that the operator at the central cmm or station from 
vniich the exploding currents are sent to toe distant shotrhples or mines must be able 
to eommanioato w^ the men in charge of those mines, no matter what may be the 
distance, in order to warn them in time of the imminent explosion ; and again, the 
miners must be able to comrouniisate to the central station the intelligence that the 
mine is ready to be exploded, the number of mines or shot^holes, and also the results 
of an explosion. All the instruments used for this purpose must be of solid construc- 
tion, and unfailing in their effect, while the source of electricity actuating them^ must 
neither be influenced by atmospheric electricity nor be alterable in its intensity, as 
are hydro-electric currents. ¥Sg, 2829 shows the general arrangement of a simple 
apparatus, designed by Messrs SimaEvs and Halskb, and recommended for nse in 
telegraphing underground; while 2880 is a vertical section of the transmitting 
instrument. The handle b is fostened to the spindle a, carrying the tooth wheel l, 

2829 




2880 


which latter gears into the pinion t of the cylindrical armature or keeper, ■. This 
armature is mounted vertically upon pivots between the poles of a serieeof permanent 
magnets, o. One revolution of the wheel, l, or of the hmidle, n, fixed thereto, canees 
the mnkm of the armature, ^ to revolve thirteen times, as the teeth of the former are 
in the proportion of thirteen to one of the latter. As one full turn of the armatnre 
prodnees two enrrents of opposite directions in a coil of insulated wire forming part 
of the cylindrieal armatnre, twenty-six currents, alternately positive and negative^ are 
geneiatM at one revolution of the handle. The dial is diviM into twenty-six parts 
for twenty-five letters of the alphabet (i and 9 being taken as one) and one blank. 

Ae the plaees in large mines where rocks or coal seams |U> bs cleft fay the exjploeion 
are not always of the same nature and dimensions, and as the oonoe'ting wives are 
genetally spdlt in the operation, two distinct conducting lines must be empUqred ; 
first, pennesent conductors, following the underground workings of the arine or the 
line of paste on the eurfooe, as the ease may be, and of the beet eonstiuetion and 
materials; and, secondly, unfixed or flying lines, of the shortest possible length and 
tba ^aap^ materials, so that theis bring spoilt, by eaoh eo^osHm is % natter of 
riii^t monotaiy importanoa. 
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'When the telegraph and exploding linM are on the sarfooe, they are attadied to 
pitent iron telegraph posts, and consist of compound wire, wliich allows of a spacing 
of the posts 500 yards apart, thus oonsiderablv diminishing the cost ; but if the lines 
axe carried underground small cables are employed generally composed of a strand of 
thres cower wires insulated with several layers of indiarubbei and tarred hemp, and 
protected by galvanised iron wire wound with a slight spiral round the outside. 




on Ashl's system— with the corresponding cartridges 
of the next mine {fig, 2831) ; so that if the currents 2831 

sent by the exploding machine should, from any de* 
feet or want of uniformity in the cartridges, not 
produce the exploding spark on entering at one end 
of the mine, it wo^d certainly produce it when 
entering the other end on the return circuit. This 
arrangement is adopted because in no manufactory 
of cartric^s in the world can there bo a (piarantee 
that the ^stance between the two conducting wires 
be mathematically the some; but by using three 
cartridges in each mine it is almost impossible for 
the spark to miss. 

There are two appliances for igniting cartridges in shot holes, both based on the 
dyuamo-olectric principle discovered in 1851 by Dr. Wkbnbr SimoDfS* Instead of 
perniauont mngnots, a horso-shoo elect ro^roagnet, formed of soft iron, is employed, 
IKMsessing only a feeble initial magnetism, proper to all soft iron, 1^ virtue of 
the earth”s magnetism. The armature consists of a 3u>XBrs’ coil, which is com* 
posed of soft iron of double t section ; which becomes a transverse magnet of an 
intensity corresponding to that of generating electro-magnets. The hollows or re- 
cesses in the double t irons are filled in by a coil of insulated copper wire. ^When 
a rotary motion is given to this coil, induced currents are formed which inoresM tho 
initial magnetism of the electro-magnets, and, consequently, tho magnetism of the 
armature; in this way the current becomes intensified. By means of a special 
cumrautatur, all dissipation of the currant along the wire communicatiDg wiu the 
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^tridge m psevented ; and dynamic electricity is thus produced until its intensity 
beoy iei so neat that the spark of interruption generated between the metalUe 
oomnetors cv the cartridge attains a certain force. This result is ensufed after 
VoL. IV* z 
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three tuns of the handle, which, therefore, pennite of the mmnltaneooa exploeion of 
M maaj ae a hundred cartridges at once, connected by conductors, provided that the 
total electric resistance outside the apparatus be equal to that within. 

The second application of the principle produces electricity in quantity, and car- 
tridges are used which are exploded by wire heated to redness merely by the pMsing 
of the current. The apparatus is similar to that aboye described ; but the firing is 
eiflbeted by hand so soon os the current him acquired a sufficient quantity of electricity. 

Bimiiurs emd Uauaufs Mine Signal ie an appliance for giving bell signals between 
the bottom of a shaft and the several heights of workings {fig. 2332). It is quite 
independent of batteries, and consists of a magneto-electric induction machine pro- 
ducing alternate currents, and connected by a special cable with induction bells, a. 
The inductor contains six permanent magnets, between which a SnticBKs' armature, ■, 
is made to revolve by means of a liandle, thus generating currents which act upon 
the bells. This system docs awuy with the difficulties and shortcomings of bells 
worked by batteries, as the magneto apparatus is of constant and unchangeable 
power, is portable and protected against damp, and is not so liable to bo damaged by 
rough handling ns batteiy arrangements are. To give n signal to the distant bell, it 
is only reqnir^ to turn the handle of the inductor at the place from which the signal 
is sent. When two instruments are connected signalling can take place from l)oth 
ends ; but, in cases whore signalling is required only towards one end, the olarum- 
l>olls can be separated from the inductor and placed at the receiving point while 
the inductor stands at the sending end. • 

aidOTUO OOmilJCTOXS- A statement has been mode, apparently upon 
authority, to the effect that east-iron pipes of several feet in length, and with collars 
nearly throe times the diameter of the pipe cast thereon, like the pipes used for Iieating 
purposes, have been used with g^d results as distributors, deep in the^nrth, of 
electricity brought down by lightning conductors. The directions are ns follows : — 

A length of copper pipe, al^ut four times the diameter of the lightning conductor, 
being fixed in the top of the iron pipe, stands some distance therefrom, and partly 
above ground. Below the distributing flanges a pointed and perforated cast-iron pipe 
is attached, the length of the whole of the ppes being about 30 it., and the conducting 
rod penetrating nearly to the bottom of the lower pipe. 

There can be no doubt but that an arrangement of this description will prove very 
effective in carxying off anv quantity of electricity, which may pass through a 
conductor of the electric fiuid. But it has been proved that a copper pipe sunk a few 
feet into moist earth, or connected with flowing water, is, for all practical purposes, 
quite efficient. 

M. E. Saiirr Eua suggests that instead of platinised points for lightning con- 
ductors, which have low conductivity, nickclised or nickel-plated iron should lie 
employed. The nickel surface has a conductivity a little above that of the mass of 
iron, and it is not in the least subject to oxidation. It is even proposed to nickelise 
the rod throughout, which would result in the following of the principle laid down by 
Franklin, 'tlrnt lightning-rods should be of only one rnttaX'^Camptes Itendus da 
VAeadhnk dea Scicncea, vol. Ixxxi. p. 949. 

■ZJKmtZO XmvOTZOir OOZ&. An induction coil of a novel description, 
and in many respects remarkable for ingenuity, has lieen brought forwiud by Mr. 
O. F. Bbush, a mechanical engineer of the United States. 

A rod of iron about fthsof an inch in diameter, and nearly 14 in. long, b {fig. 2383), is 
held by a collar and nut, d, perpendicular to the supporting board, a. A couple of pieces 
of ebonite 2^ in. in diameter, n it, form the euds, and are fixed to the rod. The core, 
o c, is composed of iron wires well annealed, and made perfectly straight ; from 1,000 
1,600 may be employed. 

This bundle of wires, when arranged vertically around the iron rod, is covered 
with Ibur layers of paper saturated with pamffin. Upon this the primary coil, p, of 
copper wire, ox an inch in thickness, is coiled ; this should be about 00 ft. in 
length. Whra the first layer is wound on, it is covered with six thieVnesBes of paper, 
ana then the second coil of copper wire is wound on, with a narrow strip of Mper 
botwsen the consecutive turns, a tube of ebonite, ■, about Jth of an inch ^(ckTis 
slipped on, and the coil is ready for winding on the secondary. Ibis is 80*000 ft. in 
length, and is wound in eight sections, as shown in the flgore. The centre sections, 
3, 4, 6. 6, eontain 07 layers each ; sections 2 and 7, 66 layers, and 1 and 8, 86 Uyeis 
respectively. The consecutive layers in each section are insulated hy paper ntnrated 
with wax, and the oonseentive turns of the wire in each layer are wound with a tpam 
of about nj^h of an inch between them. The wedge-shap^ spaces between the eee- 
tions are filled in with paraffin, and between the seoondaiw coil and the ebonite tuba, 
n, is also a layer of paraffin. The whole of the outside is covered with similiur 
material, as shown l^ the dotted line. 
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In viading this woondarj coil, the outside layer (1) ie wound first, and the winding 
Mooeeds uwl the requisite numbers of layers have coiled, sad the inner section 
(2) is reached, when the wire passes to section 2883 

2, the inside layer is first wound, and this 
' being completed, section 8 is commenced with 
the outnde layer, and so on throughout, as 
indicated in the figure, by the touching of the 
sections. 

Economy of space is claimed for this induc- 
tion coil, as, it is said, the same length of silk- 
eovored wire would occupy double the space re- 
quired by this method. 

A coil made as above described is said to 
have given, when worked by two Bunsbm cells, 
sparks of 3^ in. long. The condenser used with 
this coil is made of 200 eheots of tinfoil, 5 in. 
by 10 in., arranged on the usual plan, and 
separated by single sheets of varnished paper. 

Coils quite as powerful as this utio have Mon 
made in this country with lofs wire ; but the 
uovelty in the arrangement of Mr. Bitusu’s gives 
it a claim tomttention. 

B&BCmZO BASZilOfc. HroiTRs's 
ratus. — Automatic telegraphic transmission 
possesses certain advantages. Besides the 
regularity and accurscy of the signals, the 
work-capacity of a wire is sensibly ineniOBed. 

As far back as 1861, an automatic arrange- 
ment was proposed for the Huohrb apparatus 
by M Renoib , but the system of M. GiRannoN 
possesses the advantage that it ie easily 
adapted to the existing Huohbs apparatus, 
and can be as easily and momentarily replaced 
by the ordinary key transmission. The basis 
of the system is the automatic chain. This 
chain is in the form of a narrow ladder, of 
which the sides are two interlaced cords, 
coupled parallel by the rungs, which are flattened metallic rin^. In each space 
between two rings, between the double lacets, slidea a rootallie traverse, wmeh 
is prevented from quitting the chain by a central stop. All these traverses are of 
equal length, and each carries a letter, figure, or conventional signal. The com- 
position of the despatches is efiected by a dial-plate composer in which, by the da 
pression of the lever on the dial corresponding to the required letter, the proper 
traverses in the chain are thrust forwaid. The chain thus composed or arranged 
ie carried to the transmitting cylinder, where it controls the contacts of l^e trans- 
mitting lever in such a manner as to give the required number of contacts to actuate 
the type wheel, similarly as if the signal were sent by the key. {Annalet TkUgra' 
8rd eer., vol. iii. p. 4B0.)—Alf»traot of Papers in Foreign TransaeiiOHS 

MUmarmxa UOST. ^veral very suoeeeefal experiments have been of late 
made with electrical arrangemente adjusted for the purpose of producing illuminating 
power. In this country, at the Teesdale Ironworks, Stockton, the Messrs. Siunw^ 
Bbotebrs placed one of the electrical engines, which illuminated ^e workyard 
in a very renuirkable manner. The machipe required for generating the electric cur- 
rent was driven by a belt from the workshop shying. One and a-nalf horse-power 
was required, and the illumioating efifect was calculated to be equal to 1,200 candles. 
Similar experiments have been made at the works of the London and North-Weetem 
Bailway at Orewe, and the Mesara. SzsinNs have illuminated a portion of their 
telesraph workh at Woolwich by means of one of the dynamo-electric engines. 

The vertical section of their induction coil, Jiff. 2334, will sufiiciently explain the 
principle of the system Employed. The light is produced by the rotation of a bundle 
of insulated copper wire in the usual manner. This wire is coiled in several lengths, 
and with many oonvolntiona, upon a cylinder, abed, in such a manner that each 
single convolution deaeribea the perimeter of the longitudinal section of the cylinders. 
The triiole surfiuse of the^metal cylinder is thus covered with wires, forming alao a 
^ttder doaed on all aides. This hollow cylinder of wire endoees the atatlonaxy core 
of soft iron, w, a^ s', n*, which ia made stationary inside the cylinder of wires by i 

b2 
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of an iion bar in the diveetioa of ita azie, prolonged at both ends throngh the bearinga 
of the wire cj'linder, and eztending to the atand^xds. Around the wire cjlinder, and 
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in close proximity to it, are curved iron ban», n, 2 r\ s, s^ so arranged as to allow only 
enough space for the cylinder to revolve freely between them. These curved iron bars are 
prolongations of the cores of the eleetro-niagriuU ; and the sides of these cores are 
connected by being screwed to the iron standards A continuous ciroait is formed 
by the coils of the electro-magnets, and the wires of the cylinder, which utter rotates 
in a feeble magnetic field formed by residual magnetism. In tliis way a current is 
excited in the wires ot the cylindrical armature, passes into Uio magnet coils, and 

increases the intensity of the magqistic field, 
and of the current, which latter is collected 
on rings, p p‘, or metal brushes placed in 
communication with two terminals. From 
these terminals a continuous current is 
convayed through leading wires, and the 
olacLrio lamp, which may be placed at from 
400 to 600 ft. from the dynamo-electric 
machine, without sensibly diminishing the 
intensity of the light, a longer dist.inco 
even than this does not nducc the light if 
leading wires of sufilciently small conduc- 
ting resistance be selected. At a speed of 
1,300 revolutions per minute of the induc- 
tion cylinder, a light, having an intensity of 
16,000 caudles, can be obtained with 6 horse- 
power. 

At page 204, vol. ii., a drawing of an 
electric lamp is given. It is the form adopted 
by M. Abchrkkau, and was for many pur- 
poses an exceedingly useful arrangement. It 
appears, however, desirable that the lamp 
adopted by the Messrs. Sixkbms should be 
described. 

The lamp is solf-rogulating, and is actu- 
ated without clock-work. This removes a 
source of failure and difficulty. The work- 
ing parts of this lamp are shown at fig. 
2336. By the united action of diatanoing and 
bringing together, the carbon pointa are 
automatically kept at a nnifonn diatviea 
apait, so that a perfectly steady light is 
obtained. The electro-magnet, ■, haa an 
armature, a, opposite ita polea, A apital 
Bpring,/, the tension of which can be regu- 
lated by the aerew, 6, withdraw! the arau- 
ture from the poles of the electio-inagiiet, 
and brings its prolongation, a', against the 
atop, d. When a current of auffleient strength to overcome the tenaion of the aTwjnS* /t 
cireulatee in the ooila of the electro-magnet, the armature is attracted, thus eataoliabing 
contact at c, which, offering a ahorter route, diverts the current ftom the ooila of the 
eleetro-magnet into the * shunt,* aa it is called. The consequent release of the arma- 
ture from the polae of the electro-magnet roopous tho contact at e ; theurmatare la 
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•ffiain ftttiwited, and this action is znpeatod during the use of the maohine. When, 
^erefore, tke Catbon points are so dose that the resistance of the eleotrio arc is 
sufficiently small to mamtain a current in the coils just powerful enough to oveftomo 
the tension of the spring, /, the armature, a begins to oscillate, and continues to 
vibrate while the current remains of the same intensity. The spring pawl, a, at 
the ‘extremity of the arm, a', oscillating with the arm, actimtes a five-toothed ratchet- 
wheel, tt, in gear, by means of a train of wheels and pinions, .with the racks of the 
carbon holders ; and resists and overcomes the gravitating tendent^ of the ^ upper 
carbon holder, thus slowly parting or distancing the carbons. Increase of resistance 
follows this distancing of the carbons, and the current becomes proportionately 
weaker ; the armature ceases to oscillate^ and again rests upon the stop, d. 

In this position the spring pawl, s, by its indin^ face bearing against a pin, n, is 
released fh>m the teeth of the ratchet-wheel, u ; the preponderating weight of the upper 
carbon holder now comes into play, and the carbons are brought towards each other, 
t ho spur-pinion on the spindle of the ratchet-wheel, «, revolving in an opposite direction 
to that when under its influence. The speed at which the carbons approach each other 
iu regulated by the fly, w, the driving wheel, b, of which toms loosely on the axis of tho 
nitchet-whool, being coupled to this wheel by the spring detent,^ t, the detent acting 
only when tho carwns approach. When in action, the altematipg movement of the 
carbon is scarcely perceptible ; but whon, owing to any exterior influence, the light is 
extinguished, the carbons immediately run together, ignite as soon as contact is estab- 
liBluMl, and wgrk apart, under llio action of the olectro-magnet, to tho distance determined 
by the t nusion of tho spring, /. The tension of this spring is tho only matter requiring 
HttBiitii n, when this is regulated and adapted to the strength of the current, the lamp 
will continue to throw n ('onstant light so long as the current remains constant. 

Dr. AimnKWs, F.H.S., in a lecture delivered by him in Ireland, says: ‘I cannot pass 
over tho machine of Sixmkms and Altemkck, in which electrical currents are obtained 
solely by the rotation of a longitudinal helix of insulated wire. This helix revolves 
in an annular space bounded externally by two somi -cylindrical magnetic poles, and 
internally by a stationary cylinder of iron, which latter may also be an independent 
magnet. Tho following account of this apparatus I give nearly in the words of the 
inventors. Between tho poles of one or more magnets or electro -magnets an iron core 
or cylinder is placed, so ns to leave a sptice between it, and tho faces of the magnetic 
polos, which have a cylindrical form, and are concentric with the iron cylinder. In 
this annular space a cylindrical shell of light metal is mode to revolve, on which n 
coil of insulated wire is wound parallel to tlie axis of tho shell, and crossing its ends 
from one side to tho other. There may be several such coils, each covering an arc of 
the peripheiy of tho shell. The ends of theso wires are connected by metallic rollers 
or brushes with two statiotiary conductors, which are insulated, and constitute the 
poles of tho machine. Tho currents obtained on rotating the shell may be made, either 
continuous or intermittent, or they may bo altornatuly reversed.’ 

Guammb’s Electnr Engine . — Tho (Irammk miwhhie now in use for the production of 
the electric light i- a considerable improvement on the machine which was tried on 
the clock tower of Westminster Palace. That machine had the defect of becoming 
hmted while at work, and of giving sjiarks between the metallic bundles of copper 
wire and tho conductors from tho lulieos. Tlie entire machine weighed 700 kilo- 
grammes, and tliere are 180 kilogrammes of copper in tho eliK'tro-magnets, and 40 
kilogrammes in the two rings. It prtjduccd .a normal light of 600 Oarcbl burners ; but, 
by augmenting the velocity, it was assorted 1 hat tho amount of light could ^ doubled. 

In 2386 we have tho latest impreuements dovisod by M. Gbamhb for producing 
the electric light. In this macliiuo there are only two lair electro-magnets and a 
single moveablo ring placed between tho eloctrri-magnets. Its weight is 183 kilo- 
grammes, and tho entire weight of copper used in its construction, Ixith fiir the ring 
and for the electro-magnets, amounts to 47 kilogrammes. Its normal fxiwer is about 
200 Oabcbl buraers, but this can bo greatly augmented by increasing the velocity. It 
may be interesting to give tho results of some experiments with this machine. 
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• & uniting two or more machines together, electrical eorrents of high tension maj 
be obtained. But a more usefhl arrangement is to diride into two, each ring, so that the 
two ftalyes may be joined either for quantity or tension, and varied effbots thus ob- 
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tained fW>m the some machine. Tine is cifcctud m the following manner. Bupposo 
the machine to contam sixty bobbins or helices round the ring. If the eiitnince ut the 
thirty alternate bobbins is placed on one side of the ring and of tlie thirty other 
bobbins on the other side, there will be in reality two ring- armatures in one, inter- 
laced as it were into each other ; and by collecting the currents bv means of two 
systems of rubbers, one to the right and the other to the left of the ring, we may 
obtain from each, one half of the olectrieity produced by ^he rotation of the ring. By 
applying this principle to machines for pr^ucing the elociric light, the same machine 
may give two distinct lights instead of one. In its industrial applications, this is a 
point of capital importance. The use of the electric light is at present greatly inter- 
fered with by its excessive brightness, and the deep shadows which by contrast are 
produced at the same time. These defects will be to a large extent remedied by the 
use of two lights, so that the shadow from one may be illnroinated W the other. It 
is propo^ to use four electric lights, each of the strength of fifty Carobl burners, 
for lighting foundries and large workshops. In support of this proposal it may be re- 
marked that Duuoscq's lamp of the latest construction gives a singularly ste^y and 
mild light, with only twenty Bunshn’s cells, and would of course work equally well 
with currents of the same intensity from a magneto-electric machine. 

In 1871 M. Jamin communicated to the French Academy of Sciences a short note 
by M. GaAino, on a magneto-electric machine, which gave electrical currents always 
in the same direction by the revolution of an electro-ma'^notic ring between the polos 
of a permanent magnet. The construction of the electro-magnetic or ring armature 
in Gusififrfs machine differs in some mechanic tl Uotails from the transversal electzo- 
mraet of Pacihotti, which it has indeed entirely superseded. 

In its simplest form this armature consists of a ring of soft iron round which is 
wound a sing^le closed coil of copper wire or other metaUic riband covered, with silk, 
except at a single point in each !o<jp of the coil. In,^. 2837 such a ring is shown, 
plaoM between the polee of a permanent m^net. The parts of this ring centimous 
to the polee, hs, of the fixed magnet will acquire, respectively, polari^ <» the 
opposite kind to that of the neighTOuring pole, while the parts of the ring, 0 o^ 
at the end of the decimetre at right angles to the line joining the poles will bb 
neutral. 

To make the explanations clearer, let ns suppose that there is only one loop of wire, 
2888, upon the ring, and tlint this loop is moveable, and in connection irith a 
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milrntiomeier, g. If now tho loop is moved along the ring (sMumed to be at rest) 
from the neutral line o towards s , a ourrent will be develop in a certain direotion, 
tho intensity of which will increase till the loop reaches after which the current, 
always preserring the same direction, will dinunish till the loop arrives at o', when 
the current will, for a moment, fall to aero, to be succeeded by a currentin the opposite 
dirtctiun as the loop leaves o'. This current will in like manner increase during the 
advance of tho loop to n', when it will attain a maximum, and afterwards diminish till it 
arrives at o, where, after passing through zero, the direotion will again change. There 
will thus be a current always flowing in ono direction as tho loop moves from o through 
s' to o', and in an opposite direction as it moves from o' through w' to o. Now if the loop, 
instead of the fixed magnet, m m s, bo moved, it will be found that the currents de- 
veloped will correspond, both in direction and intensity, with those produced in the 
moveable loop, provided wo allow for tho small displacement in the position of the 
polee of the ring arising from its motion. 
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Tbo foregoing statomonl may be extended from a single loop toany number of loops 
furmiiig part of a coil extending over tho wholo of the iron ring,/p. 2337. 

The machine may bo converted into an electro-magnetic one by transmitting the 
current from a Toltaie pile through tho holicos of the iron ring, which will then rotate 
on its axis. If the current be suppliod by another magneto-electric machine, the same 
result will bo prrKluced, and wo shall thus have mechanical force, after assuming Uie form 
of current electricity, reappearing, but with some loss, in the form of mechanical force. 
Id an experiment on the lai^e scale described by M. BnuauKT, the loss amounted 
only to 30 per cent. If during this experiment the machine which supplies the 
current has its motion reversed, the other machine will soon come to rest, and after- 
wards begin to turn in the opposite direction. The intensity of the current, M. 
Bbsuttut remarks, augments with the velocity of the rotation, the electro-motive force 
having been proved by experiment to be proportional to the velocity. At first view 
it might appear that the resistance would remain constant ; but as the intensity is 
found not to be proportional to the velocity of an invariable circuit, we are led to tho 
conclusion that the resistance of the machine is not constant. This important point 
has established by M. Sabins, but the details of his experiments have not been 
published. The inorease of resistance is, however, so small, that a machine which 
gives with a velocity of 100 turns per minute a current equal to that of one small 
BumsM’s element will give with a double velocity a current equal to two such elements 
a little larger, and with^ a quatlruplo velocity a current equal to four still larger 
elements of Bunsbn. It is certain that this increase of electromotive force cannot be 
indefinite, but must tend towards a limit ; but this limit does not appear to have beeu 
reached eveh with a voloeity of 3,000 turns per minute. 

£^m this property of the Gbamxk machine it may be employed to measure, Iqr ths 
method of opposing currents, any electromotive force. For this purpose it is only 
necessary to ascertain the velocity of rotation of the ring when the equilibrium between 
the currents is established. This may be measured in one of two ways — ths 
i^locimeter of Bbsohxbns, or by a chromoscopio diapason. The mode of operating with 
Che latter whan applied to the Obamxb machine is thus described in M. 
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uroric. * Ott tli6 axis of the ring is mouutod a small plato -whose plane surfkra is covevsd 
w ith lamp-black by bolding it over a candle. A tunin^fork vibrating 100 times 
in a saeond, and cariying at one end a little style, is held m the hand, or, still better, 
fixed on a special support At the precise moment that the two electromotive forces 
AVB shown by the galvanometer to be equal, the style is brought into contact -with the 
blackened surface of the plate, upon which it traces a sinuous line. A very short 
contact is sufficient to give the required result. On stopping the machine, it will bo 
Been to what fraction ^ the circumference ten sinuositiee of the line traced on tho 
plate correspond, firom which it may be inferred in how many hundredths of a second 
the entire revolution of the ring has been accomplished. It is stated that if the ring 
ill the Gaamhx machine be turned at a perfectly steady rate, the currmit produced 
will be more rigorously constant even than that of a Danixlls battery in good working 
order.’ 

In a communication to the AeadSmie des Sciences^ M. Tbbsca has given an account 
of a series of experiments which he had instituted for the purpose of determining 
tho work performed by the magneto-electric machines of M. Quamub, used to produce 
light by electricity. His export ments had reference to two ranchinos omitting light 
equivalent in brilliancy to 1,850 and 300 (carcel) candles respectively. 

Authorised by the Compaokib nu Noitj> to make a series of similar experiments 
with the aid of MM. 8Iartioitb and Roudrbon, standard machines of 50, lOU, and 150 
candle power, respectively, were selected for the purpose. 

^Bopeated experiments have been made in the freight dop6t having an area of 1,500 
square mitres (16,146 sq. ft.), and a capacity of about 19.000 cubic mitres (671,023 
cub. ft.), as well as in the la^e market whose area is 11,000 square mitres (118,404 
sq. ft.), and 300,000 cubic mitres (10,695,100 cub. ft.) in volume. 

* The power necessary to set ma^eto-olectric machines in motion was ascertidnod by 
a comparison with engines driven by gas or vapour, of 2, 3, or 4 horse-power, used 
either separately or coupled. Previous determinations, however, with a ruoor 
dynamometer had given the relative volume of gas consumed to tho power derived 
(t.r. useful work), all the conditions remaining the same. 

* Tho lamps which were used in the oxpenment, were regulators of tho V. SsRuur 
type, and tho purpose remarkably well. 

* The following results were obtained: — 
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Thus it has boon indicated by M. Tmsca that those results show that the power 
neceesaiy to produce a certain amount of electric light— for instance, that equi^eot 
to 100 oandles--increaeea ve^ rapidly in proportion to tho diminution of the total 
quantiW of light ; whence M. Tbbsca has proved that the work per 1 00 candles was only 
0-41 6 ch. for a lamp of 1 ,850 candles, that it was 0*920 ch. for 1 00 candles with a lamp df 
300 candles, whilst the work per hundred candles amounts to 1 *7 ch., 2*4 ch., and 4*4 
for machines of 150, 100, and 50 candles respectively, with the carbon points seven 
miilimitree apart 

The experimento have furthermore shown tliat the requisite power to obtain the 
formatioo of the voltaic luminous arc is about 10 per cent, greater than that which 
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bArtiA at the uniform rate. Thii is true at the starting of the machine when the 
carbon points are in close contact and the resisianee to the passage of the 
current only feeble ; when, by and by, the eleotrioity developed is txansformed into 
magnetism in the electro-magnet and revolving band of the Gbaumb machine, and 
these, then, act suceessivaly. in forming a kind of brake which continually charges the 
motor. 

The experiments have shown that the power mven out by magneto-electric 
machines varies with the sises of the carbons of the lamp, a little more power being 
requisite for 0*009 m. than for 0*007 m. carbons. This again is due to the smaller 
resistance offered by the 0*007 m. carbons to the passage of the electric current, pro- 
ducing tlio efiects of a brake as mentioned above. 

The power varies but little in machines of 60, 100, and 160 candle-power, and, con- 
Bfiquently, the ratee of production of all tho light from these different machines are 
sufficiently close. Excluding exceptionally rare coses, it will be advantageous to 
employ machines of 100 and 160 candle-power. 

It boa been seen that the consumption of the carbons of the electric lamp was 
0 (36 ni. and 0 090 m., when tho carbons wore used at distances of 0*007 m. and 
0 009 m. apart. From this time forward the Compaonib dtj Nobd is warranted in 
paying for carbons of coke, and even for those of M. Carr^ which ore perfectly regular, 
iit the rate of 1 fr. per current mitre ; whence the figure, representing the cost per 
hour, may be set down at 0 136 fr. and 0*090 fr. 

The following figures are interesting, in so far as they give the compmtivo 
rxponseh incurred in the use of electricity and gas ns means of illumination. Taking, 
for Lxnmplo, the lamp of 160 candles and allowing it to emit light for ten conseoutive 
hours in some spacious liall or railroad dep6t, 160 Caroel candles will require a 
consumption of 160 x 0*16 me. of gas per hour, equal to 16*76 m., which, at the rate 
of 0 36 tr. per cubic mitre, would constitute an expense of 6*70 fr. 

In using electricity for illumination, 160 Carobl candles require 2*7 ch., which, 
at the rate of 0 09 per horse-power por hour (including cleaning and lubrication) tho 
expense would amount to 0*24 fr. ; adding to this, 0*09 fr. for the carbons of the ikmp, 
0*46 fr. fov wages to tho employi, and 0*20 fr. for the interest and liquidation of the 
expense of instalment, the total amount would be 0*08 fr., or, in other words, between 
the one-fitlioth and one-sixtietli part of the expense involved when using gas for* illu- 
mination. —Comptea Rmdua de VAcedkmia dea ^iencca^ vol. Ixxxii. 

Numerous attempts to employ electricity for illuminating purposes, -with economy, 
have been made. M. Lodtoin has received from the St. Fetersbnrg Academy of 
Sciences the Lomonossov prize awarded to inventors, for his electric^ light. It is 
well known that, under the influonco of a strong electric current, a body which is a 
good conductor, when connecting the two poles of tho current, may be heated to such 
a point as to become luminous. This phenomenon is turned to account by M. 
liODToiB for obtaining a conetont light, which is both reasonable in cost and capable 
of being nsed under all circumstances. Instend of producing the electric light by tho 
wearing away of the electrodes — that is to say, by the ignition of the particles of 
charcoal which are transported from one pole to the other in a body of air heated to a 
high degree between the electiodes^M. Lodyuib employs a short stick of charcoal in 
a single piece, and reduces the area of its section between the two electrodes in such a 
manner that it offers considerable resistance to the current ; so that the portion 
between the two poles, being heated to a high def^ee, becomes luminous just as a 
metallic wire would do. The lamp consists of a cylindrical glass vessel closed -with 
metal covers, so as to be air-tight bo(h at top and bottom. Occupying the centre of 
this ^linder is the stick of charcoal held in its place by two pieces of metal communi- 
cating, through the covers, with tho two electrodes of the battery. In order to render 
the light more intense, several sticks of charcoal may be placed in the same lamp ; the 
ronducting wire which leads the electricity from the battery communicates ^th an 
insulated rod connected with the cover and in contact with the first piece of charcoal ; 
the eloctrio current then passes into the second piece of charcoal Uirough the lower 
cover, and from thenoo to the next lamp, or to the battery. On account of tho heating 
of that part of the charcoal which is reauced in thickness, tho surfoce rapidly becomes 
oxidisea when in Contpct with the oxygen of the air, and tho charcoal is consequently 
worn away — a circumstanoe which wo^ tend to considerably limit the duration of 
the lamp. To aroid this drawback, however, the lamp is fillM with nitrogen, which 
is prevented from escaping by the two air-tight covers ; in this manner oxidation 
cannot take place, and tne pieces of charcoal preserve their original dimensions. This 
result has 1 m, it would appear, to the very ingenious arrangement invented by M. 
JABLOOIIXOF& of Russia, i&ich must now bo described. 

Jaidoekkofa PaUnt Meotrio Lamp has been creating a largo amount of attention, 
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mainly from its introducing a new method for securing the permanency of the electrie 
light. In his speoifloation he says : 

•Thin invention consists of the entire removal of all the mechanism generally 
used inside electric lamps. Instead of causing the carbon points to approaeh eacm 
other automadcBlly, by means of machinery in proportion as they are consumed, 
they are placed side by side as shown in the drawing {fig» 2889), and an insulating 
substance is plae^ between them, which consumes at the same rate as the carbon 
points — for instance, porcelain, brick, magnesia, or any other insulating substance. 

* The carbon used may be — 

* Ist. The ordinary carbon points used for the purposes of electric lights. 

* 2nd. Hollow carbons of different sizes to admit of one being plMed inside the 
other, or, 

* 8i^. Carbons made of compressed coal, which are well suited to the tube arrange- 
ment before mentioned.* 

* The two carbons thus prepared are fixed in a stand which may be described as ii 
special candlestick, and a current of electricity by means of a battery or any other 
source is passed through them. 

* To lignt the lamp the tops of the carbons are joined by a small piece of car1)on, 
which, on the electric current passing through, produces light. 

* To prevent one of the carbons consuming more rapidly than the other, carbons 
of different thicknesses are used to ensure equal consumption of both. 

* J^tween Uie two carbon points a piece of the insulating substance is placed, or 
one or boUi of the carbon points are placed in an insulating tube or tubes. 

* The drawing {fig. 2839) represents the carbons as parallel to one another, but 
they may be fixed inclining to one another. 

‘ Having thus described the nature of this invention, and in what ma«cpor tho 
same is to be carried into effect, M. Jaiilociiicofp claims : 

* Ist The mode of placing the carbons side by side with an iusnbiting substnncf* 
between them for the purpose of producing light by passing an electric current 
through them. 

*2Dd. The application of this electric light so produced for lighting purposes 
generally, both on Und and sea, and for sub- 
marine purposes 

* 3rd. The right of producing a coloured light 
by mixing colouring matter with the isolating 
substance which separates the carbons. 

‘ (Signed) 

‘Robvrt Afflboahth. thr Ertgluh Patentee. 
‘Sept 11, 1876.' 

(No. 87 Patent 3662, 1876.) 

A more complete description of tho most 
recent arrangement of this electric Candle will 
be found in the following quotation from the 
Electrical Journal 

‘ In the adjoining figure (2380), c c, are tho 
carbons placed parallel, with insulating matter, 
I 1 1, between them (a plate of glass, kaolin, or the 
like) , T T are tubes of copper, in which tho 
carijons are held ; a is a case of asbestos ; f f 
are the copper wires conveying the electric current 
The voltaic arc is formed between the points of 
tho carbons. 

‘It might be supposed that the insulating 
plate while separating the carbons woulo ere 
long break and extinguish tho voltaio are 1^ 
forcing it to elongate too much But it is not 
so. The high tomperatiire of the voltaic are 
suffices to fuse and even vaporise the glass or 
kaolin, so that this is used up in the same time 
as the carbons. 

‘If continuous currents be used the con- 
sumption of the carbons will be unequal, and 
the distance may become so great between the points that the light is extin- 
guished. This difficulty is met by giving a double section to that carbon whiob k 
used up most quickly. But the electric candle has hitherto aeted better with 
magneto-electric machines, giving alternating currents, than with batteries or 
(iRAMJia machines. In this case the carbons are consumed equally and may have 
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ttie Biime Action. One interesting peculiarity of the candle is that the liaht may be 
put downvards» so that no part gives a shadow, and it shines on the oeuing like a 
star in the dqr. Its brightness may be softened with diffhseJ glasses, as with elec- 
trio lights or gas. 

' / One of the chief advanti^ee of the candle is that it can be lit at a distance. M. 
JasiiOCSKorr has solved this difficulty in a very simple way. He places between 
the two carbons a small piece of pencil-lead, which establishes continuity. When tho 
current is sent, this little ball is heated, reddened, and eoon consumed. The voltaic 
arc is then formed. Instead of the pencil load a fine metallic wire may be used or a 
piece of metallic lead. 

‘ Again, the matter between the carbons, which insulates while solid, becomes con- 
ductive in the liquid state and permits an elongation of the voltaic arc beyond whit 
could be obtain^ in free air. This conductivity allows of opening the circuit 
momentarily and relighting tho candle without any of the artifices for relighting jhst 
indicated. Beyond a certain time the cooling suppresses the conductivity and 
relighting is impossible. The arc may be extinguished during nearly two seconds, 
and lit by merely closing tho circuit again. This particularly makes the electric 
candlu suitable for the transmission of telegraph signals by the Morsb alphabet. 
A series of short or long flashes are produced, separated l^ eclipses of varying 
length. Tho candle is more suitable for this than the lamp, because its relighting 
IS quicker and more immediately complete. Indeed, the lamps come to give tho 
voltaic arc in its normal length only gradually, whereas in tho caudle it has ^ways a 
length superior to the thickness of the insulating plate. In optical telegraphy, 
hitheriu, the Mobsh alphabet has also been given by flashes and edipsos ; but these 
changos have been worked by means of screens brought before the light and with- 
drawn. Such mechanism is unnecessary with the Jaulochxoff candle. 

‘ With the caudle — provided the source have sufficient tension— several voltaic arcs 
may be placed in tho same circuit instead of a single light.* 

The practical solution of the question of tho use of the electric light for in- 
dustrial purpose is thought to have been made with the Guammb machine, applied to a 
Skrrih lamp. As light-unit, the Cabcbl burner or lamp was adopted, which, consun^ing 
23-68 drams of refined oil per hour, with a flame of 1*38 inch, gives a light equal to 
that of seven stearine candles, each burning 6‘64 drams per hour. It was found that 
the motor-force required to drive the machine did not in any cose exceed 1 kilogram- 
mbtre per second for each light-unit produced. The carbon points cost at the 

5 resent time 4^<f. por foot, whatever the section, but this expense would probably 
imiuish under otlier circumstances of production. Four mugueto-machines of 100 
Oakgbl standard light- power each, worked by a portion of the force of a ^werful 
motor, would not consume more than 4*4 lb. per HP. per hour of fuel. This for 
400 kilognimm^tres per second, or 6^ HP., corresponds to 24*2 Iba of coal. Thus 
an electric light equivalent to 400 Caachl burners would consume per hour 12*6 in. 
(if carbon at per foot, and 24*2 lbs. of coal at about 0*1 3(f. per lb. or a total of 
8‘13(^. For the same light with gas the cost would be that of 1,483 cubic ft., at 6s. 8d 
11 thousand, or 10s., being iu the ratio of 1: 14 as the relative cost of electric 
light and of gaslight. Allowing about 1,000 hours’ use per annum, interest upon 
capital invested in the machines would raise tho cost of the light by another franc 
per hour *, and if motor-force were rot in existence this would be still further in- 
creased by increased special consumption of fuel, aud intereet upon capital to from 
26'6(f. to 30'4dL the hour, decreasing the ratio to 1 : 4. Using uluminating gas, as 
B motor in an Otto aud Lanqbn gas-entnua, the ratio would fall to 1 : 3, which ie the 
most unfavourable cose consider^. M. H. Fontaibb gives the expense and detail 
of eoet actually incurred by several works using the electric light, varying from 
2s. 4^d. per hour for a 400-power light (which need not, it appears, radiate from 
only one lamp, but may be dispersed from several lamps at different parts of the 
works), including all expenses and interest, to 6'8(f. per hour for a 300-power light 
In one case, whore the motive power is partly derived from a turbine.’ — H. Fomtaimb; 
Jievue Jndwtrklle, vol. vii. 

The CompUa JSendui publishes the following absiract of a paper presented to tho 
Acadkmia det SdenoM by 301. Hbbatboueb and Jablocuxoff. 

JHvisibUiiy of Electrw Light Of this M. Dbnayuouzb says : — 

* Although the inventiqn of M. Paul Jablochxoff has been in continual progress 
Btnoe the ffrst communication that I had the honour of making to tho Academy, I 
thought ic better to wait, before again calling attention to our studies, until a decisive 
appUMtion had been ahown publicly and practically. 

* let The ngnlator ean be advantageously replaced by a “ candle." ^ 

* 2nd. It ie poseiUe by this process to obtain several luminous fod with a dngle 
tlectrio cunuotk 
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* We put those two points beyond discussion by lip;hting one of the principal hwJla 
of the liravre, otoi^ evening, with tho multiplied foci. 

* After this public verification of the principle submitted to the Academy, I think 
1 can announce another new and important result obtained bv M. Jabloohxoff 
during several months of study and pursuit in the workshc^ of the society tha^ I 
direct. 

* In tho first trials made with the “ candle we have discovered that if we obtain a 
more oontinuous light than with the regulator, and if at the same time several lumin- 
ous points are produced, this double result is due to the action of the current on the 
insulating matter interposed between the two charcoal points. The voltaic arc, in 
putting this substance in a state of fusion, establishes, for the current between tho 
two cliarcoal points, a sort of passage mnch more easy than when the insulator 
WHS in a solid state. Experience shows that in giving a certain tension to the 
current of the machine the distance that this current can travel, on this sort of 
liquid conductor, is considemble enough U) create a number of luminous points. It 
is thiu that we obtain lights equal to 8 wax candles from tho circuit of a single 
machine of the most ordinary type. 

* Since then, M. Jablocukoff has been induced to try the effect of sparks pro- 
iliiced by a strong current on the refracting body. 

* Ho has introduced in the central circuit of tho machine, the inside wire from a 
series of induction bobbins, and made the spark arising from the induced current 
pass on to a layer of kadtn placed simply between tho two extremities of tho 
outside wire of each bobbin. 

‘ Having found, then, that the current was not sufficiently strong to put tlio in- 
terposed kaolin in a state of fhsion, it was heated to tho point of incandescence. 

‘ Tho current is then passed on a better conductor, arranged on the odgif^ of the 
plate of kaolin. The part of the plate which is warmed in this manner then gives a 
lino which becomes a very resistant conductor, and on the passage of a strong current 
becomes white-hot and emita a beautiful light. There is a certain consumption of 
kaolin along the whole length, but this consumption is very little. Tho plate of 
kaolin submitted to the action of the current is reduced, on the lighted part, about 
1 millimetre an hour. 

* The result thus obtained, between the two extremities of the wire of the bobbin, is 
a magnificent band of light, which can attain a much greater length than the ordinary 
induction spark produced by tho bobbin that is generally employed. This luminous 
bind, iostoad of being nut so bright as the induction spark, is a permanent focus, 
giving a light as soft and more steady than any known light, not only electric, but 
any in common use. As to its power, that only depends on the number of spires and 
the diameter of the wires of the bobbins employed. 

* As a groat number of bobbins can be placed in tho circuit, and as eadi Imbbin 
can bo divided into several sections, each lighting a band of kaolin of convenient 
length, wo arrive at a complete divisibility of the electric light. We can very easily 
obtain 60 luminous points of variable intensity. 

*In our experiments we have employed bobbins of different sizes. The intensity 
of the light varies naturally with the dimension of tho bobbin. In our cxporimpiits 
wo have made a scale of the intensitios of the different luminons points, so ns t(j 
have a graduated series of luminous bands, of which the weakest gives a light cqiuil 
to 1 or 2 gas burners, and tho strongest to 16. 

* In employing the nluirnato currents, the interrupter and the condensntor can be 
suppressed then the total system of distribution of currents is reduced to a central 
artery, represented by the series of inside wires of tho ^bbin, from which branch as 
many distinct conductors as there are bobbins on tho circuit. EWh luminous point ia 
tiien T>erfectl)r independent, and each one can be extinguished or lighted separately. 
The distribution of electricity in lighting a building liecomos analogous to the dis- 
tribution of gas, and in the special work that we constmet, great spaces would be 
lighted by the ** candles,*’ the offices and corridors b^ the luminous bands. 

‘ The means for lighting small places are of striking simplicity. It reduces itself, 
indeed, to a simple plate, with a thin slab of poroelofn, which will bum all night if 
it be about 1 eentimkre long.’ 

Camacho's cleotrio haiUery^ which has been introduced with a view to its employ- 
ment in connection with the electric light, appears to possess many very important 
advantages. 

Oawacho’s invention has for its object the rendering of the biebromate of potass 
battery eonsUut in its action, and thus producing a powerful and continuous cur- 
rent fat a long period of time at less than half the cost of any of standard 
lotteries. Th ire have already been many attempts to accomplish this by agitating 
tho liquid, aui alternately raising and lowering tho plates in the solution, 6(0.; 
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but in each ease the result is only a tomporaiy improTement, the batboi , _ j good 
results for a few minutes after each agitation, and then relapsing into its former 
condition. 

The oauBO of the intermittent action or sudden polarisation of this battery is the 
rapid deposition, upon the negative plate, of the residues resulting from the decom- 
position of the bichromate solution, and the agitation above referred to is for tho 
purpose of preventing this residue from adhering to the surface of the plates. 

In OiMACHo’s arrangement (Jig. 23401, a very large porous cell is used to contain 
the carbon element and bichromate solution, and the whole of tho coll is packed 
full of small pieces of broken carbon with a squaro block of carbon in the centre, 
which thus forms the nucleus of a negative element having an enormous surface in 
contact with the solution. A very small quantity of the latter is necessary to fill up 
the interstices between the pieces of carbon, the supply of liquid with which tho 
battery is actually charged being contained in a separate vessel, and kept continually 
(Mi'culating through and between the small pieces of carbon, passing from cell to coll 
through a series of from 4 to 6 colls and being finally received by another vessel from 
which the first or supply vessel is again replenished. 

2840 



Tho principal advantages are summarised as follows : — 1st. Constancy in action, 
with a current of great power and intensity. 2nd. Absence of fumes. 8wl. Facility 
in manipulation, the changing of liquids being effected and the battery re-charged 
without removing tho connectionH, 4tli. Cheapness in action, tho coet of working 
being little more than on^third that of a Buksxn'b battery of same power. 

The comparative if^ldng value of tho Bunbuh’s battery and Camacho's arrange- 
ment ore best illustrotM by the following abstract figures : — 

Bwisen, 


Electromotive force . . . , 


. 11-123 

Interior resistance . . . . 


•164 

Cameutho. 

Electromotive force . . . . 


. 12-912 

Interior resistance . . . . 

• 

. -320 


It will thus be seen that the electromotive foroob and consequently the tension, ii 
in ezeess Bunszm's ; but the interior resistance being double, of course each ele* 
ment requires to have double the surface to give the same result in quantity. 

The comparative working cost is as follows 
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Co$t ptr howr of 0110 cell inJhanM, 

Butueft, 

Fruios 

Zinc 0'0127 * 

Sulph. acid 0’0044 

Nitric ncid 0*0243 

Total 0*0414 


CavMLoho, 


Zinc . 
Sulph. acid . 


Biciirotnate potass 


Fnnm, 

0*0127 

0*0028 

0*0060 


Total . 


. 0*0205 


The battery, if worked tlirough a local circuit with but nominal resistance, will 
remain in constant action for 20 hours ; at the end of which time the "acid in the 
exterior cull will become exhausted, and for the first 10 or 12 hours the current will 
be of uniform intensity. M Camacho is also the inventor and patentee of a new 
electro-magnetic engine, in which the armatures are formed of metallic plates insu- 
lated one another, and he has introduced a new commutator of an ingenious 
description. We have no^ however, any information as to the first ‘cost of tliis 
engine, or of the cost of working it. 

Leclanchi^B CeU . — The coke manganese galvanic cell is fairly well known, as giving 
a very constant current, but which, however, is much decreased by the resi^ance of 
the tar covering the top of tlie porous cell, and by the decomposition of the man- 
ganese dioxide, which is transformed during the action of the cell into manganous 
oxide; the latter oxide closes the ^rea of the cell. Mr. Sbuoius Ebrh, of St. 
Petersbuxg, states that his battery Is a modification of LEczaNCHB's one, and that 
experiments have proved it to act veirv constantly. Two parts of cleanly washed 
eoka, and one part of manganese dioxiae (MnO’) in the state of powder are well 
mixed together with a small quantity of water acidulated with some drops of nitric 
ocid; the mixture then is strongly pressed into brown paper cartridges 0*1*26 m6tro 
high and 0 03 m6tre in diameter. The resulting coke man^nese cylinders are dried in 
a warm place, but not over a fire, because the heat, as it is known, decomposes the 
manganese dioxide. 

The dried cylinders are placed in glass jars containing concentrated solution of 
ammonium chloride (NH'HCl), and surrounded by sine plates curved in the usual 
manner. By this arrangement the use of porous oells is avoided, and a battery of 
such elements acts more constantly ; besides this, tbo construction of it is cheaper. 
Instead of having glass jars, 1 am using wooden boxes, the sise of the glass jars ; 
the internal parts of the boxes are covered with tbe following mixture, melted in an 
iron cup : — 2 parts of wax, 10 parts of common resin (colophony), 2 parts of red lead, 
and i pi^ of gypsum. 

The zinc of the dement is the negative pole ; the coke, the positive pole. The 
reactions whic^ take place in this element may bo represented by the following 
equations s-** 

2NH«HC1 + 2Zn = 2Zn01* + 2NH> + H*; 

W + MnO- « MnO + H*0. 

Chemical Newt, 


auono-TauM«2i»BT, unrsicAXi. (Voi. i. p. 229 .) in 1870 M. 
Boubbousb instituted a series of experiments which went to prove the possibility of 
telemphing between two stations without tbe use of connecting wires. The diiA- 
cultles whi^ were in the way were found to be numerous, but after having been 
laid aside for some years, M. Boubbousb has resumed the enqui^, encouraged hy the 
fiusilities which La Coun’s musical telegraph affords for distinguishing between difTe- 
rent messages. 

In a recent number of La Nature, M. Boirrncps gives a brief deseription of the 
apparatus wUch it is proposed to employ for transmitting messagee by a qritom 
of musical notes, and intr^nees the subject with the following explanation A tbe 
principles of his mneieal telegraph 

When the most common phenomena of acoustics are reealled^for example, the 
transmission of a melody played by an orchestra which is audible to an e^re 
audience at long distaaees from the players, as introdueed eome yeare since by the 
late Sir Oharlee Wheatstone, and shown by him at King's College— it is not easy is 



* BIiBOTEO.TBSLEGEA.PBT, 1CU8I0AL 851 

•uljM Ui« althott^ m sx|dalii it bj mying tliAt the TibntioBt, eitabliehed at 
bne end of the 'whaterer it may be, are ttanimitted by a oontlmiaiioe ef the 

ttndalati 9 iia to its other extremity. Physics tell us that the sounds produced by each 
instrument Imri their own tonauty and their distinct measure, that the notee mm a 
violiu, a flute, or a trombone, conitepond to diflhrent Tibrations, transmitted through 
the'atmoqphere and cfaaiaoteristie for each note. That the rhyti^ in the succession 
of notes, which makes the meaflure in musi<^ produces the cadence, constituting, with 
the tonality and the timbre of the instruments, the auemhle of the air which affects 
us. The transmission is so precise that the ear, from the medley of sounds, instantly 
distinguishes a discordant or unUmely note. 

Suppose aweries of three tuning forks, vibrating eontinuously and producing, respec- 
tively, 100 ,^ 800 , and 600 vibrations per second. It is easy to perceive that each fork 
may mtomipt and estabbsh an electric current with intermissions regulated by the 
number of its vibrations. If, then, there be three other forks identical with the flrst, 
oach set being located at an extremity of the conductor between them, the trio at one 
end will affect those at the other , and further, if one fork be impressed with a 
ideace wliioh does not coincide With its regular vibrations, then its corresponding 
fork uill likewise emit the same discordant sounds. 

The details of the arrangement which has lately been exciting much attention and 
curiosity, are stated to be as follows: — 

(1) It is nocossary to construct a tuning-fork whose movements ean be miuntatned 
by Hii oloctric current. (This problem has been solved by M. Dxpbub, and 

Mr OiivT of Chicago.) (2) it is necessary that these forks emit currents whose 
phases ' orrespoiid exactly with their movement. (3) Finally, we must be able, in a 
vpiy sm.ill interval of time — say one second — tonrrestand put in action a great number 
of times (100 at least) each of those forks. This last point is the only one which pre- 
sents any difficulty. The success of M. Marcel Drpiub enables us to think that the 
third condition may bo rotilised. 
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1 device for transmitting the vibrations of the fork to the oo i- 

ductor.^ The arm, a, of the fork, ne, vibrate in contact with the platinum tongue, r, 
tM position of which is regulated by the screw, o. A current entering at b is clos d, 
WMn the extremity, n, tonohes the plate, o, and is open when contact is brok n. 
ahwn** needed than the opposite wire, l, connected with the fork as 

character of an intermittent current is recognised, ll is the 
nwn liiM travewng the station, abc are three forks similar to those at the point of 
nansaumcm. The fprk, b, for example, which is in unison with the current, will be 
ttoo^ into vibration, while the rest will remain silent. This fork, b, wiU then touch 
“?® f * plate, OtJ^. 2341, and will establish in the circuit 66' a local current of 
tne batteiy, u, the polos of which are respoctivoly applied at rt6c and o' 6* c*. The 
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local ounrent will llkawiae be intermittenti according to the meneure of the fork, birt 
by rtaaon of the velocity of the pulsaiiona it will manifebt itaelf in many caaee as 
a oonetant euiront, either by operating a chemical decompoaition, or deviating a 
magnetiaed needle, or by exciting an electro-magnet. See TBLaraoKB. 

TranmUaion of El€otrioity,~SaaiO verjr ingenious experimental investigations on 
the velocity of transmission of electricity in suspended wires, have been nuMle by 
W. SinoBKs. 

The method employed by him diiFera in some essential points from the plan eon- 
coived by him in 1845, for the measurement of the velocity of dectricity. The earlier 
method required two steel rotating cylinders, equal in size and insulated from each 
other and from earth, as well as two pairs of lines, of which one pair connected tlie 
two cylinders, and the other pair two insulated conducting points placed opposite the 
peripheries of the (flinders. A Leyden jar is inserted between one point and the 
line connected to it, so that the discharge current must pass through the whole lino 
circuit and leave a spark-mark upon tlm surface of each of the two cylinders. Thu 
difference in distance of the marks produced when the cylinder rotates, f^rom that ■ 
when the i^linder is at rest, constituted a motisurS of the time which the electricity 
required for traversing half the circuit. Considerable difficulties are presented in the 
preparation of this method. One of these consists in procuring four lines departing 
from the saine place, of ecjual length, and sufficiently well insulat^. But the principal 
difficulty is the mechanical one of making two steel cylinders insulated from one 
another and the earth, and so light and perfectly centred as to admit of the velocity 
of 100 to 150 revolutions per second. The following method was therefore designed. 
It consists in the employment of two Leyden jars or condensers, the inner coatings 
of which are connected to a point plac^ close to the rotating cylinder (itself con- 
nected to earth), one direct through a short wire, the other through a long wire 
circuit. The outer insulated coatings are metallically connected. If thrae are con- 
nected to earth, the electricity of the inner coatings of both jars will then ije freed at 
the same instant, and be discharged through the point and the rotating cylinder to 
earth. If the rotation is sufficiently rapid, and the line of sufficient length, two 
widely separated marks will be produced upon the cylinder, their distance apart being 
the measure of the time which the electneity requires fbr passing through the line 
from the jar to earth. In the experiments this arrangement was modified so that 
two points, instead of one point, were placed opposite the cylinder and connected, one 
direct to one jar and the other througn the line to the other jar. The points wore 
as near as possible to one another, so that the synchronous marks produced by both 
on the cylinder while at rest lay close together and practically in one plane parallel 
to the azis. First a discha^e of the jars is taken when the cylinder is at rest, and 
after that the discharge which servos for the measurement whifo the eylindor rotates. 
The cylinder is as light as possible, worked from a solid steel one with a diameter of 
1*575 inch (40 millimetres) and 0*304 inch (10 millimetres) length. Its steel axis is 
famished with a screw thread in connection with a powerful train of wheel-work by 
which constant velocity is maintained. The balance-wheel with one hundred tooth 
carries a small projection which strikes a bell ; when the governor is so arranged that 
the stroke of Uie bell occurs at the same time as the tick of a seconds pendulum, 
then the cylinder revolves exactly one hundred times per second. Attached to the 
apparatus is a microscope fbr r^ing off the spark-marks. One millionth of a 
second can be read off, and one ten-millionth estimated. 

Instead of Leyden jars, mica- plates and tinfoil condensers were used. Discharge 
was effected ^ cutting through the gutta-percha-covered conducting wire by a smart 
blow of a knife connected to earth, and thus the troublesome false dischaige-marlu 
caused by slow discharge of the condensers were eliminated. The discharge of the 
jar through a caoutchouc tube filled with water, or through a wet string, gave, as it 
appeared, a manifold series of spark-marks surrounding the whole (^linder, but there 
was no difficulty in establishing the commencement of the discharges. Sinmirs had, 
on many grounds, deemed it pnfiiablo, especially as being in aoeoxdanoe with the 
results obtained by Fizaau and Goukklxjs, that the velocity of transmission of electri- 
city would be found proportional to the specific conductivity of the material, and he 
repeated the experiment with a caoutchouc tube filled with sulphate of sine, 100 ft. 
Jong, 0764 inch (20 millimitres) diameter, but was unable to nnd any difference of 
time Imtween the direct diniha^e-mark and that produced by the first partial dis- 
charge thiongh the tube. A dimrence of one five-millionth of a second could etrily 
be observe^ so it is certain that the velocity of transmission of sleetrioity in liquid 
must exceed 600 German miles par second. Now the conductivity of copper u at 
least 200,000,000 times that of sulphate of sine, ud therefore, assuming that the 
velocity of clcctrieity is proportional to the spocifle conductivity, the velodty in 
copper will be at least 160,000,000,000 miles per second. That electricity is eou- 
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ducted more quiolcly in electrolytic conducUoit than in motals of the same eonduc* 
tirity, no one wodd asenme. 1%e contrary is probable, because in electrolytic 
conduction molecular action comes into play. 

By experiments carried out on long telegraph lines the question had to be deter 
mined, whether to electricitv as to light a determinate measurable velocity can be 
ascribed, or whether the values of retardation measured by the difibrent observers 
ought to be wholly or in great measure attributed to the retarding influence due to 
th6 inductive capacity of the line. To this end experiments were made in close suc- 
cession on lines differing ns much as possible in length, and in each case the electro- 
static capacity of the line was measured. The flrst set of experiments indicated a velo- 
city of 120,000 miles per second ; another set 148,000 miles per second ; a third set gave a 
mean of 149,916 miles per second ; and a fourth, upon which less confldence is placed, 
169,092 miles per second. The monsurements of the electrostatic capacities of the 
linos over which the velocity was measured tend to show that the retardation must 
be due to some other cause than the influence of inductive capacity.— Pogobndobff's 
Annalm der Phystk und Chemie, 1876. 

■UOTSO' MBTAftAUSOT. See Mbtaixuhgt, Eluotbo. 

UBMZ. (Vol. li. p. 262.) ll appears that in 1820 a gum resin was introduced 
into Europe, having much the character of the ordina^ gum elemi, and was used by 
varnish makers. Baui' examined it, and found that besides an essential oil, itconsistM 
chiefly of some resinous substances soluble in water, but differing from one another in 
their solubility in alcohol. These he named Sri/oidin, Brcidin, and Amyrin. 

The composition of olomi is given as : — 


An essential oil . 
Crystallisablo resin 
Amorjihous resin 
Bryoidin . 


. 2 H»0 

. 2(C'»H>«)2H»0 
. 2 (C>»IT •) 3 H«0 
N. Rep. Pharm,, by Ph. Piicbbus. 


BUMtZ, BflSlIVTZAB OZXi OF. By distillation of elemi, an essential oil of 
an aromatic character pas<)e8 over. The peculiar smell of elemi is due to this esabntial 
oil. See Elumi. 

BMmiAliD-BVBTZi. Nvw South Walks. —T he name emerald is usuallyreserved 
for the deep green -coloured stones fit for jewellery, while the less beautiihl and pale 
varieties arc termed beryls. 

The emerald is said to occur mixed with granite detritus in Paradise Creek, and near 
Dundee. Also in gneissifurm dykes on the summit of Mount Tennant, and at Lanyon, 
to the west of that mountain; in the granite at Cooma, and in Mann's Kiver, with 
other gems. In some cases the beryl is probably meant. 

The beryl is much more common ; it is found at El smore associated with quartz and 
crystals of tinstone. The beryl crystals, whicli aro often very thin and fragile, are 
seen intorhiccd with and seated upon tin crystals. 

At Ophir the licryl occurs in white felspar with quartz and white mica ; one crystal 
was j in. tlirou^h, of a pale transparent yellow green colour and ^nirfous lustre. 
Its sp. gr. « 2 708 A very fine white beryl, weighing about 100 carats when cut, 
has been found in Perthshire. 

BMOBZSr. This compound, .iccompdnies chrysophanic acid, and is 

found in rhubarb root to the extent of about 2 per cent, of the latter. It bears to 
chrysophanic acid a relation similar to that of pnrpurin to alizarin. Db la Rtjii 
and Mullkr, as also Rochlrdbb, obtained on the analysis of oraodin tolerably concor- 
dant numbers, and proposed the formula C**H*®0’*. 

To obtain emodm, crude chrjrsophanic acid is boiled with soda lye, and Altered 
whilst boiling. Chrysophanic acid remains almost entirely iindissolved, whilst all the 
emodin is taken up with a blood-red colour, and is precipitated by acids ftom this 
solution in amorphous yellow flocks, which are punned by re-ciystallisation fiiom 
boiling alcohol at about 80 per cent. The colour of emodin is not so light a yello^v as 
that of ohrysojpbanic acid, but inclines to orange.— by Q. Auhbback. 
Translate d by W illiam Crookbs, F.R.S. See Chrysophanic Acid. 

BJilBZTB. A sulphate of copper and alumina. This mineral was obtained 
flcom the caves at the old quay, St. Agnes, Cornwall, where it occurs in the form of a 
bluish green stala^itic crust. The water, from which this crust was deposited, loii 
through the ground, below the enclosures in which formerly the copper on 
(sulp hide of coppe^ was stocked previous to its being shipped for South Wales. Ao- 
eording to Mr. J. H. Collins, this mineral has a hai^ness of 2-24, and specifle gravity 
of 1*69. Its composition is given : — 

Vol. IV. A A 
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Water 30*42 

Sulphuric acid 8*12 

Silica 3*40 

Alumina 20*85 

Oxide of copper 16*01 

Lima ........ 1*85 

Carlwnic acid 1*05 


with traces of chlorine, soda, and oxide of iron. 

* The mineral,* says Mr. Collins, ‘ is no doubt of comparatively recent fomation, 
but as it has very marked characters, and none of the appearance of a mechanical 
mixture, Dr. Fostbb and myself have agreed to call it ICnvftite, ufler our kind friend, 
the late John S. Ents, F.G.S,, to whom the cave belonged, in which it wns found.' — 
MinmraJIcgiBal Magaeiiu and Journal of the Mmerahgical l^iety of Great Britain and 
Ireland, August 1876. 

■OflZir. (4kc6f, the ted of the morning.') Bafteu states that eosin was first pro- 
duced commercially at the i^den Aniline Works by Gabo, and by him introduced to 
the trade. It appears to be a bromide of fluorescine, and is obtained by treating 
resorcin with phthalic acid, and then the new body fin orescine with bromine. Babtbb 
suggests the following experiment to show the relations of eosin. A portion of the 
colouring matter is agitated with wafer and sodium amalgam. The solution is soon 
decolorised, the bromine of its composition being removed, and colourless finorescin 
produced. If now water bo added, and a few drops of potassium permanganate solu- 
tion, the fiuorescin changes to fluorescein, and the liquid becomes bright green, and 
almost opaque in reflected light. Eosin is a potash salt of resorciup, which is largely 
soluble in water. Eosin has a beautiful red colour, recalling that of rosauiline, but 
inclining more to garnet rod. In commerce it appears as a brownish red powder, 
showing here and there facets, with metallic lustre. It is soluble in w^sr and in 
alcohol, and its solutions are strongly fluorescent. Upon examination it was found to 
contain no nitrogen, and to evolve bronmretted hydrogen on heating, leaving a carlio- 
naceous residue containing bromide of potassium. Distilled with zinc dust, it aflfurded 
ben/ol. Its aquoou.s solution, treated with an acid, threw down a brick-red powder, 
which re-crystallised from glacial acetic acid, appeared as yellow prisms having a 
composition, C*®H*Br‘0*, a formula confirmed by the analysis of the barium salt, 
C»H«Br‘‘BnO*. From these data Hofmann concluded that eosin must belong to that 
remarkable group of bodies with which Bauteb ha.s enriched chemistry, Iwing a 
tetrabrominatcsl fluorescin, a derivation of a body which ho obtained by fusing reM>rcin 
with phthalic oxide. Hofmann's further investigations proved eosin to bo the 
pbthalein of dibrom-resorcin. See Watfs's Dictionary of Chemietry. 

Rhimann’s Fdrberzeiiung says: — Although eosin in body is distinguishable from 
the red coal-tar colours (magenta, &c.) by its greater solubility in water, and by the 
splendid fluorescence of the solution, it may often bo necessary to examine if this 
costly dye is unsophisticated. 

For this purpose the best reagent is sulphiiric acid diluted with four volumes 
of water. With this liquid, magenta and corallin give a golden yellow, and saffranin 
a violet blue Sfdution, while eosin rem.iin8 undissolved, forming an orange red 
coagulum. If previously in solution, it is precipitated by the dilute acid, whilst pos- 
sible impurities remain undissolved. 

detect eoain upon the fibre a concentrated aqueous solution of sulpl^ate of 
alumina is prepared (one part in 4 of water). The reaction which ensues is not pro- 
duced b^ any other dye-ware. The lakes sre well known to be soluble in the solutions 
of certain salts of alumina and tin. On treating a dyed cloth with a hot solution of 
sulphate of alumina, the lakes of cochineal, and all other natural rod colours are 
stripped ; tar colours, such as magenta, corallin, and suffranin, dissolve as such, whilst 
eosm red remains almost completely untouched. 

Eosiii yields lakes with the oxides of the heavy metals, which, unlike the lakes of 
cochineal imd of the woods, are soluble in water, but insoluble in precipitant!, such 
as in the sulphate of alumina. 

Eoein is sometimes adulterated with storch. To detect it, it is recommended to 
drench a portion of the eosin with alcohol at 96 per cent., which ought to give a clear 
solution. To distinguish eosin from coal-tar colours, and from alizarin r^ Waiinbb 
proposes to moisten the tissuee with collodion. If a white epot appears, the dye 
emmoyed is eosin. — R. Waonxb : Reimann’s tdrheremtung , No. 4, 1876. 

Eosin. Primbosb, or alcoholic eosin. This is an eosin not soluble in water, but 
soluble in weak alcohol. It fixes readily upon silk, and gives finer colours than eoejn, 
having more of a crimson shade, and being more saturated. Silk is best dyed in 
water containing the soapy liquors from silk blenching acidified by acetic acid. The 
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dye if veiy iS^t, and is not afieoted by ozpoiiire to light, and &r excels in beauty 
and in permaneoee the eoloure obtained from aajfremmt. 

To duBtingaifh eoein fgom safftanin and other eolonri]^ matters, the meet striking . 
reaction isitei inverse transformation bv debromisation into fluorescein. Under the 
influence of sodium amalgam fluorescein is very readily recognised by its splendid 
uranium green fluorescence. 

M; R. Wagnbb thinks the above process, which is due to M. Baxvib, is toodebcate, 
and that the following may be depended on. * 

Collodion is coloured by all the dies derived from aniline, by M^ala red and 
alizarin. Eosin, on the contrary, is immediately discoloured by collodion. 

Bbiiiank's Fdrberzeitung recommends for the detection of eosin in rod fabrics, that 
a concentrated aqueous solution of one part of sulphate of alumina in four of water be 
employed, in which the coloured pattern must be warmed. While cochineal and the 
logwood lakes, and the tar colours, such us /ucAsins, ooro/Ztne, and ai^ffranine, are 
extracted, the eosin red remains untouched. 

To test eosin for the above coal-tar colours, it is best to use sulphuric acid diluted 
with four times its volume of water ; the eosin is precipitated as an orange red powder, 
whilst fuohaine and edralline with a yellow, and safframne with a blue, solution remain 
dissolved. 

Wagner says a solution of eonn and methyl eosin treated with collodion is at once 
dissolved, wliilst all the aniline colours are intensely coloured by collodion. Pyroxylin 
(gun cotton'), which readily absorbs the aniline colours, is scaroely coloured by eosin, 

Baxybu shows the eosin is readily converted \ii\x> fivoresoin when treated with sodium 
amiilgnm. The bromine of the eosin is thus abstracted, and fluorescin formed, giving 
in very dilute solutions its characteristic uranium-green fluorescence. — Ding. PolyU 
Jour, ccxi. 

Eosin of a blue shade is now being sold, which gives wool a colour resembling 
cochineai ponceau. The dye is dissolved in water, and has considerable affinity for 
wool, no mordant being required except hyposulphite of soda. — BmMAinr's ^iSrAcr- 
teitung. 

Lend is the best fixing agent for it on cotton. The c^alico is printed with a solution 
of eosine thickened with gum, steamed, and then fixed with acetate of lead. 

In silk dyeing it is found that eosine soluble in water does not give good results. 
Better colours are obtained from a modification of eosine called Primrose. 

Upon wool, eosine gives cochineal shades. Eosine is used for making' red ink. 
About 200 grains of eosin, dissol/ed in water, with a little sugar and gum, gives nearly 
a quart of good ink. 

aoszra. An aurora red mineral found with cerussite at Lead Hills. It is 
regarded as & species between molybdate and vanadate of lead. — A. Schrauf, Jahrb, 
f. MinercUogie. 

aanrira. A mineral said to have been found in the county of Limerick. The 
analysis by Tuknku gave : — 


A rsonic acid 
Oxide of copper 
Alumina 
Water . 


83-78 

60-44 

1-77 

6-01 


It occifrs in mammillary and reniform masses, having a drusy surface, and consisting 
of concentric layers. 

MVABTO. The Lygewm Spartum is the only species of the tribe Phalaridem 
which yields the valuable grass, now largely imported and used in the manufacture of 
paper. It is a handsome grass, which has extensive underground stems or soboles, 
and haM wiry leaves. See Textilb Matbbiax.8. 

The importation of esparto is largo. M. Louis Levy,'* exporter of esparto and iron 
ore at Oran, says Algeria exported in 1873 46,900,000 kilogrammes, or, in round 
numbers, 46,800 tons. M. LAvy odds that in 1874 the exportation of Algerian esparto 
reac hed the quantity of 60,000 tons. 

XWk MMffi. (Vol. ii. p. 809 .) Olefiant gas. See Coal Oas. 

UB9&OBXW COMPOVms, bee Explosive Agents, vol. ii. p. 820. In 
the article referred to, several of the numerous preparations which have been from 
t^e to time introduced for blasting purposes were named and the compositions of 
the mcm important given, and their properties described. Since that period a few 
Others have been intr^uced, which require some additional notice. 

1. Tom/e, or Cotton Powder ^ is the name given to a preparation anidogous to gun 
qotton, but which is prepared by a process peculiarly adapted to the formation of a 
eotton powder. The following description will fully explain its manufacture. 

A A 8 
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Tb* sair ootton ai roeaired froib Maoehdstor is first hand-picked to deprivo it of 
its coarser imporitieB and foreign substances. It is then taken to a soutehing machine, 
or 'derih* ishere it is further cleansed and* the fibres separated. It is then 'washed, 
dried, weighed ont into 1 lb. lots, which are placed in tin-covered cans and taken to 
the steeping tanks, where it is thoroughly immersed in a mixture of nitric and sul- 
phuric acids. After about four minutes* immersion it is taken out, the TOund of ootton 
Living absorbed about 20 lb. of acid, 12 lb. of which are expressed from it in a 
hydraulic press, leaving about 8 lb. still in the cotton. As the charges are removed 
from the press they are taken to a washing tank, and afterwards to a centrifugal drying 
machine, where the moisture is expelled from them. The cotton then undergoes 
another washing and drying ; after which it is taken to the first mill, where it is passed 
between a pur of rolls and coarselv pulverised. From the first it is taken to a second 
mill, where it passes between rolls set more closely together, and where it conse- 
quently acquires a much finer degree of granulation. From the second mill the cotton 
powder — for such it has now become— is transferred to a tank of water, where it 
undergoes a final washing, so as to deprive every atom of the cotton of free acid. 
This washing is continued for some time, the pulp and water being kept in a constant 
state of agitation by means of a blast of air, which is forced through the tank. After 
settling and d^ing, the cotton powder is removed to the mixing house, where it is 
incorporated with o^er chemical ingredients in a pan under a pair of edge runuers. 
After the mixing has been completed, the compound — now, cotton gunpowder— is taken 
to the drying-house, where it is placed in shallow trays with fine gauze wire bottoms. 
These trays are laid in a long row over a trough, through which a current of heated 
air is blown by a fan, the air rising, passing up through the cotton gunpowder and 
drying it. From the drying house tne explosive is conveyed to the cartridge sheds, 
where it is filled into cases holding from an ounce to a pound, or any greater or less 
quantity that may bo desired. The cartric^es are subsoquently packod in cases, and 
are stored in a large magazine on another part of the works. Thus, that >*^'liich was 
at first a mass of harmless fibrous cotton has now become converted into a fine cream- 
coloured powder, capable of developing under certain conditions a vast amount of 
destructive power. 

Nitrate* of Sodimn and Barium have been tried as substitutes for saltpetro in gun- 
powder, but the hygroscopic nature of the first, and the low percentage of oxygen in 
the other, have prevented their employment. 

NUro-etareh has been proposed as a substitute for gunpowder, but it has not much 
power, and for blaiMing it is said to be worthless. 

VtMrite is the name given to nitrated cane-sugar, which was discovered by Sobbkxo. 
As tms is of a sticky, resinous nature, it is troublesome to manufacture, and it 
is especially difficult to free it from the adhering acids; therefore it is liable to 
undergo chemical change, and often spontaneous combustion ensues. Vigorite is 
difficult to explode, with even the strongest detonator caps, and it is said that its 
blasting power is not equal to nitro-glycerine. 

Dualine is mentioned in Exflosi'tb Aoekts, vol. ii. p. 821, as Schultzb's sawdust 
powder impregnated with nitro-glycerine. It was brought out in Germany by Mr. 
Dittmab, but it really consists of ordinary sawdust, nitrate of potash, and nitro- 
glycerine. It does not appear to be much used. 

IMhiofracUur, (See vol. ii. p. 821). The manufacturers hkve now published the 
actual composition as the Uthofracteur is now (1877) prepared by them : — 

Nitro-glycerine 65 per cent. 

Kiesel^hr (tf^/itsorial silica) 21 „ 

Charcoal 6 „ 

Barium nitrate and bicarbonate of soda, or either .15 „ 

Sulphur and manganese oxide, or either . . . 3 „ 

This is not very different from the composition previously given, the nitrate of 
barium and the Oktde of manganese being the only agents which were not mentioned 
in the description previously given. According to report, lithofrocteur does not 
posseM any greater degree of power than dynamite, but it has not been suffi- 
ciently experimented upon to thoroughly test its power. Its compositiou appears to 
render it Imble to spoDtaneons change ; still, if carefully kept, there is no doubt that 
deeom^tioD may be prevented for a long period. 

M. BuncELOT has lately published Contributions pour ssrvir A VHistoirs des 
MatUrsi Explosives, from which are selected the following tables : — 
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QHanHUu cf Htai produced hy ike foma ^ ef dtotic Compounds from 
their EIpnenmr 



Equivalents 

QnantiM de chalenr pour 

. 

1 equivalent 

1 gramme 

Nitric ether, C*R* (NO-H) . 
Nitro-glycerine, 0*11* (NO®H)* . . 

sr. 

91 

oal. 

+ SV0 

oal. 

+ 841 

227 

+ 260 

+ 110 

Gun cotton, (NO*H)‘ . 

649 

+ 6020 

+ 919 

Picric acid, C>»H» (NO<)» 0» 

229 

-140 

-66-6 

Picrate of potaHli, (NO')« 0* . 

267 I 


+ 186 

Nitric acid, NO”H .... 

63 


+ 316 

Nitrate of potash, NO'K . 


+ 97-3 

+ 926 


Quantity of Heat produced by the complete combustum of Explosive Substanoes by 
means o^ free Oxygen (water atppoaed to be gaseous). 



Equivalents 

1 equivalent 

1 gr. Bubstanoe 
explosive 


gr. 

oal. 

cal. 

Nitric ether 

91 


3367 

Nitro-glycerine 

227 


1786 

Oun cotton 

649 

873 6 

1672 

1 Picric acid 

229 

668*6 

2919 

1 Picrate of potash .... 

267 

661‘0 

2473 


This being the heat evolved by the combustion of an equivalent of the hydrocarbon 
by free oxygon, the number of equivalents of oxygen employed in the combustion, 
the heat evolved by various oxitLints will be — 


Oxide of copper, n CuO . 

„ lead, n PbO 
„ tin, n SnO T 

»SnO» y . 

„ binoxide, 2 J 

. . . 

. A-lR6n 
. A - 261 n 

. A - 86*0 n 

SbO® 

„ antimony, n — 


. A - 31*0 n 

„ mercuiy, n IlgO 


, A - 16-3 fi 

„ bismuth, BiO* 


. A- 6*6 n 

„ silver, n AgO . 

TO*Pb 

Nitrate of lead, . 

e e e 

.A — *8 » 

. A- 6*8 IS 

NO®Ag 
„ silver, n — g-® 

• • • 

. A- 1*1 n 

* , no»k 

1, potash, n ^ 

• • • 

. A- 1*9 n 

. V 010«K 

Chlorate of potadi, n — g — , 


. A — 2*6 n 


Annales des Chimie et de Physique, October 1876. 

The Tem^ature of Explosion has been determined by MM. Liiaoini and OEAlcpioir, 
who published in the Comptes Sendus the following results : — 

Priming powder for Chassepot 191 

Fulminate of mercury 200 

Chlorate of potassium 1 


“« 

Abbl’s gun-cotton pulp •••..•.• 206 
Ordinary gun cotton 220 

' Le oomiNisO siqnwefi feme dn osrbonate ds potssie. 
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Ezptosi^ 

JiSO 

*288 
296 
20G 
316 
368 
880 
315 
886 ' 

Kitro-glycerine detonates at from .... 266 to 267 

Sulphur inflames in air 246 

SpBBaroEL’s Explosives. — Dr. Spuhmqbl has recently iuth)duced a class of compounds 
which are non-explosiye during manufacture and transport. The^ are mixtures of a 
combustible and an oxidising agent, these substances being kept separate until they 
are required fur use. 

The most effective were — 

Ist. Mixture of nitric acid, sp. gr. 1*6, and any nitro compounds of the hydrocarbon 
Berios. 

2nd. A mixture of nitro-bensine or picric acid with nitric acid ; explodes witli a 
violence equal to that of nitro-glycerine. 

3rd. Porous cakes of chlorate of potassium, saturated with sulphida of carbon or 
nitro-benzene, were found to be five times as effective in open granite quarries as an 
equal weight of gunpowder — Chemical Society's Journal. (2) xi. 706. 

Bbaxn's Powder is a compound of nitro-glycerine with an explosive base and con- 
sists of nitro-glycerine 26 to 40 per cent., and a mixture of nitrate of potai;|j;i, chlorate 
of TOtash, ctmrcoal, and wood sawdust (oak or ash). The wood dust is pre^wed so 
as to render it sufficiently porous to alisorb the whole of the fluid nitro*glycerine, and 
each ingredient is flnely powdered before mixing, and on the addition of the nitro> 
glycerine becomes of the consistence of hard putty, being still sufficiently plastic to 
^low of its being pressed out to All the hole. 

It is asserted that with half the amount of nitro-glycerine used in dynamite this 
powder has been proved more powerful and can l>e detonated with a smaller amount 
of Eliminate ; at the same time, the base being itself detonated, ensures the perfect 
explosion of the whole of the nirro-glycerine. and leaves no gases when detonated in 
close galleries except the products of combustion. Miners are said to liave ropoatodly, 
but not very wisely, gone into shafts and bendings within three or four minutes after 
the explosion of some pounds of it without experieucing any ill efiuois from it either in 
head or lungs. 

It is said to be equally capable of detonation when frozen, thereby avoiding 
the dangerous necessity of thawing it — a process which has caused so many accidents 
with dynamite. 

With 40 per cent, of nitro-glycerine Brain’s powder is impervious to water, and hss 
been detonated after lying many hours in the bra of the Severn. The weaker qualities, 
with a smaller proportion of chlorate and nitro-glycerine, are for use in granite quarries, 
where it is very efficacious in making' leading cracks without broiiking up the stone 
loo much. Some of this explosive made in September 1873 had not undergone any 
change, or shown any tendency to separate or to become acid in 1877. 

Abstract of a senes of expci-iments conducted at the Wildberg mines, Prussia, by 
the superintendent, Mr. FsRDiNAim 

1. A frozen cartridge of Brain’s powder was placed between two boards, abd a 
weight of 26 lb. dropped through a space of 6 ft directly upon the cartridge. 

The second fall of the weight burst open the cartridge. 

The third fall of the weight scattered the^ contents of the cartridge over the board. 

2. Tho weight was permitted to fall direct upon frozen cartr^est without pro- 
dueing any explosion. 

8. Brain’s fnwdvt was placed on iron plates and the weight referred to freqnentlj 
dropped direct on the powder without exploding or igniting it * 

4. Frosen cortridgae of Brain’s powder were thrown 10, 20, and 26 ft. high Into 
the air, and fell on rough etones without exploding. 

6. Several oartrldges of Brain’s TOwder were thawed and put on an iron plate. 
Although the weight, by repeated fklls, flattened, burst, and scattered the eontente of 
the eartridM yet no exploeion ensued. 

6. OartridgM of Brain’s powder were borut in a close ehambfr, but prodneed 'no 
Intolerable gasee and ootnequently no headBehes. 

7. A Bassaiuui rail wae taken, to which eartridgss of dynamite, lithoftaeteir, and 
Brain’s powder, eseli Of equal weight, were in turn fastened. 


r Sulphide of antimm^R f \ 

t Chlorate of potJwlliapMta/ . * . - 

Ordinary shooting powder 

Qunpou^r (Artill^) 

Pierate of mercury, of lead, or of iron, detonate at « . . 

Torpedo picrate powder . . . . . 

Musket ditto 

Gunpowder ditto 

Bafliran, artificial ’ . . . * 

Piorio add — pi crate of potassium, of magnesium, and of ammonium 
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Tlie djntmlte cartridge wlien dAooa0B b 6 |||n|||||K 0 ii. 

The llthdiiftcteur ditto . > 

The coptridge of Baecf’e powder broke tie «il in two parte. 

8. Teeti in the mine iteelf showed Bbaut's powder to be a ^owerftil eaploeive, 
particularly in hard tough ground, whilst, from its perfect and complete detonation, 
the minew were enabled todretum to their work more speedily afier a blast, and to 
continue operations without experiencing any unpleasantness either in the chest or lungs. 

Sebaetin is the name of another modifleation of the nitro-glycerine compounds, the 
mvention of Mr. Gustap Fahmhkjulm, ot wtflckholm. 

In’ the ordinary dynamite the infusorial earth cannot keep and retain the oil 
absorbed under certain circumstances. When such a dynamite is exposed to changes 
' temperature, and especially when it has become frozen, and then passed into a pasty 
ate again, a part of the nitro-glyconno becomes separated from the e^h. The 
winger resulting therefrom is not greatly to be feared if the nilro-glycerine is absorbed 
by a charcoal of the kind used in the improved process here in question. ^ In order to 
produce a charccjal haling the required qualities, the carbonisation or coking must be 
done in such a manner as to completely destroy the organic substances, and to produce 
as porous a charcoal as possible. For this is selected, by preference, young trees or 
striplings, or branches of poplar, hozelwood, or alder tree, and they Bxe burnt in 
an open fire. When the wood has been consumed, the fire is not extinguished by 
means of water, lint left to go out of itself. In this way is obtained a verv inflammable 
and very poious dhUrconl, which can absorb more than five, and approacming six times 
its weight of lutro-glycermo, without any risk of the separation of the oil. The char- 
coal is pulverised in a wooden mortar, but it should not be reduced to too fine a 
piwdcr, else it will not so completely absorb the nitro-glyCerine. The charcoal 
produced in the ordinary way, or by closed fire, is quite different as regards absorbing 
power, ('harcual of the fir trees may, however, be u>>ed, and may acquire nearly the 
same qualities, that is, if charred a second time in a special oven. 

By mixing the different kinds of charcoal, a material may be obtained possessing 
the requir^'d absorbing qualities, and an explosive compound may then be obtained of 
^eat power uithout loss of the necessary consistency, that is, without being too 
dry, which is not dosuuble. The charcoal not only serves as the Lest absorbent for 
the nitro-glyconne, but it playi. also nn important part in tljp combustion. The nitro- 
glycerine in ex])loding docompobes into steam, carbonic tund, nitrogen, and oxygen. 
In the explosion of dynamite with inert Imse, the oxygen goes away without oeing. 
utilised, but in the explosion of this now compound (the now sebastin) a part of the 
absorbent charcoal is burnt by means of the liberated oxygen. The quantity of gas is 
thus augmented, and also the development of heat, whereby again the tension of the 
gas is augmented. As, however, the quantity of charcoal necessary for the complete 
absorption of the nitro-glycorino is, in all cases, much larger than that which can 
reduce the excess oxygon produced at the explosion into carbonic acid, a salt is added 


to the compound, which also, by the combustion, gives an excess amount of oxygen, 
which may contribute to burn the rest of the charcoal. For this purpose Mr. Gustay 
Faunkujxlm us b, by preference, nitrato of potass, which may be added 'withi ut any 
risk, and which gives the explosive componnd a very inuch greater rapidity or 
vehemence, and consequent force of explosion. 

The composition of the sebastin depends upon the objects for which it is to be 
used, and the effects intended to bo produced. The strongest compound — and even in 
this there is stated to be no risk of the separation of the nitro-glycerine —is composed 
of 78 parts by weight of nitro-glycerine, 14 of the wood charcoal, and 8 of nitrato 
of potass. When less power is required, the proportions are varied, the second 
quality cousibting of 08 per cent, by weight of nitro-glycerine, 20 of the charcoal, and 
12 of nitrate of potass. To show the relative strength of the compounds, the inventor 
says ; — Let the dynamic force of pure nitro-glycerine be represented by the number 
2 844,043 6. then the dynamic force of the sebastin No. 1, as above, will be indicated 
by 2,416,677^ and ot the sebastin No 2 by 1,933,079'4, while that of dynamite 
No. 1 (consisting of 76 per cent, of nitou-glycerine, and 26 per cent, of infusorial 
CHrth), will be represented by 1,674,694. For the above qu^ities of sebastin, the 
increased <4fect pi^uced by the greater rapidity of the explosion must bo taken into 
RoedUnt also. The increase has not yet been measured, but is estimated at 10 per 
cent. The sebastin may also compounded in other proportions of the constituent 
^ pMect being to produce explosive compqunds of the greatest fo^ 

which It is possible to employ without danger, he merely mentions that the proportion 
by weight iMy vary ftom 60 to 80 per cent, of nitro-glycerine, 16 to 86 per cent, of 
the premred oharcj^l, and 6 to 20 per cent, of |he nitrate of potans. 

XtM distinctly to be understood that Mr. FAHMiEinLM does not claim the oombiaa- 
tion of rntro-glyoerine and wood charcoal in general, but the production of a solid 
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compound of nitro-glycorine, and & irood charcoal prepared in the special mode oi 
modes set forth, the nitro-glycerinfmling the principal ingredient, which is absorbed 
the wood charcoal to the extent of more than fire, and reaching nearly six, times its 
weight, without risk of this compound parting with any of its oil as set forth ; and, 
secondly, the addition of such solidifi^ nitro-glycerine of a quality of nitrate of 
potass, or other suitable salt, not exceeding 20 per cent: of the whole mass, for the 
purpose of rendering the combustion as complete as possible. 

Acetylene of Co/jpsr.— The dangerously explosive character of acetylene copper is 
well known. Many serious accidents have occurred from its proseuce — spontaneously 
formed — on copper pipes employed for conveying illuminating gas. Sucii accidents 
have resulted from slight blows with a hammer or some other iron tool giveu by 
workmen when engaged in making repairs, &c. Another copper compound has 
recently been prepared, which, when mixed with chlorate of potash, forms an explo- 
sive, which it IS proposed to use for filling percussion caps, torpedoes, &c. The mode 
of producing this compound, or salts of cupper, is as follows : — To a solution of sul- 
phate of copper is added enough liyposulphite of soda, in solution, entirely to destroy 
the blue colour. To another portion of the blue vitriol solution, ammonia is added, 
until the blue precipitate, at first formed, dissolves to a dark-blue solution of ammonia- 
oxide of copper. The two solutions are now mixed ; and after long standing a violet - 
coloured salt crystallises out of the beautiful blue liquor. It this salt which boeoraes 
explosive when mixed with chlorate of potash. The composition of the violet -coloured 
salt above referred to, and which constitutes the now explosive, is not given by the 
authority quoted ; neither is any reference made to the proKahle cause of its explosive 
nature. It may possibly be due to the nitrogen imparted to it by the ammonia. 
— Polytechnischee Notizblatt. 

Lignoee. — A new blasting agent called *• lignose ’ has been invented by M. Tjiutz- 
soHLBB-FAUcifiMSTuiM, and made of woody fibre prepared with nilro-glycetsno. Ex- 
tensive experiments have lately been made with it in some coal-pits in Upper Silesia. 
In the Mathildo pit it has been used for several months, and is stated to have at least 
three times the force of an equal weight of block blssting powder, while its price is 
120 marks |)er cwt., as against 51 marks for powder. Tiio ItgnoKo, however, some- 
times shows irregularity in its action, and it is very sensitive to moisture. The latter 
feature must be specially unfavourable to a large introduction of the agent ; thrmgh 
it boa been found that cartridges of it explode (with a certain degree of moisture), with 
violent detonation, if placed on about 15 gr. dynamite, or if very strong percussion 
caps are used. In the Oottessegon pit the results of experiments with lignose were 
much less favourable ; and the cost, relatively to action (as compared with powder), 
was I’egarded as higher. The gases from the substance were also found prejiidirial to 
the eyes and the rospiratoiy organs. In the Florentine pit there were three accidents 
in quick succession from unexpected explosions of ‘lignose.’ The superiority of the 
substance does not therefore seem demonstrated at present. 

PantopoUit is a now and cheap variety of dynamito, {produced at Oploden, in the 
Rhine country. It contains some naphthaline dissolved in nilro-glycerine, the object 
of which is to prevent the formation of the injurious h^onitric vapours. In experi- 
ments made with it in tlie Friedrichstlial pit, the blasting action was quite good, but 
the smoke and smell were so unpleasant, producing severe pains in the head and 
chest, that the place could not be worked for long afterwards. A charge of 1 0 cent! 
metres pantopollit is reckoned equal to 30 centimetres ordinary blasting powder. 

Mataziette . — An explosive compound manufactured at Fabry in Switzerland. It 
appestrs to be of the dynamite variety, but is stated to be far more dangerous. 

Six thousand lb. of this substance, which had been seized by the French Custom 
House officers (its importation being prohibited, an attempt was made to pass it os 
artificial manure), exploded at Fort Lormont, near Pontarlier, in January last (1877), 
completely destroying the fort and killing six men. 

There are many known chemical compounds liable to spontaneous decomposition, 
and no doubt many combinations with which we are imperfectly acquaintea, which 
are of a dang^erously explosive character. Especially may be named the chloride of 
nitrogen, the iodide of nitrogen, and several other analogous compounds. Some notice 
of theee will be found in Dr. QnasincTiLUE's Monitrur Scientifique. 

Two instancee of nnexpected decomposition, accompanied with some degree of 
riolenoe, have been brought to the notice of the Soteniific American, The first 
happen^ with iodide of st^chnia: a bottle, in which some of the salt had been long 
kept, was held near the Are, to warm the glass and loosen the stopper. An explosion 
s^disnly occurred, scattering the glass and badly wounding the hand. The other 
aoeident waarelat^ by Mr. B. F. MolimrRn, at a meeting of the Alumni Aaeooiatidn 
of the New Torit College of Fharmacy. On distilling essential oil of bitter slmoods 
orer nitrate of silTtr, to tree it from prussic acid, towards the end of the operation the 
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material in the retort violently exploded, breahiog all the glass apparatus in its 
proximity but doing no further damage. Neither explosion can be very easily 
uplain^. In regard to the iodide of strychnia, it is supposed that the substitution 
compound had formed, on decomposition, some iodide of nitrogen in a somewhat 
similar manner to the production of that substance, when iodine is tr^ted with an 
excess of aftimonia. A.S to the reaction which occurred between oil of bitter almonds 
and nitrate of silver, it may be said not to be altogether extraordinaiy, as the silver 
is known to readily form explosive compounds with a number of organic substances. 
The only wonder is that no mention has l>een made of it before this time, for the 
rectification of the essential oil over nitrate of silver is not an unfrequent op^ti on. 

The following Experimental Researches on Explosive Substances, by MM. Boux 
andSABUAU, are of interest:— , , , j 

‘It had been found that a substance called alguamite, of the dynamite variety, 
might be exploded by two methoils. Simple explosion is caused by the ordinary 
ignition of the substance, and detonation by the porciiasion of a strong priming of 
iQlminate of mercury. By these two kinds of explosion, very different pressures 
nre produced, and the authors have endeavoured to measure the relative intensities 
of these pressures, by the quantities of each explosive substance respectively re- 
quired to rupture bomb-shells identical in form and dimension. They have shown 
further, from recent experiments, that this property of double explosiveness belongs 
to the greater number .of other explosives, besides alguamite. The cliarge of gun- 
powder necessary to produce rupture was 200 62 grains (13 grammes), by simple ex- 
plosion. The ratio of 13 graininos to the mpturing charge of anotlier substance is a 
mettsure of the forco of the substance, the force of gunpowder by simple explosion 
being taken as 1. The subjoined table contains the explosiA-e force, thus experi- 
mentally obtained, of various substances, together with the proportion of permanent 
gases produced by simple explosions, in percentages of the weights of the substances 
and the quantity of heat disengaged by 1 kilogramme and 1 lb. of the substance 
ill French and English units respectively. It is shown that the simple explosive 
force of gunpowder is more than quadrupled by detonation ; that the simple explosive 
force of a substance is proportional to the pro^luet of the weight of gases disen^ged 
by the heat ; and that the detonating forces for six of the substances, are nearly 
proportional to the heat disengaged. 


Results of Experiments on Explosive Substances, 



Exploeive Foroe,that 
or Gunpowder by 
elniple oxploilou 


Heat disengaged by 

Bubstauco exploded 

Relative 
Weight of 
Gases 

1 kilogramme, 
French moasore 

1 lb., BngHsh mss- 
sure 


2nd 

order 

let 

order 

2nd 

order 

let 

order 

Snd 

order 

1st 

order 

Fulminate of m« roury 
Gunpowder 
Nitro-glycerine 
Pjrroxyle . 

Picric acid 

Picrate of potass 

M 1 . baryta 

„ „ strontium . 

„ „ lead . 

Ratio 

1 00 
4-80 
300 
204 
1-82 
1*71 
130 
1*00 

Ratio 

0-28 

4*84 

10*13 

6*46 

0*60 

6*31 

0*60 

4*01 

0 94 

Per cent. 

41*4 

80*0 

86*0 

89*2 

74*0 

71*9 

62*4 

66*8 

Units 

781 

1,720 

1,006 

828 

787 

671 

687 

060 

Units 

762 

732 

1,777 

1,060 

808 

802 

706 

740 

668 

Units 

1,816 

8,097 

1,902 

1,491 

1,417 

1,208 

1,147 

990 

Units 

1,804 

1,318 

8,200 

1,909 

1,068 

i ;684 

1,270 

1,342 

1,194 


Comptes Rendus ds VAcadhnie ies l^cienoes, October 6, 1870. 


Mr. AuFRvn Nobbl read a paper before the Society of Arts On Moittm Blasting 
Ap nts. One portion of that paper was of considerable scientific importance, and we 
give it a place in these pages. 

By aid of repeated calorimetric tests, made at the Dep6t Oentral des Foudres, IMs, 
Meesrs. Roux and Sabbau have sought to determine how much heat the explosion, or 
rather^ detonation, of various fulminates produces. Thenr have thus found fbr nitro- 
glycerine 1,784, for gun-cotton 1,128, and for picrate of potash 840 units of heat, 
which, multiplied by the mechanical equivalent per unit, gives 778, 489, and 886 
mttre-tona per kilogramme of the substance, as against 870 for the best sporting 
powder, and 267 for the ordinary French mining powder, which is of a very inferior 
quality. Oomparing those figures with the heat produced by the combustion of g|un- 
powder, as fbnnd by Mr. Abu , (700 units), and taking it as 1*00, the meehanieal 
power which nitro-glycerine ie capable of performing would rank as 2*08, that of gun - 
cotton as 1*00, and piorate of potash 1*19, 
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M. BiutTKHLOT, following a difl^rent method, purely theoretical, arrive! at mueh 
lower figures for the heat produced by the combustion, and fur the amount of work it 
represents. He admits that at the veiy high temperature, which is a very general 
feature of explosive combustion, no complex chemical combination can exist, and that 
only element^ compounds, such as water vapour, carbonic oxide, and carbonic acid, 
will be formed ; so that when the chemical composition of such explosive eubetances 
is known, which are entirely converted into gas, it is easy to determine, without 
recourse to experiments, the nature of the gaseous px^idncte formed at the moment oi 
their explosion. Hence, for instance, nitrate of ammonium, of which the formula is 
NH‘NO*, would split up into N* + O'* + 

Starting from this point of view, the correctness of which certainly does not appear 
to admit of the slightest doubt, M. Bhrthmlot computes, from well-known tables, the 
beat produced by the formation of the gaseous products from their elements. He 
further calculates the units of caloric developed in the formation from its elements of 
the explosive substance to bo dealt with, and takes it for granted, of course, that ns 
much heat must be absorbed in disuniting the chemical tie as was freed in forming it. 
The heat lost in that operation ho deducts from the sum of heat produced by the 
reunion of the disconnected elements, the balance representing the heat really deve- 
loped in the explosive combustion. Thus, for each 227 grams of nitro-glycerine, 
which the explosion transforms entirely into carbonic acid, water, nitrogen, and 
oxygen, M. Bebthblot calculates the heat produced by the formation of the cnrhonic 
acid and water from the elements at 430,600 units, and the heat produced by the 
formation of the nitro-glycerine itself from its prime elements at 130,600 units, which, 
deducted from the tot^ of 430.600. loaves 300,000 units of caloric freed, or 1,320 
units per gram of nitro-glycerine exploded. 

The main drawback nf that method is the difficulty in arriving at anything like a 
fair estimate of the heat developed in the ccurse of formation of a complex organic 
compound, such as, for instance, nitro-glycerine or gun-cotton Tt is therefore 
prolmble that the figures arrived at by Messrs. Iloux and 8aubau, by direct calori- 
metric tests, are, until now, the more reli.ible. 

The author has, for the last six years, mode r<‘gubir use of another method, which 
has been of great utility to him in enabling him to draw a tolerably correct com- 
parison between the power of various detonating substances. It is based on measuring 
their ballistic power, and, though certainly open to some objections, it his the advan- 
tage of being extremely handy and sufficiently accurate for the object in view. 

A mortar test is, indeed, more reliable for comparing detouatiiig explosives than fox 
slower compounds, for, in the latter ease, the projectile may have left the mortar 
before the combustion is completed, while, in the case of fulminates, their explosive 
conversion is so rapid, that in all probability it is completed before the projectile has 
begun to move at all, thus acting upon it with the whole force of its initial tension. 
This is further confirmed by the fact that the bore of the mortar can be made far 
shorter than for testing gunpowder without any considerable falling off in tlie range of 
pr^ectioD. 

The following table (see next page) shows the results of mortar tests made with 
various detonating mixtures, the elevation of the mortar in each case being 10°; also 
the results obtained in testing the b.'illistie power of detonating gun-cotton, nitro- 
glycerine, dynamite, and various other compounds. From the figures therein con- 
tained, some important conclusions may be drawn. 

If t^e ballistic power of detonating nitro-glycerine is expressed by 100, then, 
in their comparison, weight for weight, compressed gun-cotton ranks os 7 1 ; dynamite, 
consisting ox 26 per cent, of kieselguhr and 76 per cent, of nitro-glycerine, as 72 ; 
ammonia powder as 88 ; gunpowder mixed with 20 per cent, of nitro-glycerine as 60 ; 
gun-cotton mixed with its own weight of nitro-glycerine as 83 ; Curtis and Habtht’s 
strongest blasting powder, ignited with a deionator-cap, as 26; fnlminate of mer- 
oniy as 30 ; and lithofractenr of the strongest kind (made of the ingredients specified 
in the Government licenses for that material), as 60'6. 

In this estimate no deduction has been made for the power exercised by the 
fulminate of the detonator-caps, it being the same for all preparations, except gon- 
ixitton, for which 0‘16 gram additional weight of fulminate was used. 

Interesting as it may be to compare the relative po^er of explosive snbstances, 
weight for weight, the power which they are capable of exercising, bulk for bulk, is 
of & gmtMt importance in their application to blasting. It is easily computed when 
their speetiio gravity is knoi^, wluch has been found for nitro-gfyoerine, l*fi ; for 
gun-cotton, 1*00; for dynamite No. 1, 1*66; for ammonia powder, 1'65; formtn- 
powder, 1*00; and for litnofoaeteur, 1*70, which is also the spedfle weight of dyna- 
mite No. 2, and of most nftfo^yoerine preparations containing large quantJtiee of 
metalhc ealte. 
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No.et 

Bxperi* 

BMUt 


Pasrts 

by 

Weight 

Weight of 

Charge In 
gnma 

Biatanoe thrown (shota 
S3 Itw. weight) In liuka 

insR 






Ist 

3nd 

Srd 


1 . 

1 

IJfltro-glyoeilnepaxe . 

1 Klftro-glyoerine 

1 Oompreaied gun-cotton . 


8 

8 


5 

6 

charge 

808 

SOB 

olu^ 

809 

805 

800 

890 


j PotMulnm oblonte . . 


189 







S 

OhMTOoal .... 


SO 

■ 

7 

850 

Ml 

848 

845 


1 Nitro-glyoerlne . 


SO 








1 Potassium nitrate . 


101 







4 

Charcoal .... 


17 

■ 

10 

370 

968 

881 

874 


1 Kltro-glvoerlne . 

/ Anunomum nitrate . 


35 

8M 







6 

1 Charcoal .... 


6-5 

• 

6 

299 

800 

808 

800 


( Nitro-glyoorlne 


30 







6 

Gun-oott<un compreiwod . 


— 

7 

895 

815 

390 

800 

7 

Patent guii-ootton powder 


— 

8 

391 

806 

388 

294 

8 

Vulminnte of mercury 


— 

10 

180 



186 

0 

Fulminate of mercury 
Chlorate of potnntlum 


80 \ 
30 r 

10 

200 

819 

819 

819 

10 

Gunpowder mealed . 
Nliro-glyceiine 


80 » 
90 ; 

10 

805 

898 

895 

899 


j CuRTiB and Harvkt'h extra 







11 

•{ strong blasting powder ex- 








( ploded with detonator . 


— 

80 

84] 

540 

880 

587 


Plcrate of potassium 


60 




13 

Nitrate of potassium 


80 


7 

223 

887 

889 

829 


Nitro-glycorlne . . 


10 




bodium nitrate . 


8ft 





i 


13 

Charcoal .... 
Sulphur .... 


17 

16 


10 

283 

807 

818 

801 


, Nltro-glycerlno 


80 








/ Lithofraotour ' as per Govern- 








ment lioenso 

Charcoal , . , 


6 


1 

1 





14 

Kie:.elguhr . . . 


81 




811 

205 

811 


Barium iiltrato 


15 


7 

218 


Sulphur 

• 

8 








Nltm-gljcorino 

Dynnnntp No. l.oonnistlngof- 


OS 







15 

Nitro-g]yc«rino 

Kiusclguhr . . 


75 \ 
3ft [ 

7 

300 

818 

807 

804 


When their power is compared, bulk for bulk, the various explosives rauge as 


follows : — 

Nitro-glycerine . . • , • . * .100 

Anjmouia powder 80 

Dpruamito No. 1 74 

Lithofracteur 63 

Gun-cotton 46 


CuiiTis aiid Habvxt’s blasting powder fired by detonator 1 7*6 

Inflwnoe of the Fuse on Compressed (rUfi-Cb^ton.~MM. L. Chakpion andH. Pellet 
object to the use of fulminating mercury in the powdered state, not only because it is 
dangerous in that condition, but because it cannot be conveyed separately from the 
capsule of which it is to determine the explosion. 

They made experiments with compress^ fulminate, and found that those difficulties 
were obviated ; that a charge of 2 grams in a brass capsule ^ths of a millimetre 
thick was sufficient to explode dry gun-cotton ; but if damp^ the tnickness of the tube 
must be slightly increased, as the thickness of the envelope is impuriant in deter- 
mining the explosion. 

A number of small explosions were found to be equivalent to the explosion of a 
large quantity of fhlminate. Six small fiises bound t<^ther, aud one of them ignited, 
was found sufficient to cause the remainder to explode, and to explode the gun-cotton 
in connection with them. — Comptw Bendus^ Ixxxi. 

Qwtpnwdet. — Messrs. Cubtib and Habvet have lately introduced a new gunpowder 
which they call their E. 8. M. powder. Upon this powder we have been favour^ with 
the foUowii^ remarks by Mr. G. G. Aw nnA, C.E. : — 

In pointing out the conditions upon which the merits of an explosive agent are 
found^ the use to which it is to be applied must be borne in mind. Great attention 
has been devoted to the composition and manufacture of gunpowder for use in fire- 
arms, and the proportions of the several constituent substances, now, with but slight 
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variations, generally adopted, are undoubtedly those which are the most suitable fin 
the purpose. It has been found that a comparatively slew burning powder gives a 
greater projectile force than one which burns more rapidly, while the strain upon the 
gun is much less in ^e former case than in the latter. To obtain these advantages, 
the composition of gunpowder is so proportioned as to give a large volume of gas, 
with a sufficiently slow rate of combustion. For use in laige guns, the rate of burning 
is still fhxther reduced by increasing the dimensions of the grains. 

But for blasting powder these conditions are reversed. Here the strain from which 
it is desirable to relieve the gun is alone serviceable, since, in blasting rock, the end 
proposed is to rupture the envelope. Manufacturers have not, hitherto, sufficiently 
Wue this condition in mind, and hence has arisen the wide diversity to be found in 
the composition of blasting powder. For the sake of cheapiioss, proportions have, in 
many instances, been adopted, which are certainly far irom those required to give the 
greatest rending force. But in the E. B. M powder the proportions are used which 
both theory and practice show to be those from which the maximum of that force is 
to be obtained. As a consoquonce, we have in this powder extreme rapidity of com- 
bustion, combined with the evolution of a large volume of gas and the generation of 
great heat. The quality of the charcoal used plays an important part in bringing 
about these results. The physical qualities of the powder also are those which are 
known to bo most favourable to rapid combustion. The grains are small and irregulav 
in shape, conditions which leave the largest possible surface exposed to the hented 
gases. A consideration of these facts will undoubtedly convince those who are &irailiar 
with the use of gunpowder that the E. S. M. is, for the uses to which it is intended to 
be put, greatly superior to the other kinds commonly employed. Of this superiority, 
indeed, the results of practice, as reported in the pamphlets and circulars, afford 
evidence. 


F 


VAMATimra. A mckeliferous mineral, of a reddish colour, from Corro de 
Pasco, in Peru. The composition was found to be — 

00 Sb Ah B 

4793 1274 8*88 30*45-100 

A. Fqknzki., Jahrhuch/ur Minfrahygie. 


FBBSnrCI STVFFS. Dr. A. Voblckur gives the following as the composi- 
tions of several feeding stuffi : — 



Hemp 

Oake 

Refiue 

Biaize^soke 

Sorgbum 

Seed 

Chinese Oil 
Bean-oake 

Lleblg’a 

Meat 

Powder 

Water . 



10*67 

18*46 

12*17 

8*80 

5*67 

Fat . . 



1117 

6*01 

808 

6*67 

16*20 

Albuminoids 


. 

29*66 

11*06 

7*47 

89*25 

74*62 

Extractive matter . 



18*08 

64*71 

72*44 

34 96 



Fibre . 



24 20 

4*06 

3*36 

603 



Ash . . . 



6*47 


1*49 

6*80 

4*61 

Nitrogen 

• 


478 

1*77 

1*19 

6*28 

11*77 


Hemp cake is chiefly used for adulterating linseed cake. The maise cake is 
obtained in the manufacture of Indian com flour. Meat powder is the refuse fibre 
remaining after the preparation of Libbig’s extract. 

VBATnntfl. (VqI. ii. p. 832.) There is nothing new since the pnblioation of 
the last article. The importation of feathers for beds in 1876 appears to Wo been 
large. 


From Russia 


Owt. 

Talas. 

. 

6,364 

£36,102 

„ Germany . 

. 

6,748 

88,032 

„ France 

. 

. . . 6,661 

16.746 

ti Italy 

. . 

1,782 

19,888 

„ otbw Goantriea 


3,042 

16,010 



22,437 

126,177 
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The importation of ornamental foathere has also increased. 


From Belgium . 

Lb. 

8,476 

Value. 

£15,388 

„ France . 

. 131,534 

237,518 

„ Egypt . 

26,665 

60,229 

Tripoli and Tunis . 

. . 4,041 

14,858 

„■ Morocco . . . 

4,178 

19,641 

„ Argentine Republic . 

10,968 

8,422 

„ Malta 

4,722 

0,441 

„ British South Africa 

53,092 

293,866 

„ British East Indies . 

. 27,043 

37,107 

„ other countries 

. 29,887 

26,609 


296,000 

713,199 


TBMiairTATXOir. (Vol. ii. p. 330.) The action of borax on fermentation 
has been shown by Fastkub to be of a repressive character. Vinous fermentation 
ai'pears to be entirely stopped by the addition of a small quantity of the borate of 
Bo^.—Comptes Bendus, sundry papers. 

VllX&O-MJLirOAXrBSB. Metallic manganese seems to play, in the metal> 
lurgy of iron and steel, a double part : — 

1. It reduces the oxide of iron by reason of its ^eat affinity with oxy^n. The 
application of spiogeleisen and fcrro-manganese, and their power of reduction, when 
applied to oxide of iron dissolved in a bath of steel, accoMing to the Bbssbmsb or 
Sibhfnb-Mautin process, may thus be exxdained. Steel in a state of fusion seems 
to absorb oxygen with greater case the less carbon there is mixed up with it, for if 
there be carton, carbonic oxide would be produced and the iron would not be oxidised. 
Since there was more aud more demand for the softer kind of steel, an energetic 
agent of reduction was in all the greater demand. It was, therefore, a great step 
forward to bo enabled to thus condense in a special alloy of iron and manganese the 
ferro-manganese, which proved to have the productive power that was required. 
The small quantity which it is necessary to use reduces to almost nothing the carbon, 
which is re-dissolved in the steel, and thus a stool of unexpected softness is produced. 

The use of ferro-manganeso for the production of soft steel of prime quality seems 
to have a great future. The substitution of the cast metal of extra softness for iron 
111 metallic constructions is in Eurupe almost a solved problem, and there is little 
doubt but that in America, where people are in the habit of courageously taking in 
hand ideas thus put forward, aud bringing them to a successful issue, the Old World 
may be even outstripped in the matter. 

When applied to metal less pure, and containing sulphur and phosphorus, the 
ferro-manganese shows, that the carbon and phosphorus both tend to harden the steel 
to sucli an extent, tliat their joint presence mav prevent the metal from being 
malleable, and capable of being drawn when hot, while rendering it liable to fracture 
when cold. When a 1 most all the carton is removed by applying the ferro'manganese, 
it has been found that it possessed all the malleability of phosphorus iron when 
worked in a heated state. On the other hand, the resistance to blows in the metal is 
sufficient for making good rails, provided the proportion of phosphorus is not carried 
too far, and care be taken that on rolling the metal, the ingot to be drawn be suffi- 
ciently large for making the bars. 

In producing a soft kind of steel little carburetted or altogether free thereirom, 
the great problem has been solved of transforming old materials into new rails of a 
durability which experience has not yet been able to determine with accuracy, but 
voting between 60 and 100 years for ordinary traffic use. 

It is at the same time evident that the less ferro-manganese is put into a bath, the 
greater will be the chance of obtaining a soft and decarbnretted metal. Hence the 
necessity of using a ferro-manganese in which the manganese largely preponderates. 

The unit of manganese is more costly in tke rich than in the poor mrro-manganese. 
It will become cheaper when a larger consumption shall have stimulated a mure 
perfect production. And, on the other hand, the success of being able to be sure of 
the product to he obtained, is more certainly ensured. 

The attempt has been made to substitute for the ferro-manganese, metallic man- 
ganese or cast manganese ; It has even been attempted to produce spongy manganese, 
but these experiments have ended in failure. 

The oxide of the manganese can only bs reduced with difficulty. It easily takes 
the state of proto-oxide of manganese in presence of carbon or carbonic oxide, with- 
out ^uiring a high degree of heat. But when it is attempted to remove the 
remaining oxygen and produce a metallic manganeBe, the affinhv of the carbon is not 
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ralEeient ; we must either use a degree of heat, which we hare not yet been able to 
obtain on a large scale, or we shall bare to ar^ ourselves of the affinity of man^- 
nese for some other material— iron ibr iostance. Hence the necessity of alloying 
iron with the manganese, and thus obtaining a molten product, the reduction taking 
place at the temperature at which the mingue of the ore is forcibly liquefied. 

It is useless to tiy to substitute in the place of ferro-manganese, a manganese im- 
wfectly reduced, because the admixture of silicates in the ore would have the 
vawba^ of adding to the bath of steel a substance which absorbs with avidity oxide 
of iron, and the amount of slag would bo increased by the substitute. Beyond this, 
It would be an expensive material, and uncertain in its application ; the portions 
of the metal in which the reduction has been brought about to its fhll extent being 
but few when compared with those whore the protoxide of manganese is combined 
with the earthy elements of the gangue. 

2. Another quality of manganese which rocommonde the use of rich alloys, is that 
the alloy which is formed, between the manganese and the iron, in steel, whenever 
an excess of the reducing alloy is applied, imbues it with qualities of the greatest 
importance, and hitherto but little known. In order to call forth to their fullest 
extent these qualities, it will be requisite to leave 0*8 to 1 per cent, of manganese 
in the metal, which cannot be done without ueing the very richest ferro-manganese ; 
for in default thereof we should be simply carried back to spiegoleiseu. Carbon 
would be re-incorporated with the steel, and we should be prevented from obtaining 
a soft metal on the one hand and one containing phosphorus on the other. 

Whenever steel be manganetic through an excess of rich ferro-manganese, the 
resistance to blows is increased in a striking manner. We may either allow more 
phosphorus to remain, or we may impart to a cheap material greater value in point of 
safety and durability. The conversion of old iron rails into new ones, of cast metal, 
will then cause the apprehensions to disappear which had been entertained, at<sregard8 
the future of the new metal, in comparison with steel rails of first quality. Another 
quality of these new steels is that of hardening in water, which was inapplicable to soft 
steel entirely decarburotted (whether containing phosphorus or not), is easily obtained 
once more, as though the metal were carburetted and pure. Prsctically, this is less 
important than the increase of resistance to blows, but from a theoretical point of 
view it is a curious fact. If the carbon and phosphorus replace each other for the 
hai'dening of steel, the carbon and the manganese seem to replace each other m pro* 
ducing a metal capable of hardening in water. 

For a long time past it has been an acknowledged fact, that manganese co-operated 
usefully, in puddling the better kinds of iron or puddled steel. The manganese 
causes the slag to be less adhesive ; it retards the disappearance of carbon, and admits 
on the one hand of a greater attainment of purity, and on the other of the retention of 
part of the carbon whenever iron approaching steel is to be produced. The only 
difficulty arising, is that there may be too much manganese in the metallic bath, fur 
in such an event the refining process would become a tardy and difficult one. The 
ferro-manganese allows the precise quantity of manganese to be apportioned, and it 
lias thus far given the most satisfactory results. 

Until DOW the ferro-manganese which contains upwards of 26 per cent, manganese, 
hae been imported into America from Europe, ana the question arises whether the 
ironmasters of the United States will be always dependent on the Old World, for a 
product, which seems to be destined to play a part of such importance. The use of 
a similar substHnee adds but little to the cost of a ton of steel, and labour being dear 
in the United States, it seems doubtful whether the Amerienns will be able to produce 
■teol at less cost tlian European manufacturers can do, who are familiar with this 
»ew species of metallurgy . — The Iron New York. 

It IS recommended by the German ironmasters that ferro-manganese should be 
employed ns a substitute for spiegoleison in the Bbsssmer process. 

At the Terrenoire Ironworks it is produced in the following manner : — 

The manganese liquor produced in the manufacture of bleaching powder is precipi- 
tated by means of lime ; the precipitated oxides are mixed with a necessai^ quantity 
of the purest iron ore — generally the powdered magnetic ore from Algeria, and Uie 
mixture cemented together, after the addition of 16 per cent, of pure coal dust and 
a little fluorspar, with bitumen. ^ The bricks thus formed are heated in a furnace — 
/our dormant — ^preparatoiy to their being transferred, still glowing, into a' Smnm 
furnace. The end of the operation is the reduction of the metallic oxides and their 
fusion, both operations ^uiring a very high temperature. 

The manganese and iron ores emplc^ed must be free from sand and day, and the 
hearth of the fiimace muet be formed of an agglomerate of graphite. So soon as the 
attendant notices that the masses begin to fuse, he adds a certain quantity of spiegel- 



FILTER, THE SPONGY IRON 807 

etaeiit rich in nuuiganeae* The product often contone as mndi as 66 per cent, of 
manganese.— Indtutrie Zeitmg. 

mnULTlOVt TMS &AW0 cr. M. Pattl Hatrs pubLiehed in the 
Betm$ UniverteUe da Mwa» 1874, pp. 469. 661, his inrestigations on the rabidity of 
filtration of water through sand, wool, &e., which resulted in ascertaining and 
measuring the influences which may modify the flow of water. The influences which 
are exeriM in' all cases of filtration, are, the pressure and temperature of the water, the 
thickness of the filtering medium — compression in the case of fibrous filters — the 
size of the grains and their mixture in the case of a filtering medium analogous to 
sand. The influence of obstruction, due to the dirtiness of the filter, depends on cir- 
cumstances too variable to bo taken into account. The delivery of a filter per square 
mitre per twenty-four hours is equal to 2 cubic mitres multiplied by the pressure of 
wat**p in metres, divided by the thickness of the filtering medium in metres. An 
application of this formula is made to existing filter beds, including those at South- 
wark and at the Chelsea water- works. 

The first experiments for iiscortaining the influence of a head of water on the 
deli\ ory lod to the following results : — The delivery increases in a higher ratio than 
the square root of the pressure, due to the height (Tobbicblli’s law); the delivery 
increases in direct ratio to the height of the column of water above the filter, 
admitting a preinous initial delivery, due solely to the pressure of the water above the 
filter ; the co efficient of the increase of delivery is constant, and in tho case of a filtering 
substance 8 662 in. (22 oentimHros) thick, is equal to 0'106 pint (6 centilitres) for 
sand to 0 628 pint (30 centilitres') for compressed wool, and to 0 792 pint (46 cenli- 
htros) fur wool only slightly compressed. 

The subbeqmint experiments wore made with graduated transparent glass cylinders, 
8‘28 ft. (1 mitrolhigli, with the ends perfectly level, tho filtering substances being kept 
in place by a thick doulile cloth ti<d tightly under tho bottom of tho tul>o. This 
apparatus presented no otlier obstacle to the running of the water than the layer of 
filtering substance ; it permitted experiments to bo made at all temperatures, and the 
thickness of tho filtering medium to be measured exactly. 

Ill these exporiinents sand is taken as the type of pulverulent substances; butiin 
unexpected difficulty was encountered in the settling or partial agglomeration of the 
large and small grains of tho unsifted sand, thus diminishing the delivery of water to 
one-half, ono-third, and ultimately to one-fifth of its provi us volume. This lod to 
the adoption of sand— tho grams of which were uniform in size — and to the discovery 
of the fact that, other things being equal, the resistance uf filtration is constant when 
the sand is coarse, when the grains of fine sand are nearly of equal sizq, and when 
there is but little fine sand mixed with the coarse. From experiments in filtering 
through a layer of coarse sand, approximately 4 in. (10 centimetres) thick, it was 
found that tho higher the temperature tho raoro rapid was the delivery ; and by 
filtonng through a laver of coarse sand 11 '8 in (30 centimetres) thick, the conclusion 
WHS arrived at that the temperature exerts an influence iii proportion to the thickness 
of the layer. 

rxXiTn, TBB BPOSrOT XBOW. BisCHor’s Patmt.-^ln vol. i. p. 987, 
article Copvhb, will be found some account of a process patented by Mr. Bischow 
for precipitating copper fi'om its solution by tho action of iron in a coarse powder. A 
modification of this process has been applied with much advantage in the filtration 
of water. In the copper process the iron was obtained ficom iron pyrites, by roosting 
it with coke in close vessels This iron was not found to be sufficiently pure for 
filtering water, consequently tho filtering medium is now made by reducing the iron 
scales obtained in the processes of manufacture, carefully avoiding the point of fusion. 
The peculiar properties of this spongy iron are best described by Mr. Bischof himself 
in a pa]Mr read by him before one of the seieptifle societies of Glasgow, extracts 
from which are given below. In vol. iii. p. 1100, article Purification of Water, 
will be found a description of Mr, Sfhmosb’b prooess of filtration by the use of the 
tnagnetio oxide of iron. 

* The property of metallic iion of purifying impure water has been known for a 
long time. It found that, if ships had to take in foul water, its quality materially 
improved by being kept in iron tanks for a sufficient leng^ of time. Here the 
lolling of the ship, oon^ntly renewing the oontact between iron and water, aocele* 
rates the purifying action, which on land in a state of rest is extremely slow. Dr. 
Mbplogx first proposed, in 1^67, to employ iron as a purifying medium by suspendinff, 
in a tank or reservoir containing the water to be purified, by means of iron rods 
pftMing across itk iron wire of ab(mt ^th of an inch in diameter, loosely packed in 
bundles or coils, in the proportion of about 1 lb. by weight of wire to every 100 
gallons of water. The water was to be left in contact with the iron wire for 24 to 48 
hours. 
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* Dr. Midlocx explains the action of iron, by supposing that it cooyerts the nitro 
geoous matter and ammonia present in water into nitrons and nitne acid. 

‘ One cubic foot of spongy iron, in the loose state, in which it is best suited for 
purifying water, weighs only 70 to 80 lbs.* It is tlius evident that, weight for 
weight, It must offer an incomparably greater surface to the water than iron in any 
other form. Besides, if we bear in mind certain properties of spongy platinum — its 
oxidation and oonversion of alcohol into acetic acid — the supposition is not far fetched, 
that 8ix>n^ iron may also possess properties differing from those of iron which has 
been ^ed. 

* I have experimentally investigated the following properties of spongy iron : — 

‘ 1. It decomposes water — even distilled water — which has been previously boiled. 
The decomposition of water is more energetic at an elevated temperature. 

* 2. It reduces nitric acid to ammonia. This was proved in the following manner ; — 
One of Fbbsbnius’ tubulated cylinders for washing gases was filled with spongy iron, 
and the latter washed with pure distilled water free from ammonia. Bo ammonia 
could be detected in the wash-water by the Nbsslrr resgent. Then a solution 
of saltpetre, containing 6 m. gr. of nitrogen per litre, and free from ammonia, was 
slowly filtered through tlie spongy iron at the rate of 1 volume of the fluid, equal to 
the volume of spongy iron in the filter, in 3 hours. The filtrate contained 1‘4 m. gr. 
of nitrogen per litre in the state of ammonia, or 28 per cent, of the equivalent 
quantity of nitric acid contained in the liquid. 

' 3. From the fact that organic nitrogen and albuminoid ammonia are always much 
reduced after filtration through spongy iron, the conclusion must bo drawn that 
spongy iron is capable of decomposing nitrogenous organic matter. Also the organic 
CJirbon. os will be shown by Ine analytical results on another page, is very con- 
siderably reduced by filtration through spongy iron. 

* 4. A minute, almost constant quantity of iron, about 10 m. gr. per litre, ifu<i>sSolved 
})y means of the carbonic acid contain^ in water, when filtering it through spongy 
iron, forming ferrous carbonate. The latter is very soon oxidised and precipitated, 
and it may then be so completely separated from water by mechanical filtration 
through paper or sand, or by allowing it to subside, that potassium ferricyanide no 
longer indicates a trace of it. 

'If the water coctaiiiiiig iron in solution be made to pass through a layer of finely 
divided marble, or ordinary limestone, or animal charcoal, the iron is retained at once 
as ferric-hydrate. 

* 5. The purification of water increases slightly, for some five or six hours after the 
filtration through spongy iron has been complete. 

* 6. If the iron bo prevented from dissolving by adding to the water before 
filtration a minute quantity of sodium carbonate, the purifying pOwer of spongy iron 
is considerably diminished. 

* 7. The purifying action of spongy iron on organic matter is more energetic in hot 
weatJier thaq in winter, when the temperature of the water is frequently below the 
point (6° or 8° C.) at which fermentation ceases almost completely. This appears to 
confirm my opinion that the action of spongy iron on impure water is twofold, namely, 
chemical and mechanical. The chemical action is clearly indicated by the decom- 
position of water. The readiest explanation for the decomposition of water, is the 
intimate contact between electro-positive and electro-negative bodies, such as 
metallic iron and carbon, or even metallic iron and any ferric-oxide which has 
escaped reduction, or which has been re-oxidised by exposure to air or water ; and it 
may well be supposed that, consequent to the gfdvanic current thus produced, the 
atmospheric oxygen dissolved in water is ozonised, and caused to act as a powerful 
oxidising agent on organic matter. I nm driven to this conclusion i^m the results 
of a large number of analyses made before, and after, filtration through spongy iron, 
which, notwithstanding the fisict of the redaction of nitrates and nitrites, also clearly 
indicate an oxidising action shown by the increase of nitrates after filtration. This 
increase is usually very considerable. The quantify of albuminoid ammonia, as 
already explained, is considerably reduced after filtration. There is no fixed rule for 
the increase or deonase of free ammonia before and after filtration, which appears to 
d^nd upon the predominance of certain agencies. 

* The purifying action of the iron, which is dissolved, may either consist chemically 
in the iron being reduced by agency of organic impurities, whilst in some low stats of 
oxidation to a still lower state— the organic impurities thus becoming oxidised; the 
iron thus reduced may again be oxidised either b^ means of tlie oxygen dissolved in 
water, or the oxygen resulting from the decomposition of water ; or the action of the 
dissolved iron may be either wholly or partly mechanical, consisting in a enrfiice 

' The spuegv iron at that time used to contain a considerable oxcesi of ooke. It Is now mads 
with IflM ooke, hence Its spselfle gravity has been somewhat Increased. 
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attraction of diusolved oi;ganic matter, hy the flocenlent precipitate of ferric hjdrata, 
formed by oxidation of the ferroua carbonate, eimilar to tlie action of the predpitated 
caLcinm carbonate in Clabx's eoftening proceBS, of alumina and other bodies. That 
tiie ferric hydrate has partly, at least, snob a mechanical action, becomes probable 
from the fhct if its precipitation be hurried by boiling, the purifying action is 

* There is, besides organic matter, another dangerous substance not unfrequently 
met with in water, viz. lead. 

* Water containing load in solution was filtered through one of the spongy iron 
filters. In the filtered water no trace of a colouring could be detected, and even after 
concentration to ^th of its volume, the presence of lend could not be detected. This 
result was to be expected from the well-known &ct, that lead salts are precipitated by 
metallic iron, and that spongy iron is a much more energetic precipitant than iron in 
other forms. This propertv, too, is an important and welcome addition to the 
employment of spongy iron for purifying water. 

* ICxperimenls continued for upwards of eight months have further proved that 
H[)ijngy inm is capable of considerably reducing the hardness of water, in some cases up 
to 130 per cent., whilst the softening notion of animal charcoal ceased after a fortnight.' 

With a view to having a filtering material of an entirely inorffanic nature, Mr. 
IhsciTop originiilly profiosed limestuno, in preferonce to animal charcoal, for aocelera- 
ting the precipitation of the ferrous carbonate before r<‘ferred to. Animal charcoal 
appeared objectionable, as it is well known that it is apt to undergo decomposition 
after a coitaiu variable time— not. unfrequently after even only three months’ use — 
when It aeUially contaminates the water. Practical experiments have, however, 
demr lustra tod that animal charcoal may be safely employed in combination with 
spongy trow, a fact which is readily explained by the well-known antiseptic properties 
of the ferric hydrate which is deposited within the pores of the charcoal. In refer- 
ence to this interesting phenomenon see, amongst other publications, the Hand- 
wUrterbuch dcr Chemie, vol. ii. part iii. p. 626, by L»bio, Pooqvxdorfp, and 
WoHLKH ; in fact, it is known to every one from the destructive action of rust- 
stains, which are oxides of iron, upon such highly indestructible organic bodies as 
the textile fabrics. 

The employment of animal charcoal instead of limestone offers, under these oircum- 
stnnees, several advantages. It appeain to be able to decompose certain organic 
bodies, upon which spongy iron has little or no action, and vios versd, and it retains 
free ammonia to a much greater extent than limestone. 

One of the most important questions in regard to filtering materials is, how long 
will they remain active, and when do they require renewal? Filters have been in 
use upuRrds of twelve months without changing the spongy iron. The unexpected 
result was thus arrived at, that the purifying action increases for many months after 
starting a filter, owing undoubtedly to the increased formation of ferric hydrate. 
However, as some waters contain large quantities of suspended organic and other 
impurities, and as the filtering materials are cheap and easily re-charged by the nser, 
it IS recommended fo re-charge the filter every six months.' 

The construction of the spongy iron filter has of late been very considerably improved 
by a simple and effective arrangement, which regulates the rate at which the water 
passes throi^h the filter. No other filter is provided with any such perfect arrangement. 
The water in most filters passes through at first too freely, and when the filtering 
materials become gradually choked, too slowly, or not at all. The spongy iron filter, 
on the other hand, may, practically speaking, )iy aid of the regulator, be made to filter 
with little care at always the same rate. 

The following is contained in a letter received from Professor Bischof, dated 
Glasgow, June 26, 1874: — 

* 1 finished yesterday my monthly experiment with the undermentioned filters, and 

herewith communicate the result to you, which is very remarkable, showing a distinot 
improvement in the action of the spongy iron, which beyond doubt is partially due to 
the continued formation of hydrated peroxide of iron, and partially to the warm 
weather. The animal charcou and the limestone in the spongy iron filters had been 
in use six months, the spongy iron at least twelve months. The animal charcoal 
which was employed for filtmtion spongy iron, under other like circumstances, 

had been in use three months. The carbon blo^ measured 4 in. in diameter and 
4 in. in height It hod been in use for thirteta days only, and filtered one gallon in 
nine hours. 

' Farther prsotlosl working has proved that with water ot equal quality to the average London 
water, and whan the Alter is supplied from a cistern In which the water is allowed to free itself of 
impuHties In Mupenaion by settleiueul, tho spongy iron need only be lepluoed once ui every tvnhe 
mot ths' use of Mtcr. * * •r' mj 

Vot. IV. B B 
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T^e Average Composition of Thames Water ^ before and after Filtration through 
GjMi*yy Iron, as given in the Sixth Report of the Royal Commission on Rivers 
Pollution. 
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‘ In 100.000 part* of water. 

* Tbene ooluron* rUow the percentage o( respeotlrely organic carbon, organic nitrogen, and free 
amimmla, etUl contained In the fllined water, the quantity in the unflltered water oaloolated eqdal 
to IflO. 

* Theflgnrea demonitrate that the purifying action of apongy iron, If at all altered, had been in- 
treated ae i^arde the moet Important Impui-itle* in water, ris.. nitrogenouH matter and bardneM. 





















FILTER, THE SPONGY IRON 371 

Dr. K. FfiANKLANDt in his Report to the Begistrar-QeneEal, December 31, 187A, 
says — 

« To illustrate the improvement of Thames water by domestic filtration, I have 
analysed a sample of the Grand Junction Company's water after filtration. The 
results are as follows.— 


Grand Junction^ Di-oemher 7* 



As BDppllod 

Filtered through 
Spongy Iron 
and Animal Obarooal 

Temperature in Centigrade degrees 

30 



Total sold impurity 

32 46 

10 84 

Organic carbon 

J39 

•028 

Organic iiitrogon 

•041 

•013 

Ammonia .... . . 

•002 

•130 

Nitrogen, as nitrates and nitrites 

•340 

083 

Total combined nitrogen 

•383 

203 

Proviuus sewage or animal eontamination. 



istimated .... 

3.100 

1,850 

Chlorine .... . . 

1 56 

1 57 

Total liardnoss 

23*0 

IG 1 


* T1un<^ resultB show not only the removal of all turbidity, but a reduction of total 
solid impurity from 32 to 20 pnrts, a diminution of hardness from 28 to 16S mid a 
removal of moro tlian three-fourths of tho or^nic matter. 

The lliscHOF filter is shown in section, fig. 2848, a a being the water to bo filtered, 
c the spongy iron, and i) the mixture of diarcoal and limestone, b being the purified 
water. Fig 2344 shows tho lower section, a, as separated from its case containing tha 
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Fig. 2347 sho^ the top of the (liter, a bottle to hold the lupply of water, whieh, 
when filled, is to be inTerted as shown in^. 2348 at A. 

2843 2347 



Diiusctions fou Usb. 

a. InBtructionB for starting the Filter aa delivered charged with the Filtering 
Materiala.—{\) Take out tlio paper undornoath the innor case and nndomoath the 
perfuraled lid on the top of the inner case, and attach the stop-cock at the bottom of 
the filter. (2) llemove the cap, a, screwed over mouth of regulator, and place tlie 
opening over some vessel, or sink, to rocoivc the waste water. (3) Till the filter 
and let the water run off until bright and free from taste. (4) Itoplaco the cap of 
regulator. 

b. Instructions for Filtering Wafer.^{l) Fill the spongy iron vessel with water; 
or the latter may be more conveniently bUiiplied by nn^ans of tlio bottles, n, which are 
specially constructed for the purpose to be inverted into the filter; or a constant 
supply may be had by employing a ball-cock with glass ball. (2) When Ihr yield of 
the water diminishes, unscrew the regulator cap, a ; if water runs out freely from the 
opening, the regulator must bo cleaned by passing up the tube the small brush 
suppli^ with each filter; or, if the water does not run out freely, loosen the spongy 
iron by piercing with a pointed wire or knitting pin. 

No spongy iron filter need be recharged, under ordinary circumstances, in less than 
about twelve months. The filter should be kept constantly full. Draw off filtered 
water dally. The more the filter is used, the brighter will be the filtered water. 

c. Instructions for Re-charging the Filter.— {\) Empty and wash the cases. (2) Fill 
the prepared sand into the outer cose. (3) Place the inner case into a filter, fill with 
water up to the rim on which the perforated cover rests, and charge with spongy iron. 
(4) Wash the filter. 

Since this article was written, animal charcoal has been abandoned, and the follow- 
ing notice issued : — 

*The property, which animal charcoal possossos in a high degree, of favouring the 
growth of the low forms of organic life is a serious drawback to its use as a filtering 
medium for potable waters.’ — Sixth Report of the Royal Commission on Rivers Pollu- 
tion, p. 220. 

* In consequence of this startling statement, emanating from the highest authority 
in the kingdom, the Spunqt Ibom W'atbb Purifyino CoxPAifT, acting under the 
guidance of Professor G. Bischof, have directed their attention to discovering the 
best moans of replacing the animal charcoal hitherto used in their filters in connec- 
tion with spongy iron, by an inorganic substance, which is free from the grave objec- 
tion quoted al^ve. Tbe^ feel much satisfaction in informing their customers uat 
they Lave succeeded in discovering such a substitute, and that in future, unless other- 
wise desired, their filters will bo supplied charged with spongy (metallic) iron and a 
prepared sand. The latter is a mixture of carofully selected and washed sand, and 
of pyrolusite, a mineral char^^ highly with oxygen, which it is capable of transfer- 
ring largely to varions impurities occurring in water, thus rendering them harmless, 
l^rolnnte is also Im itse^ a valuable purifying medium for water. The other con- 
stituent of pyrolusite, manganese, occurs in the celebrated waters of Spa and I^r- 
mont.’ 

The production of a brick which shall resist the action of a 
veij high temperature is a matter of considerable difficulty. The qaestions involved 
have not yet received a satisfactoi^ answer. It is quite certain that we cannot in all 
casee depend upon the refractory property of any natural clay. Even fire-days 
having ue same chemical composition are found to act differently under slightly 
different conditions. This proves that the physical characteristics of a brick are 
nearly, if not quite, os important as its chemical composition. 

In discussing a refractory material in a given lenity, there is to be taken into 
account — first, the day and other materials to be hud ; second, the ore or metal to be 
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treated ; third, the fhel to be osed ; and fourth, the foreign enbetances in the gongue 
of the ore or metal. Whether to use one clay, or a mixture of calcined or raw clay, 
muet be determined by direct experiment, and then the eiae of the gnine of the mix- 
ture for the given use muet be determined, for each eubstance ie more or less refrac- 
toiy, according ae it is coarse or fine. Thus, in Belgium, a porous material with a 
large grain is used for blast-furnace bricks, but a fine material with a close grain for 
coke furnace bricks, the chemical composition being the same in both cases. It must 
then be ascertained whether the mixture contracts or expands, for there are clays 
that contract or expand in a variety of degrees between one-thirty-second and one- 
eighth. It is not sufficient to have a good material, fur almost as much depends on 
its manipulation as ou the material itself. To temper properly, lon^ exposure to the 
action of the air is often necessary, and where artilicial heat is required, the clay and 
the manufactured article should both be dried gradually and uniformly. It must be 
fired evenly, and the temperature slowly raised to the proper point. If it is to he 
uMed 08 ganisters, it muat be equally moist throughout, so as to dry uniformly, and 
not so wet as to cause it to cracx in drying, or so dry as to prevent its binding. The 
I'riek, once made, should be kept from dampness, as it is porous, and likely to absorb 
moisture. The bricks should be heated before being used in the furnace, and put in 
as hot ns it is possible to handle them. If the furnace is in blast, this rule has a 
special force. If it is to be put in blast at once, especially with silica bricks, the tern- 
}>erature should be an high as the hand can boar. If the fiirnace is to be a long time 
standing, this precaution is not necessary, but in the two last cases the furnace must 
be dried very carefully and slowly. No brick which has been dressed should ever 
have thi‘ dressed face exposed to the fiamo. Without the observation of those pre- 
cautions, a really good brick may have a very bad result. It is too much the habit 
to be in a hurry to get results, and this has led some blast-furnace managers to boast 
that steam was issuing from the top of their furnace while cast iron was being tapped 
from the bottom ; but under such management we never hear of long endurance. 

It is well known that the alkalies tend to make a brick fusible, but there is con- 
siderable dilFercuce of opinion as to the quantity of alkali which must be present in 
the clay to destroy its fire-resisting property. Mr. Smelps states positively that 
1 per cent, of alkalies in an otherwise good material makes it too fusible to withstand 
high temperatures. Mr. Biley states that he has found bricks containing 2'73 of 
potash to resist the greatest heat of a Sthmkns- Martin furnace. It is probable that 
in the special cases alluded to, the peculiarities were owing to the physical condition 
and mechanical association of elements. 

Lime alone is comphtoly infusible; but small quantities in a clay make a brick 
fusible at high temper.it iiros. One pur cent, of it, with silica, is stated to make the 
most infusible brick known. Magnesia, in small quantities, makes the clay fusible. 
In very large quantities it is very rofractoiy. 

Bischoff has found that 20 per cent, of magnesia, 28 of lime, 47 1 of potash, or 40 
per cent, of iron, had exactly the same elTect in making the clays fusible, and that 
when 4 and 2 of the difforont bases wore US'*!!, the relation was striking, and in about 
the same order. The quantity of other substances necessary to make a fire-clay 
fusible depends upon the quantity of silica present. While the predominance of any 
one element will materially affect the nature of the materials, the way in which the 
different ingredients are grouped together affects the nature of the brick more directly 
than its composition, and frequently the mechanical and molecular arrangement of the 
particles determines its value more especially than its chemical character. 

Oxide of iron, in the absence of alkalies, may be present in small quantities with- 
out seriously affecting a firo-clay, unless the bricks made of it are to be used for 
melting steel. If aU^ios are present, any proportion of iron would render such a 
clay worthless. If no silica at all is present, 6 or 6 per cent, of oxido of iron may 
not damage it In a silica brick, 2 to 3 per cent of oxide of iron makes the brick 
Worthless. If the iron was always certmu to remain in the state of a sesquioxide, 
a large percentage would do no ii^'ury ; but some of the sesquioxide is certain to 
become i^uced to protoxide in the presence of reducing gases, and the result is a very 
fusible compound in the presence of silica. 

There is another deleterious effect of iron in fire-brick : its deoxidation is produced, 
not at a high heat, but at a comparatively low one. 

The good qualities of a fire-bnek arc — (1) uniformity ; (2) regularity ^ shape, aqd 
the power to retain it under all circumstances, which involves perfect unity of compo- 
sition : (3) strength to resist the different pressures required under difibrent circum- 
stances. No material yet manufactured fulfils all these condiUons ; but there seems 
to be no reason why a material should not be made which will fulfil most of them. 
The metalluTgical world is nearly agreed that the rofractoiy material of the future 
must be mode artificially, and t^t it is hopeless to look for it among natural pro- 
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ducti. Henco wo find that the bricke which are made from tho waste materiab of 
the china clay works possess advantages of their own. No brick can come np to the 
required standard of infiisibility which contains 6 jper cent of iron, or 8 per cent of 
alkalies or alkaline earths. The most infhsible bnck known, which in the roof of a 
BiKnHNS-MAnTiN furnace will resist the intense heat during 260 charges, and ^en 
wear out by abrasion, when brought in contact with metals, oxides, and alkalies in a 
spiegeleisen cupola, will not stand twenty-five heats. Different fornaoes, and different 
arts of thn same furnace, must, therefore, be treated differently. If silica makes the 
est roof, it makes the worst hearth. Alumina, when present in voiy large quanti- 
ties, oven in tho presence of a small amount of silica, makes compounds which are 
almost infhsible, so that it should be used for the fire bridges and hearths, and not 
put into the roof, where its tendency to contract would endanger the structure of the 
furnace. 

Too little attention has been given to tho abrasive power of coal-dust and ashes 
carried by the draft, in ^adually cutting and fluxing away tho parts of a furnace 
exposed to its action, and many qualities of brick which are ordinarily infusible owe 
their small power of resistance to the mechanical erosion of the dust of the fuel used. 
A brick to be exposed to such action should always be tried by placing it on the 
bridge of tho fiirnace whore it is to be used. The destructive e^cts of this agency 
seem to be even greater than those of long-continued heat. 

A good fire-brick should not only resist high temperatures, but withstand any 
Buddeu chauges of temperature without alteration, such as crushing, splitting, &c., 
and it should not undergo any change of form under tho influence of the greatest heat. 
In general, it may be said that bri^s which have undergone a very high temperature 
in tho manufacture are less likely to contract afterwards. Shrinkage is generally due 
to insufficient burning, and generally occurs in aluminous bricks. Silicious ^oks 
have, on the contrary, a tendency to expand under the influence of intense heat. In 
the steel furnaces where fire-bricks are used, provision must be made for slackening 
the tie rods when the fire is being raised, and tightening them when it is being 
cooled. 

The crashing weight of a good ordinary fire-brick, cold, is from 600 to 1,000 lb., but 
some of the best have been known to resist as much as 3,000 lb. to tho square inch. 
To ensure the safety of a blast furnace and tho success of tho process of smelting iron, 
the bricks of which it is built should not only retain their power of resistance, but 
should not undergo any change of form or softon materially under long-continued 
heat, and at the liighost possible temperature should support moro than double tho 
strain required without attention. In the walls of the fire-place thc^e bricks will be 
best which are dense, and contain an excess of silica. In the hearth they should 
contain an excess of alumina. In the arch they should be nearly pure silica, alumina, 
or magnesia. Splintering takes place when silicate bricks are made of impure mix- 
tures, and from imperfect burning. Dricks which are liable to splinter are gonoially 
cross-grained and dense, with a smooth conchoidal fracture. 

The conclusions to which experiment and experience have led us, are that a brick 
which is good for the cupola would be worthless for the revorl)eratoiy furuace ; that 
which answers well for iron would generally be worthloss for zinc, and a crucible 
which is excellent for steel cannot be used for brass. All investigations appear to 
show that we should look for artificial, and not for natural compounds, if we nope to 
secure fire-bricks suited for all tho different processes for which they are employed, 
and that when we have mode n mixture which answers it well, we are then to analyse 
and examine it in order to reproduce it. Failure in this special purpose is very oixen 
owing to the wrong application of good materials, rather than tho fault in the 
materials themselves. 

FIBpBSt OOliOinftBlI. Green, red, violet. 8oe Ptbotecunt. 

FZiAX. (Vol. ii. p. 404.) We supplement that elaborate article by giving the 
importations of the last two years. 

Imported in 1875. 

Drceeed 

From Russia .... 

• „ Germany .... 

„ Holland .... 

„ Belgium .... 

„ France .... 

„ other Countrifs 


Cwt. £ 

4,207 21,304 

. 0,742 26.808 

. 4,874 19,847 

27,810 187.782 

4,181 14,648 

717 1,678 


51,400 


222,012 
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Roughtd or Undruani, 


From Bussia . • 



Owt. 

• 962,089 

£ 

2,176,199 

„ Germany . 



. 80,078 

155,201 

„ Holland . 



• 153,980 

008,607 

798,072 

„ .Belgium . 



. 200,988 

„ France • • 



. 8,778 

. 7,442 

19,602 

„ other Countries 



14,860 

From Bussia 

1,413,245 

Thw or Codilla of 

Owb. 

. 235,688 

3,662,061 

£ 

431,856 

„ Germany . 

, 

, 

. 8,040 

14,886 

„ Holland . 


, 

. 16,642 

27.648 

„ Belgium . 


, 

. 47,564 

60,084 

„ other Countries 


• 

1,371 

1.764 


809,205 027,883 


The importations of 1676 were ae follows: — 

Flax^Dresaed, Undresaedt attd 7hw or CodUla of. 


From Bussia . • 

Owt. 

. 1,017,899 

£ 

2,330,688 

„ Germany . 

43,271 

06,312 

„ Holland . 

. . . 98,889 

. . . 281,414 

278,600 

„ Belgium . . 

700,822 

„ other Countries 

. . . 13,186 

23,021 


1,404,661 

3,687,448 


TIOMT, (Vol. ii. p. 457.) The process described in the volnme referred to is 
that adopted iu a French manufactory. The following is fhrnished by a gentleman 
well acquainted with the processes as carried on at Brandon : — 

Flint has been roluable fri>m the earliest times as a 'fire-stone/ and was dug for 
this purpose and fashiunod into conrenient shaped pieces called ' strike-a-lights,’ The 
present writer has shown that in this strike -ar light manufacture we have the con- 
necting link between ^u-flints on the one hand and the neolithic, or newer etone- 
age, on the other. The strike-a-lights used before the introduction of metal are 
identical with those made eyen at the present day at Brandon, in Soffblk. The intro- 
duction of the flint dock gun g^ve a fresh impetus to the flint trade, and the same 
writer has shown that the earliest gun-flints were merely small strike-a-lights. 

The only place where, with reiy trifling exceptions, gun-flints are now manufactured 
is at Brandon, from which place about 80,000 are still sent away weekly. 

The flints are dug in the neighbourhood of the town at Lingheath, but they haTO 
been obtained from many other places in the vicinity, and old pits dating from the 
stone-age are still traceable, and have been explored. The present writer has shown 
that the method of mining and the tools used are merely improvements upon the stone- 
age methods. Five beds of flint are found, named respectively homa, toppinga, upper- 
cruata, waU-atonet and fhor-stone, each of which pNOSsesses distinctive features, the last 
snd lowest being the bed which yields the best flint. Each workman, called a stone- 
digger, sinks his own pit down to the floor-stone, leaving stages at every 4 ft. The pits 
are sometimes 40 ft. in depth. The workman then drives a gallery, called a burrow^ 
underneath. the stone, which he quarries down with a one-sid^ pick. All the chalk 
and stone are carried to the surface by hand. The length of this flrst burrow is about 
0 yards, the width 2 yards, and the height about 2 ft. 6 in. At the frrther end the 
digger clears away a semicircular space called a draw, about 8 yards each way. A 
side-burrow is then driven curvilinearly from near the beeinning of the main-burrow, 
so as to catch the end of the draw. Halfway down the side-bnrrow a dratoing-burrow 
is carried into the main-burrow, and the intermediate apace cleared out. Similar 
side- and drawing-burrows are then made from the other tide of the main burrdw. 
Another maiu-barrow is then driven at right angles to the former one, which, with 
its dependents, serves at a receptacle for the chalk. The whole procMS is then r^ 
peate^ and in this manner the pit is worked all round. This peculiar process it 
only a dsvelopment of the neolithic mode of working ; just as the pick is only an iron 
eory of the diUr antler tool used by the old people. 

The stone is oarrisd daily to the pit’s mouth, stacked in heaps, and eoTsred with 
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boughs to protect it from the weather, a slight exposure to whicli would render the 
flints unfit for the flint-knapper's use. The flint is sold by the ono-hurso load, called 
ftiKl carted to the knappers’ shops. 

An average jag of good flint was found by the writer to yield only 13 mr cent, in 
gun-flints. It weighed about 18 cwt and yielded 10,850 gun-flints, besides this 
there were 270 building stones, which made the gross waste 53 percent, of the irhole. 

The best stone has a thin hard coat on the upper surface, and a thick soft coat on 
the lower one : it should be quite black, homogeneous, and without flaws. These 
qualities can only be depended upon in floor-stone, and this was known as well to the 
prehistoric workers as to those of the present day. 

The stone is ready for knapping as soon as it is dry. The knapper, sitting npon a 
three-legged stool, and wearing a leather apron, and .i pad of leatlier called the Ames- 
pieee, upon his left thigh, takes a block of stone, which weighs from ^ cwt. to 3 cwt., 
rests it upon his knee-pieco, and taps its upper coat with a heavy iron hammer. By 
the sound ho tells whether the flint is sound, whotlier it is of good texture, whether 
the coat is single or double, and at what point and with what force he must strike it 
to split it straight across. A blow is then struck from the elbow and the flint breaks. 
In this way the stone is reduced into convenient sized angular pieces called quarters, 
the process being caWeA ^larUring. The quarters average about 6 in. cube. 

The next and most difficult process \e flaking, or the driving off of flakes at a single 
blow, of a given width and thickness, with two ril>s running down them. In this riie 
Brandon knappers excel the prehistoric workmen, but the process is so delicate that 
few attain to ^eat proficiency ; some indeed are never able to flake profitably. The 
tool at present in use is a square steel hammer tapering at both ends to a small face, 
and fitted with a thin handle. The size varies according to the size of the quarter. 
With a hammer of a given weight there is a maximum length and thickness of flake 
which cannot bo exceeded. For each fiake there rtre — (1) a certain spot upon whi(^. the 
blow must fall, (2) a certain angle at which the hammer must strike, and (3) a certain 
weight of blow. Miscalculation in any one of these tilings results in an imperfect 
fiake, and though every flake struck requires this calculation, so skilful are the best 
Brandon workmen that the writer has seen them work for hours without a failure, 
and 80 rapidly, that the sound of the flake falling into the tub, into which it is thrown, 
is heard simdltjineously with that of the blow which dislodges the succeeding flake. 
A good flaker will make from 7,000 to 10,000 flakes per day of 12 hours. The flaker 
sits on tlie same stool on which tlie stone is quartered, rests the quarter against the 
knee-piece, so that a corner touches his knee and a flat face faces his right hand. The 
Mow is given from the elbow, and the force isgenerally mernly the momentum acquired 
by the hammer in falling from 3 to 6 in. It must so fall that only one-half of the 
hammer face strikes the stone, and a flake is driven off the length of the quarter. The 
first flake evidently has only one rib (the corner of the quarter) running down it. A 
flat surface is thus left. The next blow is given a little to the loft, and the flake flies 
off with two ribs. This process is continued until the quarter is too small to yield 
good flakes. The resulting piece, known as a core, is then slightly trimmed, and 
forms a building stone or builder. The flakes and waste arc thrown into small tubs, 
arranged about the flaker according to their quality. Prior to the introduction of the 
square-faced bimmer an oval hammer was used. This is still in use for rough pur- 
poses, and is called the English hammer to distinguish it from the other, which was 
lotroduoud from France, The English hammer is exactly like the stone-age flaker. 
All flaking hammers have a very small * eye ’ for the insertion of the handle, the 
object being to attain the maximum of weight with the minimum of size. The handle 
is, consequently, too slender to be used in striking heavy blows ; but this is of no 
importance, since flaking is performed by a very slight blow. The stone-flakiug 
hammers have precisely similar eyes. 

The next process is the fashioning of gun-flints from the flakes, and is called knap’ 
ping. K naming is performed upon a block made from the bole of an elm tree, 
about 2 ft. high and 8 ft. in diameter. In this is inserted an iron stake, having 
a flat edge upon which the flake is rested. The stake is fixed into the block by tri- 
angular strips of leather, but it does not reacli the wood beneath. The knapping 
hammer is a light square-edged tool made from an old 6-iu. flat file. The fli^o is 
laid back downwards on the stake at a certain angle, and then struck souarely with 
the hammer, the blow being slight, reljounding, and delivered entirely tlie wrist. 
The blow cuts the flake across, leaving a square edge sloping towards the back. The 
flake is then turned in a direction opposite to that of the Imnds of a watch, and the 
side of the flake trimmed square. Again turning in the same direction, the flake is 
once more cut across, and the other side is then trimmed, thus completing the gun- 
fimt. The cut sides of the flake form the sides, and the edges of the flake the edga 
and heel of the gun -flint. Ho rapidly ia this action performed, that an average work- 
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man will knap 8,000 gun-flints in tureWe hours. Two or threo flints of different sises 
are generally made from a single flake. At present only ten kinds of gun-flints are 
made, namely second, common and grey muskets, second carbines, second and common 
horse’ piftols, second singles, and second doubles ; but before the introduction of per- 
cussion caps 32 different sorts were in use. The gun-flinte are made entirely without 
measureipont, and the skill with which they are made is very remarkable. The 
French knapping-hammer is a steel disc known as a roulette, but it is never used in 
England. About 80,000 gun-flints are sent away from Brandon eveiy week, their 
ultimate destination being Russia, West Africa, and South America. 

There can be little doubt that the Brandon industry is a lineal descendant of the 
newer stone-age, as is shown by the following facts: fl) the peculiar method of 
mining is the same, (2) the pick is a metal copy of the old deer-horn pick, (8) the 
flaking-hammers are like the old stone tools, (4) some of the strike-a-lights now 
maniifacturod are precisely like the ancient tools known as ‘scrapers.’ The modem 
guu-tiint is directly derived from the striko-a-light. and series of specimens can be 
formed showing the gradual change of tlie one into thp other. 

Since the discoveries of the flint implements of the ‘ Older Stone Age,' vol ii. p. 460, 
the question of the contemporaneity of man with the extinct animals hat been abun- 
dantly proved, more especially by the discovery of drawings of those animals upon 
their' own bones in one English and several French caves. The opinion it also 
g lining ground that these palaeolithic men were driven from our land by the advent 
of ice during the glacial period. Many facts point in this direction, and Mr. Baw 
Im^. tried to show that the implement-boaring beds of Hnxne underlie glacial clay. 
Mr. R. II. Tjoheman has found a human bone beneath glacial clay in the Victoria 
("ave at Sctile, M. Ruthmeter has fouud basket-work in the inter-glacial lignites ol 
Switserland, Prof. Whitney has discovered human bones beneath glacial deposits in 
California, the writer has found implements in brick-earths older than the C^Iky 
Boulder Olay, near Brandon, and Mr. Punoellt has shown the great probability of 
the oldest tools in Kent’s Cavern being pre-glacial. 

The manufacture is still carried on to a limited extent at Brandon, in Suffolk ; about 
80,000 gun-flinte are sect away weekly. In 1876 there wore 21 workmen engaged in 
flint-working at Brandon. An elaborately illustrated work unon the suUeet is in 
preparation ; it will form one of the Memoirs of the Qedogical /Sarvey. — S. B. J. B. 

I’SbVOUUIClurMril is one of the derivatives of resorein. See Rxsobsin. If 
r^soroin is hcHtod to lOd’’ 0. with anhydrous phthalic acid we obtain fluoresceiue. 
It orystalliflos from alcohol in small deep brown crystals. With ammonia it yields a 
rod solution, which, even when very dilute, displays a magnifleent green fluorescence. 

Fluoresceine dyes wool and silk a fine yellow without a mordant. — Cbooxics’s Hand- 
hook on Dyeing. 



1 

8 


— 

4 

Mean 

SiO» 



•08 

___ 



nisiiii 

•08 

A1*0' . 



•66 

•65 

— 

— 

•66 

FeO> . 



67*43 

67-60 

67*32 

67-42 

67-A2 

FoO , 



16-68 

16-62 

— 

— 

16-65 

ZnO 



6-79 

6-81 

6-76 

6-76 

6-78 

MuO . 



9-71 

9-47 

9’61 

9-44 

0-63 




100-81 

100-16 

09 97 

99-90 

10012 


This gives from the mean of the four analyses : — 


Ab* . 



Metals 

*35 

Fe> . 



. 47-19 

Fe 


, , 

. 12-17 

Zn 



. 6-44 

Mn 


. 

. 7*38 


Oxygen 

1- 84 ^ 6-97 

2- 16 J 


The results of these analyses give in both cases a ratio very nearly cGrresponding 
to that of spinel, notwithstanding the neat differences in the relative amounts of iron, 
line, an d ma n ganese . — The Amerioau Journal of Science and Arte, September 1876. 

nUMinKUmTai (See vol. ii. p. 486.) The following analvses of Franklinite 
are by Ur. Gbobob B. Seyms, and were made in the Bheffleld Laboratory, Yule 
College, T7.S. 

The experiments were made to determine whether the variations in the amount of 
iron in the ore supported its relation to the spinel group. The first experimenta 
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woFft nade on perfectly formed erystale in a matrix of limestone from Mine Hill, 
Sussex County, New Jersey, U.S. The analyses gave results which may be best ex- 
pressed as foUowB 



1 

9 

Mean 

8iO» . 


•17 

•17 

17 

Fe»0» . 


63‘42 

68 88 

6340 

Mn“0« 


4*44 

4*44 

4*44 

MnO . 


10*39 

1063 

10*46 

ZnO . 


2311 

23*12 

23 11 



101*58 

101*64 

101*68 


The relations of the metals to the oxygen, taking the mean of the two analyses, are 
given in the subjoined statement : — 


20 37 



Metals 

Oxygen 

Fe« . 

. 44 38 

19 02\ 

Mn* . 

. 8*09 

1 35/ 

Mn 

. 8*10 

2*36 1 

Zn 

. . . 18*56 

4-66/ 


i‘02 


The following analyses were made on a sample taken from an aggregation of im- 
perfect crystals from Sterling Hill, New Jersey. While the crystals in the former 
case were but feebly magnetic, these wore strongly so, though tiiey showed no signs 
of magnetite as an admixture. 

rSAT-BBirTOB aVAirO. See Guano, Foat-Buntos. 

■■BBazxvo. See vol. ii p. 486, the article FasaziNO, in which a table forfrigorific 
mixtures has been given. 

M. Wnv. has stated to the Aeadkmie dea Sciences that by a mixture in equal pro- 
portions of snow and hydrochloric acid, previously cooled to — 1 8® Gent., a degree of cold 
may bo produced by which mercury may bo readily frozen. See RsFRiGBHAToas. 

FBZaDB&ZTB. A hydrated silicate of oxide of manganese. It is translucent, 
and in thin layers transpaivnt, exhibits powerful double refraction with a negative 
axis, colour rose-carmine, hardness 4*76, density 3*07. It consists of — 


Silica 30*12 

Oxide of mangHnese 63*05 

Magnesia and lime 2*96 

Water 7*87 


It is found in the Pyrenoos. — E, BxRTRAin), Ctmpfea Bendtts, Ixxxii. 

FVOBBXirB, BBTBCTZOB OF, ZB WZBBB. See Winks. 

FUBB. {Cojidmatible, French ; Das Jircnnmateriai, German.) Professor H. Fritz, 
of Zurich, has given the following table, showing the difference between the theo- 
retical and effective heating power of various kinds of fuel. The table gives the 
uumber of pounds of water evaporated by one pound of fuel : — 


Heating Pov^er. 


Fu •! 

Tbcorotloal 

In Steam Doilen 

In Open Boilen 

Petroleum .... 

16*30 

10-14 


Anthracite .... 

12*46 

— 


Coal 

11-61 

6*2-8 

6-2 

Charcoal 

10-77 

6-6*76 

8-7 

Coke 

9^10-8 

6-8 

— 

Brown coal .... 

7*7 

22-6-6 

1-6-2-8 

Peat 

6-6-7'4 

2-6-6 

1 -7-2-3 

Wood 

4 3-6 6 

2*6-3*76 

1-86-21 

Straw 

80 

1*86-1-92 



A series of experiments convinced Mr. Thoupsun that, on the average, only 47 per 
eent. of the theoretical heating power of the fuel is utilised, the 63 per cent, being 
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lost tbrcNigli imporfeot eombuation, radiation, and other cauiea. — Journal of Appli^ 
Scieneo, Auguet 1, 1876 ; Journal if Franklin InaiituUt September 1876. 

ytfax, The fbllowing deeeription of the LoiasaTj Pjussrd Fubl 

CoMrAKT’s works at Port Kichmond will be found to be of considerable interest. 

Tlie grounds on which are erected the works of the Loisbav Pbjbsskd Fubl Cuicfany 
belong to the Fuiladblphia and Headino Kailboad Company, and have been leased 
for years. All the coal dust made at the wharves at Port Richmond during the same 
nurnber of years has been secured by contract. When the works are started, if the 
supply at Port Ki<^moud is not sufficient, additional quantities, as required, will be 
shipped from the coal regions. 

Tne proi)erty consists of two lots, each 200 ft. by 276 ft., divided by Neff Street, 
having n front of 400 ft. on Bath Street, E., and 276 on Liudon Street, N^ and on 
Toronto Street, 8. The buildings are erected at the S.W. comer of Bath and Lin- 
dt 11 . Thoir length on Bath Street is 128 ft., and on Linden 276 fk They are seven 
in number. 

1. Olay house, a frame building, one story, 76 ft. long, 22 ft. wide. 2. Engine and 
boih T house, two-story brick construction, 53 ft. long, 20 ft. wide. 8. Press building, 
two story frame building, 51 ft. long, 40 ft. wide. 4. Drying oven, brick construc- 
tion, 86 ft. long. 14 ft. wide, 26 ft. high, covered with a substantial shed, 108 ft. long, 
38 fl. wide, 40 ft. high. 5. Waterproofing building, two-story brick, 40 ft. long, 40 ft. 
wide. 6. Coal pockets, frame construction, 100 It. long, 16 ft. wide, 160 tons capacity. 
7. Office, two-story frame, 26 ft long, 14 ft. wide. 

A quantity nf 12,000 tons of coal dust is on hand, covering almost a whole square. 
Fruin tlie piVi of coal dust starts a double railroad track, loading to the foot of an 
inclined plane 100 ft. long. Plane track switches and curves, consists of sections of 
Pbtkleu portable railroad track. The coal dust is hoisted, inside dumping carts, into 
the press building, and dumped on a covered platform, under which is a wire cloth 
sieve or soroeu, one inch mesh. This screen receives from the hoisting engine a rapid 
to-Hiid-fro motion, and screens the coal, delivering the dust under a chain elevator, 
which raises and discharges the said dust into a coal bin, having a capacity of fivp 
tons, 'i'he largo lumps of coal are removed from the screen and thrown into a small 
chute, through which it is discharged in the boiler house. 

Alongside of the inclined plane is the clay house, fronting 76 ft. on Bath Street. 
The ca})ucity for storing is 300 tons. The clay is dried in a kind of core oven, and 
liy moans ol a platform ulevabor is takon to a largo room, forming the second story of 
the engine and boiler house, n brick construction, 618 ft. lon^ and 20 ft. wide. In 
this room the clay is ground by one of Bauuh’b grinding mills, and delivered in a 
powdered statu into a small clay pocket, alongside of the coal dnst pocket previously 
described. In the same room is an iron tank, 6 ft. high and 6 ft. in diameter, in 
which is prepar^'d a composition of lime, rye flour, and water, which, in a liquid state, 
IN discharged into a wooden reservoir or tank placed under the coal dust and clay 
pockets. In frout of these pockets is placed a very ingenious machine, by means of 
which 05 per cent, of coal and 5 per cent, of clay are continually and mechanically 
iskon out of thoir rospeotivo pockets and deliverea under a chain elevator and there 
sprinkled through a perforated pipe with the liquid from the wooden reservoir. All 
the materials which are to make the lump of fuel are bore brought mechanically 
together, and are taken up by the chain elevator, which carries them up and discharges 
the whole into a mixing machine. This machine has a capacity of six tons, and it 
delivers through two openings at the bottom, rejE^lated by hand wheels, the materials 
on a leather belt 3 fl. wide, which carries and discharges them into the hopper of the 
press, between two rollers, on the face of which are milled out semi-oval cavities, con- 
nected by small channels. These am the moulding rollers, and the materials passing 
lietweeu them are compressed and moulded in the shape of eggs, and delivered in 
shape on an endless wire-cloth bolt, which enters the drying oven on top. In this 
oven, which is a brick construction, 86 ft, long, 14 ft. wide, and 26 ft. high, there are 
five endless wire-cloth belts, geor^ together, and travelling in opposite directions. 
This oven is heated by a fire placed at each end to from 260° to 800° Fahr. The 
coal enters, as said before, on the upper belt, coming from under the press, travels 
five times in succession the entire len^ of the oven, at the speed of twelve feet in one 
minute, falling ftom one belt to another, and finally comes ont perfectly dry on the 
lower wire cloth belt, which eutern the waterproofing building. 

In this building the lumps of coal are discharge into a tank containing a certain 
liquid eomwsed of candle gum dissolved in mmde bensine. In the same tank, and 
guided on both sides by a curved groove, travels a wire cloth belt on which the lumps 
are discharged from the lower belt coming from the oven. The lumps are thus 
immersed mechanically into the waterproofing liquid, while the belt desenbes a curve 
into the tank, and the same lumps are then oarri^, waterproofed, into the evapMating 
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oren, where ell the vapours uf the bonsine are collected and carried through large 
I>ipeB into a condensing coil 200 ft. in length. The condensed benzine returns tc the 
main tank, and the coal, perfectly dried and waterproofed, is carried u^ bv a diain 
elevator, and discharged on another wire cloth belt, which runs the entire length of 
the coal pockets — 100— and delivers the coal in any desired pocket. 

From beginning to end, the coal is in motion ; from the point where it is dumped 
as dust, until it reaches the coal pockets as fuel. It travels about 800 it. in about 
one^nd-a-half hours. Buildings and machinery are of the most substantial character. 
The production, with the machinery erected, will vary from 126 to 160 tons per day. 
•^Arntrioan Journal of Engineering. See Pmat. 

WRm Vol. ii. p. 614 gives a list of the various kinds of foreign furs imported. 

Fur outting . — The name given to the process of removing the fur flrom the skins of 
rabbits and other animals, for the manufacture of felt. The industry is carried on at 
London, Manchester, Brandon, and Norwich. The following description is taken 
from notes made in the workshops of Mr. Kouout, of Br.indon, Suffolk, in tliu 
neighbourhood of which place there are very extensive warrens. 

The rabbit skins arc taken direct from the collectors and sorted into four kinds, 
namely, beats, or full-grown rabbits ‘ in season,* that is, in November and December, 
when they are from six to nine months old ; racks, or young rabbits about two months 
old, which have not lost their iirst coat ; quarters, which are intermediate between the 
two former, the full coat just appearing; and suckers, or very young rabbits, about a 
month old, of very little value. The skin of a sucker is white, of a quarter, black 
aud white striped, of a rack all black, and of a best all white. Tame rabbit skins are 
simply divided into bests and seconds according to their quality. Hare skins are 
sorted according to the season, the term stage being used for those which are between 
young and fhll grown, in the same manner as the term quarter is applied tQ, r.ibbit 
skins. 

The skins are generally sent to the fhr-cutter in bags and are token to the pulling 
room, where they are opened, the fat scraped off, the ibr'of the oars, the nose re- 
moved, and the skins spread out. Girls perform the operation of pulling, the skins 
being given out in bundles of five dozen, called turns, and a girl will pull from one 
to one-and-a-half turns in a day. The pullers sit against n lung bin called a pound, 
having a lodge running along each side, against which the skin is pressed with the 
knees, so that the breech is next to the ledge. The forefinger and tlmmb of tlio 
right hand are protected by a stall, here ciUled a kuikin. The skin is first cnrJfl 
with a rake, which is the blade of an old shear or piece of a scythe, with large teeth 
notched into its edge. This removes the blood, clots, dirt, &c., known as cltiggruqs. 
To prevent the fnt from damaging the skin, it is chalked or whiHnged before lioing 
carded. The next process is vf^ing, which is done with a pulling knife made uf 
steel. It has a stout * square * blade about four inches by one inch, and a short round 
handle. The blade rapidly wears into a concave shape, and after about tiiree weeks' 
use is in the best working order. The skin having beuu carded, the fur is grasped 
by the thumb and pressed against the knife, which is held by the fingers, the little 
finger alone clasping the blade. A steady pnll removes the hair, which fiills into the 
pound, leaving toe skin with the fiir upon it. This action is performed over the 
whole skin. The pulled skins arc then made up into turns and taken to the office, 
where they are counted and booked. The claggings are removed from the hair by 
beating upon a common riddle, the former being used for manure, and tho latter for 
stuffing beds. 

The next process is carrotting or dressing tho skin, to preserve it from decay and 
the ravages of insects. This is performed in a cool room, upon a slightly inclin^ 
slate table grooved along the edge. Upon this are placed slabs of slate also inclined, 
aud resting upon blocks of wood. The skin is laid fur upwards upon a slab, and held 
at the head with a small pointed stick. Tho carrotter then dips a cocoa-fibre brush 
having a curved handle into a composition of secret character, and rubs the skin there- 
with. The composition used by Mr. Bought is one of his improvements in the trwie. 
The skins are then laid ' wool to wool ’ in pairs, and stacked in a rack until they are 
removed to the atovs-house. 

The etooe-houae is full of iron rocks upon which are placed iron rods, which receive 
the skins. The temperature is regulated acoonling to the state of the atmosphere, 
and varies from 110° to 170° Fahr. In from 8 to 12 hours the skins are dry. 

They are then removed to the machine room, where they are bmshed and cut. 
Brushing was formerly done by boys, but macbineiy is now introduced. The bmshing 
machine used by Mr. Bought is the invention ox his nephew, Mr. E. H. BuATOir. 
Feed rollers take the skin beneath a revolving brush, which cleans out the loose hair 
and sand, and shoots ^t forward into a receptacle under tho machine, the skin passing 
out behind. One machine will brush before breakfast more skins than a boy could 
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do in a day. The machine is geared on to the main shafting of the machinery, and is 
b.iid to be the most effective appliance in the tfade. A Irannet protects the workman 
from any flying particles. After being brushed the skins are again made up into 
tiirus and taken to the office, from whiw they are given out daily to the cutters. 

I'he fur- cutting machine is ve^ effective and ingenious. Four spiral cylinder* 
knives- -Work a^nst a straight-bed knife so as just to touch it. The skin passes 
between two nbbed feeding-rollers to the knives which cut the skin into fine shreds, 
Mio fur passing forward underneath the bottom feeding-roller on to a tin plate, while 
the shreds of skin fall into a receptacle beneath the machine. So accuratel;jr is this 
process performed that the fur passes on to the tin plate in its natural position, so 
bliat it is scarcely possible to perceive that the skin has been removed. The bed-knife 
lias a long and short basil side, the shorter one supporting the skin. The knives are 
{ground daily, and the revolving knives are brought up to the bed-knife as often ns 
ihoy wear down. 'With rough skins tho knives wear down in ten minutes, with 
ordinary skins in from two to throe hours. The wind of the revolviug knives causes 
ihe waste lo fly backwards into a flue-box. 

Tho skin shreds, ovpeltt ore used in the cloth trade for sizeing, and are also manu- 
l.io^ured into glue. 

Boys remove tho far upon the tins to tho lockers^ or girls, who sort the different 
kinds of fur. They stand at a table and place each kind of frr in a separate com- 
partment of a long box. Ordinary wild-rabbit skins are divided into seven kinds of 
fur, namely : — 

(1) 13. C. i.e. "Picked Cony Back, tho dnrk-brown fur from the centre of the bock ; 

(2) li. C i.r. lAght Cony, tlio light brown fur which surrounds tho P. B. C. and 
extends from nock to breed) ; (3) Sides, tho white fur from the sides of the skin ; 
(4) Red Neck, a rod patch over the nock ; (6) Pate, a black patch on the head ; 
(6^ Cheeks or Grey, thu fur from the chocks, and (7) Tail, black and white fur of the 
tail. Those qualities arc packed in 6 lb. air-driod brown paper bags, marked, and 
ftacked in crates or cases containing from 80 to 100 bags each. Three lockers and an 
assistant are allowed to o<ich machine. ' 

Haro skins are rather difforently treated because tho hair or fur is different from 
that of rabbits. In these latter, the smooth long hair which will not felt is separate 
fiom tho jugged fur, but the hair on hares is smooth above and jagged below. The 
smooth part is cut away with shears, and the fur then cut as a^ve described. At 
present Imre wool is not sorted, but formerly it was divided into Hack hack, brown 
hack, sides, pate (useless), cheeks and taii, as in the case of rabbit wool. 

Beaver and musk rat skins are first washed and stretched on boards, after which 
they are pulled, carrottod, and cut as above described. The beaver fur, known as 
V)Oom in the trade, is divided into silvery, pale, white, and brovm ; the musk rat into 
drown and white. 

The quantity of skins used is enormous; a single machine cuts 100 dozen skins per 
day. The chief stock comes in between January and March, and 200,000 dozen skins 
is no usual stock to sei^ in Mr. Bouoht’s factory, 

A process known as yellow oarrotUng is occasionally employed. The skins after 
being oarrotted are heated by super-heated steam, and the for changes to a golden 
yellow colour. — S. B. J. S. 

The Fur Trade of Leipaic . — Tho price of furs is to many persons in Europe almost, 
if not quite, as important as the price of coals, and a general ' strike ' of frirred 
animals would produce an amount of misery and inconvenience only to be eqoalled by 
a general strike of colliers. Some interesting information with re^rd to furriery is 
given by Consul-General Tavounitz, in his Beport on the Leipsic Easter Fair, 1873, 
and on the fur trade, lately printed. To this last fair, as to former ones, were 
brought in abundance the proauce of Siberia, Russia, Norway, and Sweden, of all 
Cflntral Eur^e, of the United States of America, Canada, the Hudson’s "Bnj Terri- 
tory, North-West America, Alaska, the Aleutian Isles, and from China. The goods 
are exported to America, Russia, China, Turkey, to Hungarv and the Austrian 
States, to England, I'ranoe, and Italy ; a considerable quantity also remaining tat use 
in Germany. Mentioning first the productions of Central Europe, there were imported 
for the last foir in round numbere 120,000 foxes, 200,000 pole-cats, 60,000 rock 
martens, 20,000 pine martens. 20,000 Ixidger skins, 0,600 otter skins, and 126,000 
black cats. Foxes fetched from 16 to 22 thalers, according to quality ; on an ave- 
rage about 18 thalers per 10 skins. For pole-cats but moderate prices were paid, a 
large stock being ofTerod ; they sold for from 60 to 110 thalers per lot of 40 dcins, 
according to the country. Rook martens reached six thalers per skin for German, 7h 
thiilers for Bosdian and Greek goods ; pine martens 6 to 7^ thalers per skin. Black 
cate were sold from 9 to 16 thalers per dozen. Of Russian and Siberian furs were 
offered 2,000,000 squirrels of all sorts, 160,000 orniine, 30,000 kolinsky, and 8,000 
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SiberiM gablei; thMO were sold 15 to 35 per cent, cheaper than in loat year. 
Of the productions of North America, about l.SCn) sea otters urere quickly bought up 
by eeyeral Buasian merchants. About 80.000 beayers (40,000 were reserved for the 
demand in England) found in general a good sale at former prices. Of 10.000 other 
skins, on account of the high price, only about the half went off the market. 8,000 
Virginian pole-oats were entirely cleared out at high prices. Of 6,000 bear skins, 
about a third remained unsold, owing to the mildness of last winter, and the sale of 
racoons suffered from the same cause, only half of 220,000 skins being disposed of. 

060.000 skunks, considerably cheaper tlian last year, found a tolerable sale. 800 
aUver foxes and 8,500 cross foxes met with but a moderate demand ; 45,000 red foxes, 
about 6 per cent, cheaper than last year, were caught up by Greek, Bussiun, and 
Galician merchants, and all but about 20 per cent, of the store was sold ; 8,000 grey 
foxes and 9,000 kitt foxes wore about 10 por cent, cheaper ; 2,500,000 musk were 
much sought and well sold, owing to the prospect of a diminished supply in America ; 

16.000 sables found a quick sale, especially in the better sorts ; of 60,000 small otter 
skins, only about two thirds wore sold, owing to the large supply. Of the most im- 
portant European goo<ls are especially mentioned dyed sealskins ; this fur is in general 
favour in England and America, and also in Germany and h>ance, and the whole was 
sold out, many orders remaining unexecuted. Prepared squirrel backs and squirrel 
bellies found the usual demand. Coloured Persian and Astraclian furs found a goetd 
sale at moderate prices. French and Belgian rabbit skins were brought in great 
quantity, and found a sale at a lowering of about 10 per cent, in price. Dutch swans 
and geese found a good sale, also polished rabbit skin goods and marmot lining, the 
latter 16 per cent, cheaper than last year. As the day seems to be approaching when 
families will depend more on fur than fire for warmth during such weather as we are 
now experiencing, these details of the Leipsic fur trade have especial interest at the 
present moment, and are calculated to raise yormin in general estimation. — Mall 
OmiBtU. 

rtnUTAOB. (Vol. ii. p. 617.) M. Obunkh has given the results of some 
elaborate experiments on the amount of heat utilised in different furnaces, arriving at 
the following conclusions (1 ) In furnaces urged by a blast, only 1*7 per cent, of the 
total amount of heat expended on, or at most 3 por cent, of the heat generated, is turned 
to account in the fusion of steel in crucibles. (2) In reverberatory furnaces, in which 
the steel is molted in pots, the amount turned to account is 2 ;[)er cent, of the total 
heat, or 3'd per cent, of the heat generated. (3) In the Siemuns furnaces for 
crucibles, 3 or 3^ per cent of the total heat is utilised. (4) In glass works, whore 
large masses are d^t with, 3 por cent, in the ordinary furnaces, and from 5^ to 
6 per cent, in the Sihmhms furnaces is turned to account. (5) In melting directly on 
the sole of a reverberatory furnace, the amount utilised is 7 per cent, for glass, and 
8 per cent for pig iron. This proportion rises to 15*18 and oven 20 per cent, in well- 
built Siemens and Ponsard furnaces. (6) The amount utilised is much greater still 
in furnaces where the fuel is mixed with tho substance to be molted. In old-fashioned 
cupolas 29 or 30 per cent, of the heat generated was turned to account; in modern 
cupolas, which are higher, of quick working, and wit h a diminished zone of fhsion, 
more than 50 por cent of the heat given out is generally utilised. (7) Lastly, the 
large blast furnaces utilise, according to thoir working, from 70 to 80 per cent, of 
the heat generated, or 84 to 86 per cent, of the total heat which the fuel consumed 
would be in a condition to furnish by complete combustion. In the Hoffmann 
circular furnaces the same amount, 70 80 per cent., is utilised . — Sociiti 

cowaffemmt. 

Gas Fumacst Btcheroux.—Tht> following are the principal features of the Biohb- 
Boux furnaces : — The heating furnace is of the ordinary kind, but where the grate is 
usually placed, passes are built for the gas and air. The furnace is connect 
means of a canal with the producer, the latter being of a very simple construction ; it 
ooneists of two vortical side walls, and inclined front and back walls. The front 
■1(^ is supported by a strong framing, the back slope by brickwork. The whole is 
vaulted over with iire-bridu. ' At the bottom of this so-formed chamber are the fire 
bars about 2 ft 6 in. long ; they can easily be taken out to enable the stoker to draw 
the clinkers from the pri^ueer. There are besides two folding doors for the ash-pit, 
by means of which the air can be completely shut off, so as to stop the generation of 
gas. At the top in front are three or four stoke-holes through which the pr^uoer is 
fed. These stoke-holes ore either closed by bricks or simply by small ccm. Before 
the stoke-holee is a platform for the stoker, and a supply of coal. The producer may 
be placed entirely aWe ground, and then requires side framing ; or it m^ be 
placed underground, when the side framing may be replaced by brick walls. If the 
ground permit it the producer should bo placed underground, os it then does not 
stand in the way of the workmen. The distance of tho producer from the furnaoe 
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depends on the dfenmstanees in eadi caee ; bnt in order that the gases ma^ not be 
cooled on their way from the prodnoer to the fiimaoea, it is perhaps adriaable to 
place them not too fhr apart. However, in easee where the produeera have been placed 
about 70 it. Arom the fbmaees, the results have been as satisfactory as when they 
were close together. 

The gas flue.'is built of dre-bridks, and may advantageously be placed underground, 
when the framing may bo dispensed with. This due is sometimes provided with a 
elide valve of brick or iron, to shut off the gas when required ; sometimes the valve 
is placed in the furnace, a little under the holes for the air , sometimes there is no 
valve. The consumption of coal in the generator may be stopped by closing the doors 
of the ashpit, and making them air-tight by means of clay. 

The furnace itself is, as already stated, the ordinary one, only in place of the fire- 
grate passages are built for tho admission of gas and air. The gas passage is the 
continuation of the fiue coming from the producer, the gas entering the furnace over 
tho bridge. Before it passes the bridge, howovor, it is mot by a number of air 
ourroutH at ono or both sides. The air parses iVom the fiue at the sides of the gas 
passe go into the latter through a number of small holes, formed by firo-bricks, placed 
a little apart from each other. The air thus admitted is previously heated, which 
may be done in various way^ cither in the producer and gas fine, or at the bottom, or 
Bides, or crown of the heating furnace. The air enters at the end opposite to the 
entrance of the gas, and travels slowly under the hearth>bottom (thereby keeping it 
cool, and protecting it from rapid destruction) to a box of cast iron. From thence it 
enters the air passages at tho sides of tho gas passage. By moans of a slide in tho 
box, the furnaoe-man can control the admission of air, and thereby the heat in the 
furnace, to a nicety. The ignited gas expands over the bridge into tbe furnace, where 
it heats tho iron. Thence it goes undor the boiler into the chimney. 

Tho Bicuhaoux gas furnaces share with other gas furnaces (Sibmkns, PoifSiBU, &c.) 
several advantages over the old furnaces worked with solid fuel. 

Amongst othors tho saving in fuel is considerable ; at Round Oak, for instauco, 
when working single shifts only, it amounts, we are informed, to 40 per cent'. 
Another great advantage is that inferior coal may be used in the producer, which 
could not bo used in the ordinary firing furnaces, while, the combustion being perfect, 
no smoke issues from tho chimney, and the control of the admission of air being so 
complete, the waste of iron is considerably reduced. Tho inventors, Messrs. Bichk- 
Roux, state that at their plate-works in Binsbuig the waste for double-heated heavy 
boiler plates amounts to 13 per cent., and in double-heated light ones to 15 per cent. 
For the some reason the fire-bricks of the fiimace are better preserved, not l^ing cut 
bv the presence of superfluous air. The furnace-man also is enabled to concentrate 
all his energy on his proper work, the beating of iron, as the stoking is done by 
ordinary labourers. He can, ther^ore, heat more iron ; at Ongrie, for instance, in 
fiimaccB whore one class of iron tyres only is heatod, it has been found that the old 
firing furnaces heated 16 tons por 12 hours, the Biohbroux gas furnaces of the same 
size 16 tons in the samo time. 

In comparison with some other arrangement of gas furnaces, the Bichbboux 
system has the advantage of being eimple and easily applied to existing fiimaoee ; 
while the working of the Biohbroux furnaces does not differ from that of the old 
firing furnaces, tho ordinary furnace-man is therefore able to handle the Biohbroux 
furnace in his usual way. The waste heat of the furnace in the Sibicbbs and 
PoKSARi) systems is used for heating the regenerators. In Biohbroux’b system it 
is used for heating the boilers, which are usually attached to the heating fomaces. 
The waste heat &m the furnace being so re^ar, the boilers and bri^work are 
better preserved ; not being subjected to variations in the temperature, and the com- 
bustion being complete, the flues require no cleaning or very rarely. 

The same system has also been advantageously applied to boilers, to reverberatoxy 
furnaces for smelting purposes, to fiirnaoes for heating Bbbsbmhr ingots, &c. It has 
also been applied to puddling furnaces, bnt it does not seem with the same snoeees, 
at all events not at ul places. Whilst some manufacturers c'aim a complete success, 
others state that the results obtained are not better than at ordinary puddling 
fiimicei. It is, therefore, not advisable to apply Biobbroux’s i^stem to this class of 
fiimaoe until greater experience has been gained with it. 

Hr. Oassoxt, whose name is associated with the Oasbon-Dobxxy furnace, which has 
b^n for some time most satisfectorily employed as a re- heating fiimace, who had 
trials made with two of these fiimaces extending over several weeks at ^e R^nd 
Oak Ironworks, has given the following as the results obtained in connection with a 
16 in. mill 
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Churn .... 
Finished iron . . 

Week ending 
Movembur 18 
Tons owt. lb. 

. . 110 4 22 

Week ending 
November SO 
Tons owt. lb. 
108 6 10 

. . 93 2 0 

92 6 84 

Ends out off . 

. . 0 17 36 

9 0 110 

Waste in the fhrnaces . 

. 7 4 98 

6 19 40 


Or 6*67 per cent. 

6*48 per cent 


averaging 6^ per cent, of the charge, and all thia, though the mill worked only singla 
turns, 6 day turns a wook, and tho rolls wore changed 24 times in the first, and 26 
times in tho socoud wook. 

In the week ending December 18, 1876, the mill worked on double turns, 10 times in 
all, with the following results: — 


Tons owt. Ib. 

Iron mado 185 13 14 

Coal consumed 60 1 3 0 


one ton of iron requiring therefore 7*18 cwt. of coal (StafFordshiro coal). 

(hiS furnaces are also applied with great success to boilers, furnaces for heating 
Dicssrmku ingots (at Anglour, near Liege, 1^ cwt. of coni were consumed per ton of 
steel), to puddling furnaces (at Ars-sur-Moselle 1 ton of iron was mado with 6f cwt. 
of coal), and to other furnacos. 

Furnace, Oas Re-heatiiiff.—'M.T. W. A. Sweet, of Rymeuso, N.Y., has devised a gas re- 
heating furnace which possesses many recommendations. The section 2348) repre- 
sents tlie furnat'e as now built for heating steel andiron for rolling-mill purposes. The 
heating-chamber is not different from that of other furnaces used for thosawe purpose. 
The gas-producing chamber is peculiar, and the manner of introducing the coal is 
perhaps tho most novel and Ubotul feature of the furnace. 

2348 



The coal used is flne bituminous, or semi-bituminous, tmt a mixture of two-thirds 
Bcmi-bituminoiis with one-third anthracite may be used, or anthracite may he used 
with a very bituminous coal, half and half. The coal is thrown into the hopper, u, 
where it rests on the slide or plunger, which is worked in and out by the crane, v. 
The coal is used very wet, that is, with all the water it can be made to absorb. The 
slide or plunger is worked back and fbrth with a crank and gearing, which works into 
the two radu, at each end of the plunger. This gearing is so compounded that eight 
turns of the crank puts the plunger in, and of course tho same number brings it back 
again. 

The plunger should always be left at the point shown, that is, just through the 
plate of the furnace, with a charge of coal in fimnt of it. This front plate is thit^ened 
with a lip to break any lumps that may be in the coal, and the power obtained by the 
crank is sufficient for this purpose. Four turns in are given, then eight out, then 
four in, and the plunger left as shown. 

Tho wet. coal Keeps these plates comparatively cool, and, when first introduced, 
ctards the low gases sufficiently, to have them thoroughly heated by passing through 
he red-hot mass of the burning coal above. They are thereby properly heated and 
.jixod with the gases gf a higher temperature coming from the coal that has bMU 
longer in the fhrnace, and those which arise from the combustion of theooke and which 
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p uM by tbe brtdgf^waU, and through the erown brick d, both of which are tabular, 
and made of fire-brick material. 

When the furnace ie run for high temperekuree, no emoke is eeen iaeuin g fr om ilie 
chimneys, which are small flues projeoting a little only from the roofs, when tbe 
^maCe is mn for steel heating, a full carbonising flame must be employed to heat 
the stock, properly, asd while we do not get as much eoonomy in coal, we more than 
make it np in saving of steel. Becently 9 tons of 8 in. square Norway iron were 
rolled into small shapes at less than 1 per cent, actual waste. The furnaoe waste was 
all the wsete bein^ train or rolling waste. 

The hot-l)last stove is very similar to the hot blast of ordina^ blast-furnaces. Ths 
flame is led down through the flue, v, under the arch protecting the pipes, r, and a 
sufficient amount of the heat or flame is let into the o\*en, n', to heat the pipes, and 
pasMS out of the passage governed by the valve, v". The blast can be heated up to 
900** F., according to the pyrometer of Buown, and there is no difficulty in governing 
it by using a number of the pipes according to the heat of the air wanted. From tiie 
Mtuv«> the hot air is carried into tJbo fluu eonnoetiug with tlis tubular crown and bridge 
w.ill. 

The object aimod at in the construction of this furnace was to be able to heat or 
molt as much steel os was done liy others at a less cost of fhmaco 'plant,’ and less 
labour in practical working, togetlier viib Less time for beating, and less cost in re- 
p.iinug. 

Nine lb. of billets are now bested with 1 lb of coal. These billets are rail-ends, 
from 1 to li ft. ID length, and 67 lb to the yard. The furnace and rolling waste is 
‘J per cent. 

The cost of tlie furnsiee is ^^1,100, and of the stove ^400. 

Description of Fwmace^Jig. 2348. 

R Hopper for coal. 

A. Coal and coke in furnace. 

F. Standing open mte. ' 

t. Crate-frame to drop free when letting the firo completely ont. 

H. iJmnp-plate for cleaning out Hshes and cuidurs once in five hours. 

^ 1 . Air- pipe into ash-pit — cold air. 

V. Tubular brick for inner bndge-wall for hot air. 

X. Lining to protect the tubular brick, b, and to be repaired. 

D. Tubular crown-brick fur hot air. 
w. Heating-chamber. 

n. Flue for heat and flame to tlie clumney-arclwd passage tinder the iron pipe, n, 
with holes through at n' to let the proper quantity of heat into the chamber sur- 
coondiug the pipes. 

B. Pipes to heat the blast to the proper heat, governed by the valire, m", into the 
chimney, z. 

Furnaces, Heat in, — Mr. Eowanu Alfreh Cowpbr, in liis provisional specification 
for 'Improvements in the moans of applying Heat in Reverberatory Bed and Rotative 
Furnaces, and apparatus fur that purpose,’ thus doscribcK bis invention : — 

'This invention relates to the means of applying heat in furnaces such as those 
employed for puddling, melting, re-heating, ana other operations conducted on a sta- 
tionary or rotating bM or in a rotating cylindrical vess^, and to apparatus for that 
purpose. Several methods of applying l\eat in sueh furnaces have been adopted, as 
for example, by the flume resulting from the eomhustion of solid fuel on fire-bars 
contiguous to the furnace-chamber, or the flame resulting from the combnstion of 
gaseous fool and air, and in some cases increase of heat and economy of fuel have been 
obtained by tbe use of regenerators to heat the air and gas liefore their mixture, such 
regenerators being themselves heated by the products of combustion escaping from 
the fomaoe-chamW. 

'According to my invention I apply in the fumace-cliamber a blow-pifie jet or 
several such jets directed on the material under treatment, the said jets consisting of 
combustible gas and of air, which air I previously heat by passing it on its way to 
the fornaoe iSurough a stove of the kind described in previous specifications of patents. 

'This stove may be heated by the combustion of solid or gaseous fuel, or by the 
waste heat of smelting or other furnaces, and when it has been so heated its com- 
munication with tbe source of heat is cut off and tbe blast of air ia directed throi^h 
it, so as to be heated before entering the furnace-chamber. For convenience of working 
the stovea are provided in duplicate, ao that the one can be receiving heat while the 
other is heating the blast ; and a pair of sneh stoves thus worked alternately may 
serve for a number of furnaces arranged near them. The gas may in like manner bo 
Vot.IV. CO 
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heated by its passage through separato stoves ; but as this would involve eomplexity 
cf anangement, 1 prefer to use the gas cold or to heat it partially by pasmng it 
through a coil of pipes in the base of the chimney, which the p^ncts of com- 
bustion are conduoted from the furnace. Both the air and the gas may be supplied 
under pressure ; 1 prefer, however, for the sake of simplicity, to apply pressure only 
to the air-blast, and to so arrange the air- and gas-nomles that the current from the 
former shall, by its inductive action, create a current in the latter.' 

Fwmaoet Cbampton’s Coal The principle of the CaAMFTOif furnace consists 

in the intr^uction of streams of nir and powdered coal, in properly actuated propor- 
tions, and mingled together into a combustion chamber, in which they are burnt, the 
products of combustion passing into a chamber beyond, where the heat is utilised. 
Attempts have been made to work out this principle in practice, but th^ have failed 
from various causes. In some cases the material composing the combustion chamber 
has been rapidly destroyed by the intense heat of the streams of fuel and air impingiug 
upon it. In others the fuel has not been reduced to a sufficient degree of flnonoss, nor 
properly mixed previous to its transit through the furnace, while iii others, again, no 
efficient means have been provided for rogu luting the combination of air and fuel. 
Above all, the necessity of counteracting the tondoncy of the particles of fuel to 
separate from the air in no case appears to have been recognised. But unless pro- 
vision is made to prevent the separation of fuel and air no good can bo expected to 
result, inasmuch as the separated particles will either bo deposited unconsurned, or only 
partially consumed, in the combustion chamber, or in the working chamber, or will bo 
driven forward into the flue of the fiirnaco. With all these difficulties Mr. Orampton 
has had to deal in developing his system, and one by one he has succeeded in ovor- 
eomiog them. 

Two results only have been referred to as accruing from this invention— the utili- 
sation of coal-dust and the perfect combustion of fuel. There is, howovor>'^a third, 
and equally important, question, which has received solution by tho same means - 
that of applying the heat obtained by this Mystom to moehanicul puddling. This -was 
the last fact accomplished, and it has imparted udditiorial interest to the invention. 
This final improvement grow out of tho lust difficulty with which Mr. Cuamfion had 
to contend— namely, the preservation of the brick interior of tho combustion chamber. 
The system was at first applied to an ordinary reverberatory puddling furnace, tho 
fireplace of which was converted into a combustion chamber by covering the flro-bars 
with a layer of refractory material. This soon became coated witli a film of flux w hich 
preserved it from tho destructive action of the impinging slroiims of fuel and air; but 
the roof of tho chamber over the bridge, upon which tlio intense heat was deflected, 
was acted upon and rapidly destroyed. It then occurred to Mr. Gbaufton that if ho 
prsaented the whole surface of tho chamber to tho action of tho flux, every part would 
be equally preserved. To do this it was only necessary to make tho furnn<>e revolve 
upon a horiBontal axis. There yet remain to be noticed two other practical results 
which have been achieved by Mr. Cramfton in the furnace under notice. On the one 
hand, he has perfected a mechanical system of supplying tho fuel to the furnace 'by 
self-acting apparatus, and on the other no has prevented the production of smoke. Tins 
latter result follows, as a matter of course, inasmuch as the only conditions under 
which the farnace can be successfully worked are exactly those which render the pro- 
duction of smoke impossible. Tho farnace constructed at Woolwich demonstrates 
the use of powdered foel in a free condition, perfect combustion, mechanical puddling, 
self-acting feeding, and smoke consumption, to be accomplished facts. 

The fhrnace by which these results are obtained stands in the Forge Department 
of the Royal G-un Factories. Rear it, and placed in a corner of the building, is tlie 
machinery for reducing ordinaiy coal-dust to a state of fine powder, which is done by 
grinding it between a pair of common mill stones, and afterwards passing it through 
sieves of the required degree of fineness. It is found that the greatest amount of 
useful effect is obtained ^m fuel which has passed through sieves having 900 meshes 
to the square inch. From the sieves the fuel is conducted by an Archimedean screw 
to the feeding apparatus, which consists of a square chamber or hopper having two 
revolving stirrers so arranged at the bottom thst the whole area of fuel is kept in a 
state of gentle agitation. Those stirrers force tho fuel through a horizontal onening 
in the fi^nt of the hopper ou to a pair of rollers of diflferent diameters, placed with 
their axes one above the other in a nearly vertical line. By this means a continuous 
and unvarying supply of fuel is delivered into an annulHr tube, leading into the fur- 
nace, and at a point where it is taken up by a strong current of atmospheric air. 
Both the supply of fuel and the supply of nir can be regulated with the utmost pre- 
cision according to requirement by means of a very simple nrrangenient which cannot 
easily be put out of order. The current of air is prcxhiccd by a fan placed vneta to 
the ^mace. The annular tube is fixed to the revolving fumaeo, while within rt 
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pan the pipes through vliieh the irater is circulated* for keeping the furuaee itself 
0 ^ 09 the ouUide. These pipes lead, tlie one from a vater tank to the casing of the 
fumaoe, and the other firom the easing to a waste pit. The water at the point of exit 
has a temperature of about 80^ Fahr. The fhmaee itself is exteniMy an iron 
cylinder, about 12 ft. long and 7 ft. in diameter, xoTolving about a horiiontal axis, 
upon four bearing wheels let into a bed-plate on the groun£ Around the furnace, at 
one end, is a toothed wheel, which gears into a pinion connected with a small engine— 
a steam winch, in fact, with a pair of 5-ia. cylinders and 10-in. stroke— by whimi it is 
made to revolve. 

Fumaee, DoukU This furnace wasdesipiod for the reduction of the hydrous 

silicates containing copper. The following description is derived from a paper rend 
liefor the American Institute of Mining jSngineors, at Washington, by Profossor U. 
SiLLiMXK, and printed in the Engineering and Mining Journal of Now York. 
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The experiments made by Dr. Hunt having demonstrated the fact that the copper 
Mntnined in the 'clay ore’ of Jokks’s Mine was rendered completely soluble in the 
liath of ferrous chloride used in the Hvkt and Douglas process, after heating in 
eoniUct with carbonaceous matter in a close vessel, Professor Sillucak set himself to 
devise a form of muffle furnace adapted to the treatment of largo quantities of these 
and similar ores by a continuous process. The result is shown in the accompanying 
diagrame, reduced from the working drawings, after whiclLthia furnace was built early 
m 1876, at Phmnixville, by the Ckhhioal Coppkr Company on their works at this 
place. 

,^e peculiar character of this ore dotermiued the form, dimensions, and position, 
^th reference to charging and discharging of those muffles. The ore arrived from 
the mine with from 29 to 26 per cent, of mixture, and when dried at 212° Fahr., or 
more slowly at lower temperature, it falls to a light incoherent powder, with occa- 
sional lum^ of undocoraposed roclL In this condition it is readily mingled with coal 
urt or any like reducing agent, and requires no other preparation for the muffle than 
of the shovel, to mix it well with the reducing agent. As it is a remarkably 
good non-conductor of heat, it was obvious that the mass, to be heated through in 
a reasonable time, must not be too t^ick, while its weight must bo sustained in a 
way to avoid undue etrain upon the 'walls of the muffle. These walls must be as 

c c 2 



888 FUENACB 

thin ai pnetieabTe, to favour tho more rapid tranamiMion of heat, and mnat therefSeve 
be ao ooastructed as to admit of being staged on the aides at fluent intervals te 
resist the lateral thrust of the very mobile mass of pulverulent ore, which, for obviotis 
reasons, must be charged at the top and drawn from the bottom of each chamber. 
These considerations led to the form adopted, viz., two vertical muflSes, standing 
upon very strong bridge tiles, seen in horizontal section, on the line n r, fig, 28S4, 
and in pUn in^i^. 28 Al, on the same plane. The vertical section of the muffle is seen 
in fig. 2362, drawn in the plane g u of the longitudinal section, fig. 2864, which is 
the key to all sections. 

The walls of the muffles are built of the best fire-brick, very carefully laid, one 
course thick (about 4^ in.), and banded to the surrounding walls at frequent intervals, 
as seen in fig». 2362 and 2364. The dimensions of the muffle chambers are each in 
height 10 ft., in depth 12 fb., and in width 2 ft., calculated to hold from 14,000 to 
16,000 lb. each of dry ore. This ore, as mined, measures about 33 cubic feet to the 
miner’s ton of 2,362 lb., and by drying suffers very little change of volume, the cubic 
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foot of drr ore weighing about 75 lb. It was expected that this volume of ore could 
be treated in from 24 to 36 hours, the chief ground for this expectation being the 
action of the gas retorts, which afforded the nearest known berm of comparison. We 
shall see be^d how far this expectation was realised in actual experience. The fire- 
place, seen mfigt. 2361, 2362, and 2361, was placed centrally beneath the two mnffles, 
and the course of the heat is clearly indicated by the arrows seen in the several 
sections, being in the main outward from the fire, and then upward, by way of the 
outer walls, and downward again between the muffles, where the current is directed 
by a horizontal diaphragm seen in longitudinal section {fig. 2864), compelling the 
escaping gases to seek the ascending fiue to the drying-floors and chimney, only after 
enveloping the whole area of the muffle walls. In this, as in all points of detail, 
the long ea^rienoe of Mr. William Edmondson in building gas-furnaces was most 
valuable. The effect of this mode of distribution of the heat is all that could be 
desired, giving a remarkably uniform tempoiature to all parti of the muffles. The 
drying-floor exposes an area of over 500 square foot of surface, beneath which the 
heat passes on its way to the chimney, as seen in fig. 2349, the flues being covered 
by large flat tiles sustained on the dividing walls, as seen mfig. 2364. Each muffle is 
provided with tvo charging-holes, ns seen in the snmo figure, covered by on iron plate, 
perforated with a gas tube for the escape of gases and vnpour given off in the process, 
and serving also as convenient handles for opening the feed-holes. The doors of dii« 
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ehaxg* an teen on 2860, counteipoig«d and riling in vertical midn, Ua waggona 
to noeive the reduced on being placed immediately under the dii&arge. 

The chemical reaction by whiw in theie mofflee the copper ailicate ia reduced to 
metallic copper ie euffleiently aimple, and may occur either by the direct action of 
oarimn on we cupric oxide. C + OttO ■■ CO + C«, or by the joint action of hydrocarbon 
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gases and (^rbonons oxide on the copper oxide producing water and carbon dioxide. 
Practically it was soon discovered that anthracite dust alone worked quite too alow, 
and required by far too higli a temperature to bo of any economic value ; charges 
thus treated remaining, even after 80 hours* continuous trtMitment, only partially re- 
duced. The dust of bituminous coal worked much more efficiently, the reduction 
being quite complete, but the time required being still greatly in excess of what waa 
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exnected, or indeed requisite, aa the result proves. But their mode of treatment was 
foUowod for nmny months, and with excellent results — the reduction being quite 
complete. With we use of about one-tenth of bituminous coal-dust to the charge of 
dry ore, the verticals being inoorrorated upon the drying-floor, and about 1,600 lb. of 
dust to the cluuge being used, the time consumed on the reduction was about 60 
hours, 'fhis was too long, reducing the eflfective result of the muffles in the amount 
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of ore to be treated* and increaiing unduly the eonsumption of fuel. Reaort ma then 
bad to ooal-tar, one barrel of whi^ (about 400 lb.) taking the place of 1,000 lb. of 
bituminoUB coal-dust, and completely reducing the charge in about 30 hours, and at a 
lower tem^rature than is re(]uired with the use of cc^-dust. It is easy to see why 
this should be so. Coal-tar is a liquid hydrocarbon, deprived, in the act of its pro- 
duction from bituminous coal, of all light products, volatile at temperatures much 
below redness, but capable, at a high tomperaturo, of conversion into heavy hvdro- 
carbon vapours. When coal-tar is commingled, thoroforo, with the dry ore, and the 
charge is thrown into the muffles, no chemical action takes place until the mass 
reaches the temperature of dull redness in the dark (under 600° C.), at which tem- 
perature it is known that reduction of iron ferric oxides occurs in a stroam of hydro- 
carbon gases. But at this temperature the coal-tar b^ins to give off vapours 
abundantly, which, penetrating the already heated mass at the opportune moment, do 
the work of reduction with rapidity and vo^ thoroughly. Now, with anthracite dust, 
charcoal dust, or dust of coke, the reaction is at first only between the carbon and the 
oxygen of the ores, and this can happen only at a much higher temperature, and more 
slowly; the carbonous oxide found next reacting with the cupric oxide to form CO^. 
With bituminous coal-dust a considerable part of tlio hydrocarbon gases are given off 
at a temperature below the reducing point of the copper salt, and are thus practically 
lost, while the coke remaining acts slowly, for reasons already stated, as well as being 
mechanically in a disadvantageous condition. Hence, the time consumed in effecting 
the decomposition is by far too great, even with bituminous coal. But the coal-bir 
leaves nothing to he desired, and when it is employed the proportion and dimensions 
of the muffles appear to have been calculated almost exactly for the desired result. 
Only in the mode of heating them is there room for an important improvement. The 
use of a gas-producer has been decided on to fill one or both the spaces seen upon the 
sides of the muffle in Jiff. 2340, and by this mode of heating a more efficient and'^eco- 
nomical result may reasonably bo expected. It is proper to add that nine months' 
continuous use of these muffles has demonstrated their efficiency and economy, as no 
repairs have been required in the apparatus, and the renewal of the fire-box will be 
rendered unnecessary by the introduction of a gas-furnace. The beautiful display of 
burning sino, with its faiut amount of glow of lambent green fiamos amid the oi'ange 
glow of the iucandescent ore, os the charges wore drawn into the waggons by 
was desoribed at tlio Washington meeting as one of the most beautiful of metalluii^cal 
phottomona. This happens only when the temperature is higher than has been found 
needful in steady working, and near that at which the ore slags. Oornequontl^, it is 
uo longer soon as the process is now oonductod. The reduced copper is oxiduod at 
once by tlie air on drawing the charge, and in this cuiKlition is readily dissolved in 
the Huivr and Douglas hath. A remarkable change is seen in the texture of the 
calcined oro, which is thus rendered quite mnular and frt^e to the passage of the 
liquors of the bath, while before heating, and the con^pquent loss of water ^ hydra- 
tion, it is quite impervious to water. 

FurtMoe, Petrolwm . — The furnace we are about to describe working with petroleum 
is the invention of Dr. 0. J. Eambb. 

Fiff. 2366 is on external view of the petroleum furnace, and fig. 2366 a section 
thereof, a B r o indicate the Ramks vapour-generator, called simply the ' generator,' 
the main feature of the new apparatus and process, a is a cast-iron vessel, with 
horizontal shelves proief*ting alternately from opposite sides, over which shelves the 
oil, entering at d, at the average rate of 80 gallons or 200 1\>. as a maximam per hour. 
This furnace, when heating 3,000 lb. of iron at a charge, and making steam for the 
rolls besides, requires no more — and it flows downwards in a thin layer, dripping from 
shelf to shelf. It thus moots a slow opposing current of steam heated and xept at a 
pressure of about 10 lb. per inch, and which passes upwards from the superheating 
coU B, enclosing the fire. Every trace of oil is taken up and swept on to a mixing- 
chamber, which occupies the former fire-space, where it meets the air-blast entering 
at the point b (the former ash-pit). It will he observed that the former * bridge-wall ' 
of the furnace is built up solid to the crown, except the space at h o, called the ' com- 
bnstion chamber.' Tliis consists simply of a cellnlar tier of fire-bricks placed on end 
extending all across over the old bridge-wall. Within these cells the combustion 
begins, and it is found that if this combustion space has a horisontal thickness of more 
than 18 in. the fire-bricks free down, i is intended to represent one of the piles of 
scrap iron, with its top and bottom * covers,’ of which, however, six, avers^ng 600 lb. 
each, are introdneed at a charge in regular working. The course of the flams under* 
and back through, one of the flues of the boiler above and thence ^to the staeik, is 
indicated by the arrows. 

Professor Hbnbt Wubts, in describing the operations of this furnace, after dealing 

' ‘ ' listory of these vapour-fomaces, proceeds to the consideration of the chemical 

properties of petroleum : — 
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* Orude Femiiylvania petroleum ii a mixture of a largo number of compound! of 
earbon and hydrogen, of densities, boiling points, &e., varying among each other 
throughout a very wide ranM. According to one of the first authorities in the study 
of petroleum, Dr. ITakdbb Wbydb, these different compounds, when once separated 
from each other, boil at temperatures rau^ng from that of ice up to 700*^ Fahr., or 
higher. Its average density is about 45° Beaum5, eoiresponding to a gravity of 800, 
water being 1,000. Thus, ono United States gallon of water weighing 8*882 lb. avoir- 
dupois, one gallon of avoriige crude potroloum weighs 6*67 lb. Its oomposition is 
about as foUowb Carbon, 84 , hydrogen, 14 ; oxygen, 2 , total, 100. 
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The avorogo Litoiil heat of the vapour of petroleum has not Ijeen very satisfactorily 
detertniiK^d, but it ib known to bo very low. l)r. Uun states it at 184, that of steam 
being 1,000 , of alcoh >1 vapour, 457, and of ether vapour, 313. That is, an amount of 
he.it that will vaporiou but 1 lb. of water and alxiut 2*2 lb. alcohol, will vaporise 
5 4 lb. of petroleum (assuming no important change of specific heat during the cnange 
of stale). By measure the amount of heat or mel that will vaporise 1 gallon of 
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water should vaporise no less than 6j gallons of petroleum. This is an important 
practical p<uut in this connection. The density of its vapour is veiy high, avera^ng, 
if the whole mass be converted into vapour, six-nnd-a-half times the density of air at 
the same temperature. At 500° Fa&. it will pass into vaporous form, except a 
trilling peroontage, and as at that temperature air will weigh {wr cubic foot — 
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(666 CMtDii being the veight of the cubic foot of air at 60°, and its co-efioisnt<if 
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diUiation Ibr the Fshrenheit degree), then— if we admit for it the same co-efflcient jof 
dilatation ae for air — petroleum vapour at 600° weighs 1,939 grains per cubic foot, and 
J obUoh of petroleum should yield only 24 08 cubic feet of vapour of that temTOiature, 

^e ipeeidc heat of liquid petroleum is stated to be ‘4684, that of water oeing 1. 
The specific beat of its vapour does not seem to have been determined, but it probe bl^ 
will not greatly diflTer from that of the liquid. When boiled down a tarry residue is 
always left, which, on raising the heat, chars and leaves a coke-like mass behind. 

The Eambb system consists of— 

Tile Fapour Generator . — The plan and setting of this are such as to secure a suc- 
cessive evaporation of loss and less volatile hydrocarbons from the oil ; the reeidua 
(of high-boiling points, and those non-volatile without decomposition) ultimately 
reaching a horizon, on their downward flow, where the incandescent steam coming in 
below not only licks all that is vaporisable, but also any carbonaceous residue with 
formation of carl)onic oxide and hydrogen gases. 

The Steam Blast . — An important element in the calculation here is the fact that 
the time occupied in getting up a working heat on the cold hearth is reduced to so 
small a matter— but 36 or 40 minutes— that the necessity is by no means imperative 
of keeping the furnace in blast continuously, as with coal fuel ; w’ith which latter, m 
u furnace of this size, 12 hours is often required to get up a heat. 

The Superheater.- The superheating of the steam blast is somewhat analogous to 
the heating of the air blast of a blast furnace. Such steam constitutes a vehicle of 
convection of the vapours, which cannot be sufficiently chilled afterwards, as ordinary 
steam would be, by the latent heat of vaporisations of the lighter hydrocarbons, to 
allow of the condensation of the heavier hydrocarbons into a spray, which latter could 
not be sufficiently difflised throughout the air blast to bum without smoke. 

T%e Air Blast . — In connection with this factor of the process como in some of the 
most weighty considerations connected with the now system. It has already been sbcfim 
that the total vapour from the whole of a gallon of petroleum, supposed to be at 500° 
Fahr —at which point none of the hydrocarlions should be present in the form of 
liquid spray, but all os homogeneous vapour— should occupy but 24 08 cubic feet of 
space. In this space, deducting the hydrogen conesronding to the 2 per cent, of 
oxygen, there ore 6*603 lb. carbon which require 14'041 ll>. oxygen, and 0 92 hydrogen 
which requires 7*336 lb. oxygen, for complete oombustion to carbonic acid and water ; 
in all 22 277 lb. oxygen, equivalent to 1,268 euluc feet of air. Each cubic foot of the 
petroleum vapour, at 500°, requires, therefore, for complete and smokeless combustion, 
not less than 62*6 cubic feet of air at 60°, which latter must moreover be mingled 
with it perfectly and uniformly. Below this proportion it is certain that a flame may 
result in btdng more or less fuliginous. Hence wo learn two things — the necessity of 
ail enormous supply of air to this furnace, and that this air must be injected with 
rapidity, and caused to move in currents as sinuous as pracLicable to promote rapid 
and complete mixture with the combustible vapours, lliirtv gallons id oil per hour 
may be stated as a practical consumption for one of these re-neating furnaces. 

The flame of the £\mbs furnace is likened to that of a blowpipe, the concentration 
and intense heat of which is explained by the great density of the oil vapour. The 
temperature of the fire-space or hearth of the oil furnace was determined l^ the 
method of Pouillbt, and averaged 3,276° Fahr., the highest being 8,321*5° Fahr., 
or about 600° above the melting temperature of cast iron. The escaping p;ases wore 
sufficient to supply steam eveiy eighty minutes for running six large boiler plates 
through the heavy rolls, a result only previously accomplished with two coal furnaces. 
This was done by the consumption of 200 lb. of oil per hour, working charges of 
3,000 lb. of scrap iron — consisting chiefly of old boiler plate, with boiler scale com- 
posed largely of sulphate of lime, phosphate, &c., still adherent. The mixture was 
well calculated to test the capabilities of the furnace for converting reftise scrap into 
boiler iron. 

Starting with a cold furnace, a Injiler full of cold water, and oil fed at the rate of 
30 gallons per hour, 46 minutes was a maximum time to bring the whole fire-space to 
a duzling white heat with 22*6 gallons of nil. Six piles of scrap, 3,000 lb. in all, 
being tlien introduced, 35 minutes mure brought the piles to a high welding heat and 
raised the steam to 90 lb, pressure. The highest average time for charges of 8,000 
lb. was 80 minutes ; thus seven such charges, averaging 2,600 lb. of rolled iron 
each, could be worked in a day of 10 hours, with an average maximum oonsum^ion 
of 200 lb. of oil per hour, or 2,000 lb. per day, worth at Jersey CHty about JflO) ; so 
that the result is a production per day of about 8 tons of finished plate from one 
ftirnace, at a cost for fuel of about 9s. per ton. The iron made during the experiments 
was tested as to tensile strength, when the breaking load per square inch oi ori^nal 
section avenged 2b*6 tons. The remarkabls uniformity ^ weld and homogeneuv of 
the plates are well illustrated by prints taken directly from the laminse derelopea on 
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the edges of sone pieces of plate bj etching. The results of some puddling experi- 
ments with this furnace, using cast scrap uon, hare been apparently equauy satis- 
factory. The most raluable points claimed for this invention consist in purity and 
density of flame being combined, securing, as in steam-raising, an elBciency of from 
92 to -98 ^r emit, of the total heat engendered. The flame b^ng smokeless, and like 
that of a Bumssh burner, the boiler plates are kept clean, which results in the much 
larger steam-making absorption of heat; the rapioity with which heats can be raised 
renders continuous firing no longer indispensable to economical working ; stoppa^ for 
repairs will no longer involve such expensive delays ; the heat may be regulatcNi with 
great precision, or be extinguished at any moment; and the practical calwiflo 
Hiiperiority of oil over coal, weight for weight, actually rises to a ratio of eight 
to one. 

Calorifics of Petroleum . — The heating power of Pennsylvania petroleum has been 
determined with sufficient accuracy ior all practical purposes. Fur oil from Oil 
Creek, H. SAiMTB-Ci.aiiufl Deviixh, experimenting for the Frenoh Oovemment in 1809, 
fc.und a total calorific power of 9,963 Centigrade units, ei^ual to an evaporation of 
](rl7 lb. of steam per 1 lb. of oil; and his actually obtmned 3 rield of steam was 
] 1 06 lb. per 1 lb of oil ; 1,262 heat-units, out of the 0,963, by exact measurement, 
bung lust in operating the chimney to produce draught, and 76 units by radiation, in 
all 1,328, or 13'33 per cent, of the whole. Another Pennsylvania oil, fhim FranUin, 
on French Creek, of higher density {HuUe lourdo\ gave him 10,672 units in all ; and 
Ohio oil, dense and black, gave 10,899. The first sample, from Oil Creek, doubtless 
represents about the average of the crude oil of commerce, and is hence adopted 
us a basis for calculation. As the total heat of complete combustion of carbon os 
charcoal —according to the mean of the figures of Andbbws, and ef Fa van and Silbxb- 
MAKM — is 7,990 units per lb. ; Pennsylvania oil, therefore, may be practically rated 
as ha\'iiig just 26 per cent, more heat in it per lb. than (chemically pure and perfectly 
anhydrous) wood charcoal, or (supposing ash nud condensed giises present equivalent 
to 10 per cent loss) 40 per cent, more than common charcoal. The theoreticed powers 
of the liest British coals per lb. are estimated to be between 14 and 16 lb. of steam 
but the British Admiralty, in a long extended and elaborate series of experiments, 
found that the best actu^ result, from the best steam coals, was 0*6 lb. of steam 
per lb. ; and not more Uian 8 lb. with ordinary coals. With perfect combustion and 
skilled handling we may safely adopt, as tlie actual steam value of petroleum, 16 lb. 
of water made into steam by 1 lb. of oil — equal to just 100 lb. of water per gallon ; 
4,400 lb. per barrel, or 628 gallons of water vaporised by 1 barrel of oil, from 212^ 
Fahr. 

Furnaces^ PuddUng (Cowiran’s), ^c. — Mr. E. A. Cowpxn has invented on arrange- 
ment for heating the materials in furnaces (such as puddling, heating, melting, or 
boiling furnaces) by the use of gas in combination with very hot blast, neated by his 
patent hot-blast stoves (oommoidv known now os Cowpur Stovbb), so that the com- 
bustion being effected immediately on the materials shall be as effective as possible 
for heating the same, whilst full control over the character of the gases is retainad, so 
lliat an oxidising flame, or a reducing flame, may be used as required. With sneh an 
arrangement, it is probable that iron might be puddled, with one-third of the coal, 
now wastefully usAl, in filling the whole furnace with flame of a sufficiently high 
tenmerature to effect the puddling operation See Hot Blast. 

tumacef Self-Stoking.^\ioAnd self-stoking furnace is tolerably well known, but it 
is necessary for the information of such persons as are not acquainted with it to state 
that the fhel is fed on to the fire-bars by means of plungers, while the fire-bars 'them- 
selves have a peculiar motion bpr which the fuel is gradually carried to the back of the 
grate. In the new furnace, this movement of the fire-bars is obtained by using only 
one cam shaft instead of two shafts, as in the old machines, and the mechanism for 
working the plungers has been simplified and made more eomp^. The most important 
modification, however, consists in the total abolition of the nridge and the reduction 
in the length of the fire-ban, which are only 2 ft. long. By the action of the ban, 
the incandesoent fuel is carried forward and forced or pushed into the flue, when it 
forms a continuation of the fire, the whole of the flue becoming a combustion 
chamber, thus providing a larger space for the complete mixture of the products of 
combustion than is the case in the furnace of any ordinarv internally-fired boiler, the 
radiant heat acts on the whole surface of the flue, and the escaping gases, instep of 
acting only on a portion of the upper part of the flue, are dififiued and act upon the 
whole, thus, it is claimed, largelv increasing the direct action of the fin on the boiler. 
A sheet-iron draught plate is placed across the end of the flue near the end of the 
gmte, which can be r^ily removed when it is requisite to take out the ashes and 
clinkers. In many cases this plate is dispensed with, except when starti^ the fire, 
as it is found that the free passage of air through the incandescent mass in the fluf 
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iflcreaMd burning power, and consequently increased evaporation. Messra. 
Vicascs have already altered about twenty of the furnaces ereotoa by them, so far os 
the ahoMeniog of the fire-bars and the aboLitiun of tlie bridge, retaining the old 
feeding mochMiam, and in ovoiy instance the oltorutioii is stated to to giving 
satisfaction. 

FuttfOMt Bevdving^ BHucKNna’s. — liairciCNHK’B revolving cylinders for roasting ores, 
dee., are now used at a number of the mills in Colorado and New Mexico, for the 
purpose of roasting and chloridising silver ores, with highly satisfactory results, even 
ftom those cylinders of small siso, erected be^re the many improvements of recent 
date. 

2367 



As examples of the larger improved cylinders, reference can be made to those 
erected at the Tunuosseo Beduciion Works, Silver City, Grant County, New Mexico, 
and those which wore built, in 1871, at the celebrated Caribou Silver Mill and Mines, 
Colorado, a mining enterprise which has proved most satisfactory. 

These cylinders, as now constructed, are shown in fig. 2367, lua elevation in perspec- 
tive, fi^. 2368, a lougiludiual, and fig. 2369 a trausveise section. Ftg, 2360 is a sketch 
of a mill, with Bkuckmkb’s cylinder. 
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The exterior of the oylibdor is a shell of boiler iron, 12 ft. long by 6 ft. 6 in. in 
diameter. The ends are partially closed with similar material, leaving in the centre 
a circular opening about 2 ft in diameter, bounded by a flange pnj^ing several 
inches. Upon one side is placed an opening closed by a hinged door. Upon the 
outside of the cylinder are bolted three bands, as shown in fig. 2367, in wmeh the 
section of the first is square, and that of the third semicircular ; the second, or middle 
baud, is a strong spur gear. Passing through the cylinder are six pipes parallel to 
Mus another, in a plane at an angle of 16° to the axis of the cylinder ; these pipes 
Mm Ho in this piano at an angle of from 80° to 86° to the longitudinM axis of the 
plane, os shown mfig. 2868, where the internal arrangement of the cylinder is seen, a 
perforated diaphragm being formed through part of the cylinder by means of perficr> 
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vaied platei placed betireen the abore-deecribed pipes, the plates being held in place 
bj longitudinal ^^roovea upon these pipes. 

The entire cylinder is lined with brides (eommon building bricks baTe been found to 
answer the purpose very well), which are placed in the following manner:— The 
entile side or the cylinder is coreied with one layer, laid flatwise, thus forming a 
lining abput 2^ in. thick ; there is an additional layer extending from each end of the 
cylinder about 16 in. to the point where the nearest pipe passes out ; then additional 
concentric layers are added thereon, until the eiicle is contracted down to the siie of 
the opening in the end, which is also lined, 
each layer falling short of the preceding 
one about 2 in., thus giving the end lining 
a conical form. The entire lining is laid 
in a mortar of one part Are clay, two parts 
piilvenuod old fire-brick, and water, all 
thoroughly mixed and beaten. The cylinder 

supported upon four large frietion-rollers, 
two of which are grooved upon their peri- 
phery, to fit loosely the semicircular band, 
thus holding the cylinder long^itudmally 
in place. The other two friction-rollers 
uTo mode without a groove, and hear 
luviii the square hand, thus accommodating 
theuiselves to the expansion and contrac- 
tion of the cylinder, or any irregularities 
of form. Rotary motion is given to the 
cylinder by means of a pimon placed under 
the cylinder and gearing into the spur- 
gear baud. Upon the other end of tho 
pinion-shaft are placed two bevel-wheels, into which gear two match-wheels. The 
latter are loose upon the driving-shaft, standing at right angles to the pinien-shaft,' 
and either of these wheels can bo attached to the driving-shaft, thus oommunicating 
the speed of revolution to one or tho other of the hovel-gear as may be desired. 
Inasmuch as by wear, or settling, the axis of the cylinder may possibly he thrown out 
ol the proper lino, tho following moans of a<yustmout aro provided, but not shown in 
any of the figures, viz., each journal-box of the friction-rolleFS is held in position by 
adjusting screws, by which it cun he moved honzontally to or from the eentre line of 
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the machine, thus giving entire control of the lateral and vertical adjustment of the 
cylinder which tiiey support. 

The eireulu flange of one end of the cylinder loosely projects into a fire-box, best 
seen in ^tion to ^e left of 2866. The other end injects into an opening com- 
nunicating with dust-cambers and a chimney. There is placed in the bottom of the 
flue a shoe prqjeeting into the cylinder, which catches such dust as may faU hack, and 
returns it into the cylinder in lieu of allowing it to escape through the crevice between 
the oyliudor-flange and opening into the flue. A door is placed in the flue opposite 
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tho opening, through which the interior of the cylinder and its contents can be readily 
eauaiined at any time. 

Method qf Orating ike Cylinder wUh R^eutofy IHfver Ores, — A lire having been 
kindled in the flre-box, the cylinder is allowed to slowly revolve until heated to a 
dull-red, and is then bronght to rest with the door on top. In this position about 
4,000 lb. of pulverised ore and 200 to 400 lb. of salt are introduced ; the door is 
closed and securely fiuteued, and the cylinders are made to revolve at the slower 
speed of from one-!^lf to one turn per minute. The fire is so reflated that after an 
homr^s time the sulphur contained in the ore commences to bum, the ore in the 
cylinder being retained at a dull-red for some time. (In ores containing a large 
amount of sulphur, little or no additional fuel is required for desulphurisation.) 
During the wnole of this and the subsequent operation, the inclined perforated 
diaphragm causes the heated ore to travel alternately backward and forward the 
entire length of the cylinder, also siftii^ it through the fiame, thus insuring a uniform 
heating, mixing, and exposure to chemical action. 

The diaphragm, in the meantime, is protected from destructive action of heat by 
the cooling effect of the external air circulating through the pipes, and from corro- 
sion by the formation of a basic scale, or coating, resulting firom reaction of the iron 
pulb, &c. 

The desulphurisation being completed, the heat is gradually augmented to a full 
red. The pulp soon assumes a spon^ appearance, technically known as ‘ woolly,’ in 
consequence at the double decomposition of the sulphates (formed duriug desulphuri- 
sing) and salt (chloride of sodium), liberatii^ chlorine gas, &c. After an hout^s time, 
or as soon as a sample taken from the cylinder evolves the odour of chlorine uncon- 
taminated with that of sulphurous acid, which indicates that the chlorination is 
complete, the door in the cylinder is opened and the cylinder revolved by the i^ore 
rapid-moving gear, and the chloridised ore is quickly discharged, being received .nto 
a car, chute, or other conveyer, according to the construction of the mill. 

The door in the back of the flue furnishes a ready means for sampling and examin- 
ing the condition of the ore in its progressive stages, and in some cases fho salt is not 
added to the ore until subsequent to desulphurising, in which case this flue door is 
conveniently used. 

Other Usee of the Cylinder , — The cylinder has been found to give excellent results 
in roasting the compound auriferous pyritic ores to be treated by the Plattnbr pro- 
cess, in which case a small quantity of oharcoal is subsequently introduced to the 
charge, so as to facilitate the decomposition of the resultant sulphate of copper. This 
form of cylinder is undoubtedly well calculated for the manufacture of soda fit>m 
cyrolite, roasting cement, plaster of Paris, ores of zinc, lead, copper. &o. In a word, 
it is admirably adapted to most of the roasting and reverberating furnace opera- 
tions. 

Cost, Weighty and Capacity of the Brucxker Cylinders . — fbe cost of a cylinder, 
including its supporting and rotating machinery, iron work for flre-box, bolts for 
foundatious, and all royalties on patents, is about ^2,100. The total weight of the 
foreroing parts is 16,000 lb. The placing of the fliundation and erection of brick- 
work, for nre-box, cylinder linings, and dust-chambers, will vary greatly according to 
local circumstances. The capacity of a ^linder in twenty-four hours is, as reported, 
from 8 to 10 tom (in very refractory ores the daily average would be less), the 
chloridising being up to 96 per cent. J. M. Locxb, d.E., Cincinnati . — The Transact 
tions of the American Institute qf Mining Engineers, vol. ii. 

Fkirnaoe, Btbtbfsldt. — This is the only deBulphurising furnace which appears to 
claim notice. The one used at Reno, near Virginia, for desulphurising and colorodis- 
ing the ore, consists of a shaft 20 ft. high by 8 or 4 ft. square. At its base there 
are two fireplaces, in opposite sides, with short flues leading into the stacks. The 
ore having been mixed with 3 to 6 per cent, of salt, is crushed under stamps and 
passed through No. 40 screens. This finely pulverised ore is fed in a oonunuone 
stream by machinery from the top of the shaft. Just below the top of the shaft is a 
flue for the escape of the gases, leading into dust-chambers, where any portion of the 
fine material carried up by the draught may deposit. The main shaft at the end of 
the dust chambers is 40 ft. hi^h. ^ As the fine ore descends, mixed with salt, SjMost 
the current of hot air asmnding in the shaft, it becomes chloridised, giving off suN 
phnrons and sulphuric acid ; every atom of the ore bein^ exposed to ozidMing and 
chlorodising influences. The furnace is said to perform its work with leu cost for 
fuel, labour, and salt, than the ordinary reverberatory, one furnace treating 20 tons in 
a day, with the labour of eight men. ^e fbel used is two cords of wood a day, while 
the ten reverbezatoriu would require five times the quantity, and the saving of salt la 
one-half. The bullion produced is larger and richer, and the cost of treatment only 
about 26s. per ton. 
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The lom on the Colorado ores has been prettj irell aecerteaned : it le abont 80 per 
eeat Of the quantity layed, 6 per cent, ia obtained in the battery and appliance^ 
and 16 per cent, by concentration and treatment of tailinM. 

Fwmaoet Sitp . — This famaee ia one of aeveral plana which have been introduced 
for the purpoae of regulating the anpply of coal to the quantity of air admitted, eo aa 
to secure,, aa far ajt poaaible, complete combustion, r {fy*. 2361 and 3862) ia the 
hopper into which' the ftiel is thrown; pb is the arrangement of etopa down which 
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the coal falla, becoming ignited in its progress, and being supplied with air through 
an air passage at b, and ihrough the fire bars at 8 «. The intense flame produced at 
the bottom of the steps is conveyed under the boiler through the opening marked. 
Fiffs. 2368 and 2364 give the plans of the step. Furnaces of thin description will be 
more fully described in relation to their use for burning brown coal in Bonemia undeer 
ThbppbM'Rost, which see. 

ran OXXhi to detect in spirit. See HiniTLiTVD Spiut. 


G 

AAliUUM. On August 27, 1876, M. Lscoq db BoisBauDBAw observed — when 
making a spectroscopic examination of a blonde ore from the mine of Fierrefltte, in 
the valley of Argiles, department of the Pyreneee—two peculiar ban^, both situated 
in the violet ray, which were sufllciently defined to indicate the existence of a new 
metai. 

*On December 6, 1876, M. Wuhts placed before the Academy of Sciences some 
specimens of ^llium obtained byM. ImcoQin the metallic state, which were obtained 
by the following process : — 

Sulphate of gallium, dissolved in ammoniacal water, was subjected to the action of 
the voltaic current Metallic gallium was deposited on a plaie of platinum, which 
■srved as the negative electrode. The specimen laid before the Academy weighed 
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0*0084 gmaifae, and was deposited in 6 honra and 40 minutes upon a square of about 
128 aquim miUinittreB. partieles detached from the electrode by the action of 
the burnisher had already acquired a distinct metallic lustre ; a polish of more marked 
t^iaraeter was got 1^ compression under the ante burnisher. In Uiis case the oallmm 
esine oat os a bright white metal, to which platinum is inferior in colour. When the 
gaUium salt is slowly decomposed by a well-regulated electric cuirent, the metal is 
aeposited a beautifhl dead surface, silvery white, finely granulated, and reeved with 
a large number of tiny, shining points, the cryst^line structure of which is revealed 
under the microscope. 

Under the influence of hydrochloric acid in the cold, water is decomposed by 
gallium, and the reaction, which is much more intense with heat, is accompanied by 
a brisk dise^agement of hydrogen. 

The description given by M. Lkcoq ns BoisnAunuAN is as follows : — 

* After trials rendered long and laborious by the variety of the material, 1 have 
prepared salts of gallium sufliciontly pure to give in the spectroscope magnificent 
spectra of gaUium, with but feeble rays of zin^ Zn a 144*62, Zn A 160*05. In examin- 
ing the properties of the pure salts of gallium, I have noticed certain differences 
from those which present themselves when the gallium is mixed with much zinc. 
The^ are as follows : — On a mixture of gallium with zinc with potassium forrocyanide, 
gallium reacts similar to zinc. To a dilute solution of the chlorides was added ^tbs 
its volume of HGl concentrated, then a slight excess of yellow prussiato, and fid illy, 
four times its volume of water. All the gallium aud zinc wore precipitated. These 
feiTOi^anides washed with strong UCl, and decomposed with ammonia sulpbydrate. 
The chlorhydric solutions of these sulphides gave brilliant rays of Zn and Ga. A 
strip of cadmium precipitated nothing from a solution of the chlorides of Zn and Ga, 
oven on obullition. Wlien fractionally precipitated by carbonate of soda and boiled, 
a ZnCl^ containing the gallium is thrown down. This lost metal is more abundant in 
the first deposits ; this separation is so distinct that while one gives the rays of 
gallium much more brilliant than those of zinc, the other (following) gives l>ut a 
feeble ray of Ga a 417, and a bright Zn spectra. If acetic acid be added to an am- 
moniacal solution of the sulphates or chlorides of Ga and Zn, nearly all the Ga is 
precipitated in the form of white gelatinous flocks — obullition with a notable excess 
of 0*H*0* fails to redissolve the precipitate. The reactions with pnro salts of 
gallium: — (1) The electric spectra of gallium clilorido, a little concentrated, is very 
brilliant. The ray 417 is much brighter than that of 404. 1 have not noticed other 
rnvH attributable to gallium : there is certainly none of noticeable intensity. The 
colour of the spark striking the gallium chloride is light violet. (2) In the gas flame 
1 have obtained the Qa ray a 417, tliough but feeble and fugitive, ovon with a salt 
which gave brilliant electric spectra. (3) The chlorides and sulpiiatos of Ga are 
precipitated by NH’, but redissolve mostly in an excess of NU*; if to that remaining 
JICl and NH* be added, all will go into solution. (4) An ammoniacal solution of 
sulphate or chloride of Ga is precipitated, cold or hoi, l)y an excess of acetio ocid^a 
very dilute solution is necessary. (6) The chloride and sulphate Ga are not precipi- 
tatAl in the cold by acid acetate of ammonia, but will do so on boiling. (6) Sulphate 
of Ga, evaporated and heated until nearly all the white fumes of the sulphuric acid 
pass ofiT, does not lose its solubility in water. (7) The sulphate of Ga is soluble in 
alcohol of (8) An ammonia gallic alum may be formed as in No. 3. (9) The 
alnm of Ga is soluble in cold water, but when heatM it is decomposed, and the liquid 
becomes cloudy. (10) This alum is not decomposed when heatM with water in the 
presence of acetic acid. (11) This alum crystallises easily in cubes and octahedrons, 
presenting exactly the appearance of ordinary alums ; its solution, evaporated under 
the microscope, follows also the characteristic behaviour of known alums. (12) The 
crystals of Ga alnm do not act on polarised light. (13) A small crystal of Ga alum 
placed a short time under water, and then in a slightly saturated solution (tf alumino- 
ammoniacal alnm, enlarged itself, and determined the crystallisation of the liquor. 
(14) With an excess of ammonia, the Ga alum acts as the other salts of Ga, a part of 
the oxide is precipitated, and the rest goes into solution. (15) A strongly acid solu- 
tion of Ga*Ul* is precipitated by the yellow prussiato : see No. 4. (10) Tlie ammo- 
niacal solution of the sulphate of Qa is decomposed by the voltaic current. Metallic 
Ga is precipitated on the platinum strip, serving the negative cioctrede. The positim 
electrode is covered with a slight white film soluble in NH"; see No. 6. (17) ThI 
electro-deposit of Ga adheres strongly, is hard, and burnisheii liadly by friction with 
an agate burnisher, but with strong compression under the burnisher a better polish 
is obtained, having the appearance of platinum. With a well-regulated battery a 
cr^talline deposit is formea, presenting a lieantiful silvery white surface. (18) Go. 
deposited on a strip of platinum, does not oxidise during the wnsjpugs by hot or cola 
water, nor during the drying at 200° in a current of air ; it decomposes water acidn- 
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latad irith HGl in tlie cold, but more rapidly when heated, with a bride disengage- 
nent of h^rogen. The salts of milium used for these experiments were obtained 
from the blendwof Pierrefltte, but the presence of this new metal has been detected in 
other minerals of sin^ and esneeially in the transparent blende of Santander— and 1 
have no ‘doubt it exists in all the blendes. The Oa that 1 extracted from blendes 
came really from them and not from the zinc (Vieille Montagne) employed for the 

{ >recipitntions, as 1 could not obtain traces of Ga in large quantities of this rinc. My 
ater researches have confirmed the rarity of Qa in the blendes. The extreme sensi- 
bility of the spectrum reactions hare led me to too highly estimate the quantities 
obtained. 1 do not think I had more than milligramme for my first researches. 
If, as I suppose, there is not an error in the nature of my alum of Oa, the existence 
of this smt fixes the atomicity of this new element, and attributes to its oxide the 
same function ns that of alnminium, and the oxide of gallium should be written 
0a»0».’ 

GaUimit Ertruction of. — M. Lrcoq thus describes his latest method : — ' The blende 
is dissolved in aqua regia, and pieces of sheet sine are placed in the liquid and with- 
drawn when iho escape of hydrogen has greatly subsided, but is still mireptible. 
In this manner is sep.iratod the greater part of On, Pb, Cd, Tr, FI, Ag, Hg, Se, As, 
&c. To the clear liquid zinc is added in large oxcess, and it is boilM for eeTeral 
lioTirs, when an abundant precipitate is formed containing alumina, eubenlts of sine, 
and ^lium. This precipitate is redissclved by hydrochloric acid, and the solution 
boiled again with sine. All the gallium present is thns concentmted in a liquid of 
small bulk. The last gelatinous precipitate is dissolved in hydrochloric acid, acetate 
of ammonia is added, and the solution treated with sulphuretted hydrogen. This 
operation is repeated for the complete removal of the alumina. The hydrochloric 
solution of the white sulphides is precipitated fractionally with carbonate of soda, 
when the gallium is found concontratod in the first portion deposited. The spectro- 
scoM indicates the point at which it is necessary to stop. To complete the separation 
of tne zinc, the oxide of givllium is dissolved in sulphuric acid, and then supersaturated 
with ammonia in excess. The gallium which remains in the nmmoiiiocal solution 
may be expelled by boiling to expel free ammonia, destroying the ammoniacal salts 
with aqua regia, and fractional precipitation with carbonate of soda. The pure oxido 
of gallium precipitated by ammonia is dissolved in potassa and siilmiitted to elec- 
trolysis, when gallium is deposited on the native platinum electrode. The positive 
electrode, likewise of platinum, should bo laiger than the negative. Five or six 
IUjnbhn elements are sufficirnt to decompose 20 to SO c.c. oT the concentrated solution. 
On placing the negative electrode in cold water and bonding it, the gallium is easily 
detached. The author has sought for gallium in the following substances : — 

* A. liich Subtitances. — Black blonde from Benslierg (specimens sent by the ViRiiiLR 
Montaonh Miniko Company): yellow transpan nt blende from Asturias; brown 
blende from Pierrefltte (Pyrenees). 

• ' B. Jiather Poor 8ub»tance8.~~Pom]oTeA zinc from the Vieille Montagne ; zinc dross 
from Corphalie. 

‘C, Verg Poor Subnianoea . — Yellow opaque blende from Mandosso (Gard) ; brown 
blende from Sweden ; black brown blende f^m Schwansenberg, in Silesia ; blende in 
rod^ ftiom Nouvelle Montagne. No gallium was found in the following : riblion 
olende from Vieille Montagne ; tutz from Corphalie ; galenas from Pierrefitte and 
elsewhere ; metallic zinc from Vieille Montagne, as us^ at Cognac for building pur- 
poses ; calamines from Sardinia and Lo Gard , commercial hydrochloric and nitric 
acids. News, June 2. 

M. Ldgoq dk B(^»isBAUDRAif presented the Academy of Sciences, at the aeanee of 
November 27, 1876, with crystals of metallic gallium. The value found for the 
angles appears to load to a clino-rhombic form. 

OAUS. See Gall Nuts, voi. ii p. 631. 


Imported fn 1876. 

VAlue 

Cwfc. £ 

From Turkey 0,789 17,786 

„ Persia 2, 4 80 6,017 

„ China 13,714 29,732 

„ British India— Bran bay and Si iiide . 3,746 6,179 

, other Countries .... 1,433 3,061 


Total 


28,162 


63,859 
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•AMBiam. (Vol. ii. p. 634.) 

Impwiationa in 1876. 

Tom M 

From Straits Settlement4i . . 22,299 678,628 

„ other Countries .... 776 27,682 


Total .... 23,074 601,106 

OAaunaSXTB. An ore of nickel. See Niokbl. 

OASv AMMOVIA XMPUBXTT. See Ammonia Imfubitt in Gas. 

OAS BinuraS (Bunsbn). At a lecture given by Mr. J. Watlaob, of Newcastle- 
upon-Tyne, before the Society for the Promotion of Scientific Industry at Manchester, 
he describe his improvement on the well-known Bunsbn burner. The flame of 1 he 
Bunsbn burner, almost without colour, was known to contain a hollow space within it 
for about half ite length. This hollow space, which the Bdnsxn flame hud in common 
with the candle-flamo, was considered an essential part of its structure. Mr. Wallacu, 
during a scries of experiments made to ascertain the amount of air that might safely 
be mixed with coal-gas previous to combustion, observed, that as the proportion of air 
was increased the hollow space became smaller, the whole flame contracted, and the 
temperature became more intense. The surface of the conical space changed from a 
leaden blue colour to an intensely brilliant emerald green, which sparkled and crackled 
like the flame of a blow-pipe, until (as the proportion of air still continued toincroaso) 
the hollow space disappeared altogether, and the gas and air exploded in the Bunsbn 
tube. 

It was thus apparent that the hollow space or sono of no combustion depended 
entirely on the amount of air which was mixed with the gas previous to combufKion, 
and it only remained to construct a burner in which the gas jet should be able to 
induce the extra quantity of air, and the burner itself be so arranged that the tendency 
to explode or light within should be prevented. It may here be noted tliat a much 
greater proportion of air must bo pre-admixed to obtain a good flame from a large 
burner than from a small one, because the area of the flame increases at a much 
greater rate than its circumference. The remainder of the air, which makes up the 
total combining quantity, is combined with the gas during combustion, and apuears 
only to unite at the lower part of the flame ; the upper part being enveloped anu cut 
off, so to speak, by its own products. 

Six and one-third volumes is, roughly, the total amount of air which will combine 
with Newcastle coal-gas, and of this 1 1 is as much as may with any advantage be 
mixed previous to combustion in a 4-inch burner. The remainder combines at the 
flame. A cylindrical cap of finely perforated iron plate was fitted on to a burner- 
tube 1 inch in diameter, and made adjustable to various heights. Wlien raised to 
I inch, gas was burned above it at the rate of 20 feet per hour, with a flame which 
tras solid to the centre, each hole in the cap being covered by a bright gre4n bead 
showing whore combustion began. A 2-inch tube was next up with three jets 
at the &)ttom, capable of passing 40 feet per hour at If-inch pressure. When lighted 
and a4justed the flame proved to be as complete as the previous ones, and the propor- 
tion of air pre-admixed, when measured from a test holder, was 4^thB volumes. A 

E latinum wire stretched across the flame 4 inch above the cap became instantly white- 
ot for a distance of 4 inches, and the colour gave no indication of an^ difierenoe of 
temperatnre in any part enveloped in the flames. When the air was interrupted at 
the base of the burner a large hollow space immediately appeared above the cap, and 
the wire cooled to blacknees. On again admitting the air the wire was once more 
incandescent. The green beads, when examined by the spectroscope^ give the speotmm 
of carbonic oxide, and they only appear in a flame which burns in the most complete 
manner. 

The inventor of the new burner, in testing it against an ordinary light-giving 
burner, realised an advantage of 26 per cent, in favour of the former, and as it may 
with B^ety be turned low without lighting within, it offers at least one solution to 
the very difficult problem of burning coal-gas in quantity. It is already in nse fbr 
many important purposes, such as heating stoves, tempering tools, warming green- 
houses and baths, and raising steam for an engine to drive printing-machines. 

aAB, BBnoTXow or vAiuATioirB or wmmmmumM or. See 

Fbbbsubb of Gas. 

OABBO nroliOSaa> xir OOAXi. See Coal, Gasbs rnclobrd tN. 

OAOBO riMIM COA.&. See Coal, Gasbs fkom. 

HAS nr OOOXnrO. The use of gas in cooking in Germany has been pro- 
nonnead to be a luxuiy. According to Professor Mbidinoeb, a family of 4 penont 
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^11 consume for this purpose 5'6 lb. of wood and 1 ) lb. of coal per day ; the eorre- ^ 
sponding quantity of gas, being 238 cubic feet, would cost times os much as its 
equivalent quantity of wood and coal. The enormous difference between the amount 
of heat given out by the coal, and that effective for cooking, reduces the costliness of 
gas. BImdimobr puts the effective heat in ordinary kitolien ranges at about ^jjth of 
vhe total heat given out by the coal. An experiment was made with a gas-stove 
constructed to supply a household of 6 persons ; a separate burner kept 6'6 gallons of 
water at a mean temperature of 122° Fahr., consuming, night and day, between 
January 1 and April 1, 4,000 cubic feet, or 16,000 cubic feet per year, at a cost of 
aliout Zl. I7tf. The mean daily consumption, at 44-6 cubic feet, cost about 2\d. ^ 

Considerable saving was effected by using pots with double sides and lids, tlie inner 
vessel being thus surrounded with a jacket of hot air. M. MsmiNaER calculates that 
for a pot of tin-plate, 9-6 inches in diameter and 7‘9 inches in height, the use of a 
double wall, inclosing a layer of air 0*8 inch thick, would reduce the loss of heat bj 
radiation to one-third of that lost from a single-walled vessel. So thick an air-layei 
being inconvenient, one having a mean thickness of 0‘4 inch was used, being calcu 
latod to reduce the loss of heat by radiation, during boiling, to about one-half of that 
lo»t from a single-walled vessel. The inclosed air, at a temperature of 176° Fahr., 
would exert an additional pressure of { atmosphere ; which pressure, however, vessels 
of ordinary tin-plate, and with soldered edges, are well able to stand. — C. Woolf, 
Jounialfiir Gashelewchiunff, No. 12, 1876, pp. 489-447. 

Gaa, its llluminaling Power . — A method of testing the illuminating power of gas 
has boon devised by I)r. C. M. Mirmitns. The invention is based on the discovery by 
M. 8 aik that selenium is a conductor of electricity just iu proportion as it is exposed 
to light, and that the luminou‘« portions of the spectrum are precisely those which 
render sdeuium most conductive. The conductive power of selenium is, however, 
slight and uncertain, and the destructive action of calorific rays upon it is consider- 
able. But Dr. SiKMHNS found that by raising amorphous selenium almost to a fusing 
point of heal, and then slowly cooling, ho obtained crystalline structures which were 
hotter conductors of olectncity, and which, while less susceptible to the calorific rays ^ 
of a flame, wore, curiously enough, far more sensitive to light. He adjusted a small 
particle of this cystalliue selenium in the circuit of a galvanic battery, and connected 
the whole with a galvanometer, the needle of which indicated with the nicest preci- 
sion the increase or diminution of the electric current thniugb the selenium. This 
current was found to be affected by the slightest gradations of even the feeblest jets 
of flame, the light of which was allowed to fall upon this conductor, which, there- 
fore, presented a test far more delicate and reliable man that afforded by the ordinary 
photometer. A light of a specific intensity being adopted as a standard, any other 
light might be measured by placing it at such a distance as would produce the same 
reading on the galvanometer, and its strength would then be a matter of arithmetic 
based on the well-known rule that the intensity of a light on a given object varies 
inversely as the square of the distance. 

iTATHmAXi, Analysis of^ by Professor Sadtler, of the University of 
Pennsylvania : — 



Specific Gravity of the Ooeea, 

Burns’s Well '6148 

Leechbuig gas *6680 

Harvey's Well *6119 

Voi. IV. D D 
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Calomfio Oalcvlations. 

OUori/io Power in Heat-units, Centigrade. 

BurnB’BWell 14211 units 

LcNPchburg gfiB 14*105 „ 

Harvey’s Well 15*597 n 

Calorific Intmsity {theoretical Thmperature Centigrade, attainahle hy Combustion 

in jitr). 

Burns’fl Well 2,745‘^ C. 

Leoehburg gas . 2,749*^0. 

Harvey’fl Well 2.703° 0. 

American Gas Ma7i‘nfacturer. 

Gas from Petroleum and Anthracite. — This process, the invention of Mr. T. S. C. 
Lowb, of Norristown, Pa., consists in producing from anthracite and decomposed 
steam, a gas of a very high heating power, which for illuminating purposes is 
enriched with petroleum vapour. The anthracite is charged in a small cupola, say 
3^ ft. in diameter, to a depui, kept constant, of from 3 to 4 ft. When fairly ignited, 
the base is closed, and superheated steam is Hdmitte<l a little ulxivo the grate bars ; 
the steam is decomposed, and the product is a mixture of hydrogen and carbonic 
oxide. For illuminating gas a small jet of crude petroleum is directed on to the 
surface of the burning coal, the gases from both of which thus become mixed ; but a 
more thorough admixture is insured by passing them through a fire-brick cellular 
structure. The charge used in some works where this system is adopted has been 
about 280 gallons of crude petroleum, and 3,600 lb. of anthracite, for the production 
of 70,000 cubic ft. of illuminatiug gas, the cost amounting to from 56 to CO cents per 
1,000 ft. The system has been tried two years, and the cold of the past two winters 
at Phmnixville has not affected the gas, and has proved the ‘fixedness ' of the pro- 
duct. — The Engineering and Mining Journal (New York), July 31, 1875, p. 97. 

OB&OflS. A gobitinous matter obtiiined from an alga growing in Cochin China, 
which is used for the same purposes as gum. 

OBiriBTA. ( TTie Broom.) In Calabria and in Tuscany a variety of the genista 
(Sparttum junceum), {Spanish broom, is used for cordage and coarse baggings. It is 
said to be cheaper than hemp and much stronger. In some parts cf France this 
broom is used for the same purpose. The Spartiutn scoparium, the common broom, 
furnishes an abundance of fibre, but prejudice in favour of the Spanish broom has 
prevented any satisfactory trial of its strength. 

OnrOB&BT OZB. A name for the oil from tlie sesamum seed. See SnsAVUic. 

OBJL8S. M. Euo. Pklioot, in a memoir presented to the Acad5mie dos Sciences 
on December 11, 1876, Rur la composition du verre et dv ertsial chee Us anotens, gives 
the following as the composition of some of the glassoo examined, viz : — 


Silica .... 

66 7 

66*0 

67*4 

70*9 

69*4 

69-4 

Lime .... 

5*8 

7*2 

2*7 

7*9 

6*4 

7*1 

Alumina, Oxides of Iron 
and Manganese . 

2*8 

8*0 

5*4 

4*5 

2*9 

2*8 

Soda or Potash . 

24*7 

23*8 

24*5 

16*7 

21*8 

20-7 


These glasses, Pelioot states, were probably of the eleventh centurv. In all of 
them he round both soda and potash. He therefore supposes tliat the ashes of marine 
planta had been usually employed. 

‘ Cristal* of the French, the highly refractive lead fiint glass of the English, is 
thought by M. Pelioot to have been mode at a very early period. He writes : ‘ Je 
citerai en premiere lime Fononnoux dr Bondaroy, menibre de l’Acad5mie Royale des 
Sciences, qui a publi5 dans les m^moires de cette compagnie, en 1787, iin travail 
eoncernant Texamen d'un verre d^signi sur le nom de miroir de VirgHe. 

* Entre les raret^s et les richesses de diffirentos esp5ces qui font partie du tr5sor de 
Saimt-Dsnts, on France, on conservait une substance transparente, de forme ovale, 
lon^e de 14 pouces dans son plus grand diamitm, de 12 pouces chins son Mtit, et 
4paisse d'un bon pouco, k laquollo on a laiss^ le nura vulgaire de miroir de VlrgUe ; 
les poids total de ce morceau 5tait d’euviron 30 livres. Sans pr4tendre fixer 4 ce 
verre une antiquity aussi recul4e, on assure qu'il est depuis les premiers temps que ce 
trisor a 4t5 dtabli dans cette maison. 

*La vezre est homog^ne, d'un vert mbU avec du jaune; il est poli sur les deui 
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surfaces } mais les bords semblent u'avoir pas us^s et conserront I'empreiate da 
nioule, qui lui a donnd la forme ; 1 ponce cube p^ 1600 grains ; le pouce cube du 
verre des volcans ptee 800 grains/ 

This ‘ cristal' was carefully examined by M. Eua. Fslxoot, who states that it is not 
* du crijytal assuriment,* but it is a simple silicate of lead, produced in the muffle 
similar to the imitations of precious stones made by the ancients of the time of Flinv, 
and for the Jew6 in the middle ages. — See Art. du Verre, by M. Alliot, EMyolopedie 
hiithodique, rol. vii. ; Art. de la Verrerie de Nttri, p. 153 ; and Convpies Rendua for 
December 11, 1876. 

OXiABB* BSB. M.Baccaxiat thus describes the mode by which the French rose and 
rod shades of glass are produced. A certain quantity of auriferous glass is prepared 
beforehand, and run in thin plates, and fragments of these plates are used by the 
glass-blower to fuse upon his work, and thus give it a superftcial colouration. It 
often liAppous that one and the same composition of auriferous crystal gives plates of 
very different shades, some colourless, others tinged more or less deeply with rose and 
rod, and some almost black , those differences being due to two causes — namely, the 
Uunporature of the furnace in uhich the fusion has boon effected, and the temporatura 
of the mould into which the melted metal is run. For light-coloured plates the tern* 
p<>ruturc of the furnace is made low, and the mould very cold ; blue plates are some- 
limoH produced under the s.iiuo circumstances, which, if reheated, take the normal 
colour, as du also the colourless and very pale rose glasses. The curious facts thus 
developed, in regard to the process in question and its results, render it probable 
that the colouring matter is neither a salt nor an oxide, but a simple body. Crystal 
coloured with gold is probably tlioroforo merely vitreous matter, holding metallic gold 
in a state of vei^ fine subdivision. It is stated that on examining the red plates, it 
is easy to rocogniso in the mass a multitude of most brilliant specks of metallic gold, 
forming a sort of aventunne. This f.ict was observed by Dr. Fahadat long since. — 
JidltUn de la Hocike d' Encourayemnt. 

HXiABB, TOnOBBXrXB. A glass possessing a peculiar toughness has, within the 
last two or three years, excited mu<*h alleiitiou. It appears to be glass in a condition 
Bomowliat analogous to tlie ItAAUMuu porcelain, which was a devitrification of glass by ' 
prolonged exposure to heat. It has also something in common with the well-known 
J Vi nee UnrKUT drop and the Bologna phial. It has been stated that several years 
■iuce, M. Fuan(,'ois ok la Bastik, a hVonch engineer, after long and patient investiga- 
tion into the subject, discovered a simple means of rendering glass practically unbrittle, 
und lit the same time of preserving its transparency. There were many delicate con- 
ditions involved in the process by which he obtained this result, but on endeavouring 
to repeat the successful experiment he failed signally. If dipped in water the hut 
glass invariably broke. Fatty matters perfectly purified, and virgin oils free of all 
admixture, gave good results, the toinporaturo employed varying from 160° to 300°. 
Olycerine, whether pure or mixed with fats, it was found could not be advuntagoously 
u<ied. h'or two years mure M. Ds. la Bastib strove without avail to re-discover 
the secret of his success. At length ho succeeded in so doing, and has siiico 
beeu engaged in perfecting his invention and in developing a laboratory experiment 
into practical working. The process of conversion in the main is a very simple one, 
so simple that it seems singular it was never thought of before. Broadly stated, it 
consists ill heating the glass at a certain temperature and plunging it while hut into 
a bath consisting of a heated oleaginous comiKiund. There are, however, many condi- 
tions in connection with the details of the process upon which a satisfactory result 
depends, and the neglect of any, even in a slight degree, constitutes the difference 
between success and failure. Thus, the glass may be underheated and will not bo 
susceptible to the effect of the bath, or it may be overheated and it will then lose its 
shape, or, again, it may be rightly heated and yet be spoilt in the course of trans- 
ference to the bath. Moreover, the oleaginous constituents of the bath and their 
temperature have an important bearing upon the ultimate result. Those and numerous 
other points of detail have uU been satisfactorily settled by M. dk la Bastib, who has 
designed furnaces and baths by moans of which this toughening process can be carried 
out practically without fear of mischance. The time occupied in the actual process 
of tempering is merely nominal, for directly the articles are brought to the required 
temperature they are plunged into the l^th and may be instantly withdrawn. The 
cost of tempering, too, is stated to be very small. 

At the annual meeting of the SocUii de Secoura dea Amia daa Sciencea in the amphi- 
theatre of the Sorbonne, M. Victor de Ldymks gave many iin^iortant explanations of 
this manuffleturo. He explained the expansion and compression of the exterior and 
interior parts caused by immersing glass heated to a certain temperature in un 
oleaginous bath, and he gave some highly interesting proofs of the success of the 
process. Thus he applied some vigorous blows with a hammer to a piece of glaee 
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trhioh in its oidinavy condition must have been broken into fragments, but which 
sustained this violence without being any the worse for it A small tube of thin 
twisted glass being &stened in a vice, he endeavoured to break off the extremity of it 
with a pair of pincers, bnt it was only after several attempts and by dint of much 
evident muscular exertion that he succeeded in doing so. A furnace, moreover, was 
brought into the liall, and a number of small globes and pieces of sheet glass were 
submitted to the toughening process. M. db Luvnbs then threw some of them on 
the floor to show that they could bear tho shock. The globes wore fastened by 
strings to staves of wood at various heights, and an assistant mounting a ladder and 
setting Are to the string, they fell on the table with considerable force, thence 
rebounding on tho floor, but only one or two of them were fractured, and those only 
when falling four or five yards. The assistant also mounted on a curved plate of 
glass placed on the table so as to represent an arc of a circle, but though the portion 
of the glass on which he stood was an inch or two above the tabic it bore tho whole 
weight of his body. A similar experiment with much thinner glass was not so 
successful, but M. db Lxttnbs stated that it had previously borne the strain, though it 
had been necessary for tho assistant to mount upon it somewhat carefully so as to 
equalise the pressure as much as ^ssible. Of course M. db la Bastib, as M. db 
Lutnes explained, does not pretend tiiat glass thus tempered is absolutely free from 
danger of breakage, but he claims that it will bear 80 or 100 times the strain of 
ordinary glass. The glass, moreover, it is stated, can be cut under certain conditions 
as easily as common glass. 

A lecture was delivered by Mr. Fbbry F. Nuusbt, C.E., before tho Society of Arts, 
in which he fully explained tho process of M. db la Bastik. At the conclusion of tho 
paper Mr. Nurset experimented with toughened and untoughened glass articles, 
showing the infinitely greater resistance to tho force of impact possessed by the former 
over tho latter. A square of ordinary jilato glass. G in. by 6 in. by \ in. thick, -was 
broken by a weight of 4 ozs. falling on it from a height of 12 in. The same weight 
was then dropped upon a square of toughened glass of similar dimensions from a 
height of 10 It., but without breaking the glass. A weight of 8 ozs. was then substi- 
tuted with similar results. Mr. Ndrsey then threw tho weight several times on the 
glass with great force without breaking it; but ho ultimately smashed it with 
a hammer. Watch glasses, glass plates, coloured and plain, were then put to tho 
test, by being thrown violently on the bare floor without damage. One plate was 
dropped from a height of 6 ft. on to an iron grating, and rebounded into the air 
tiniiijurod. 

Tho process as carried out in New York is thus described : — The glass, after being 
run from the furnaces and moulded as usual, instead of boing put into anneaUing pans, 
is immersed into a hot bath, consisting of 3 parts flaxseed oil and 1 part of tallow. 
Tho bath stands at about 320° ; and after remaining in this, the ware is removed to a 
second and similar bath, by which it is cooled down to al*a*it 200°. Finally, the 
pieces are immersed in a water bath, and then dipped into a qiuintity of ordinary re- 
fined burning oil. They are then cleaned, ready for packing, with* plaster of l^aris 
powder. The work is but in its infancy, and but one small furnace is used in the 
present experiments. Improvements will doubtless bo made by which the cleaning 
can be done more rapidly than by the powdered plaster, probably some chemical being 
used for this purpose. It is supposed that tho oil works into the pores of the hot 
glass, and thus toughens it. Qreat care has to bo exorcised in tho final cooling by 
water, as too long a contact with the air in changing from one bath to another makes 
the ware crack. Articles cooled entirely in oil retain tho oil on the surface, but are 
thus rendered stronger than otherwise. This new process is very much employed in 
the manufacture of lamp chimneys, though they have the disadvantage of flying into 
very small pieces, and with violence, when they do break, which sometimes does 
occur. 

M. DB LA Bastib’s emrimental researches wore based on the theory that the 
fragility of glass is caused by the weakness of the cohesion of its molecules, and that 
consequently, if this cohesion can be increased, the strength of the material will be 
augmented in proportion. At first, M. db la Bastib tried to obtain tho desired result 
by forcibly compressing the glass while in a fluid or soft condition, but without 
success ; and it was not till after some years of experiment that he discovered the 
method of tempering it which forms the subject of his patent. Dropping ftised or 
heated glass into water produces a violent contraction of its particles, which are 
thrown into a state of unstable equilibrium, so that the least shock causes it to break 
up into innumerable pieces. By dipping the glass into oil or other liquid capable of 
being heated to a temperature considerably above that of water, it is found that it is 
not only hardened, but tempered, so to speak — t.c. it has lost its brittleness. The 
conditions for the tempering process are two; the glass must bo at a certain tempera- 
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tore, and also the liquid in the dipping bath. The latter, which may ooneiet of oils, 

g rease, wax, rStoin, tar, or pitch, must be capable of being raised to a comparatively 
igh temperature without odiling, and the heat at which the glass is found to be beet 
fitted for the tempering process is that which just precedes the soft condition. 

We have witnessed the actual manufacture, and the melted mixture of fat and oil 
was not BO hot but that the finger could be dipped into it without inconvenience. 

A considerable donee of uncertainty attends this process : sometimes very great 
toughness is obtained, and, as stated above, the glass bears a blow without any sign 
of a fracture. In other casus we hare seen a comparatively slight blow shiver it into 
fragments. 

M. K. Gibouabi) remarks, in Les Mondes for July 8, 1876, that the tempered glass 
sometimes bursts into a groat number of fragments when struck very slightly. This, 
ho thinks, happens chiefly when the glass article has been strucka great many times, and 
when it is as it were trembling under the action of a succession of blows or shocks. 
GiROUAan thinks, and perhaps he is justified in this, that the process of tempering 
may be applied also to enamel, earthenware, &c. 

It is a fact that half a century since it was a common practice to place newly pur 
chased glasses, cups, 8cc.,ia a pan of cold water, which was then very gradually raised 
to the boiling point. It was thought that this treatment rendered them loss brittle. 
When the editor was an apprentice, ho well remembers treating lamp glasses in this 
way, keeping them boiling for a long time, and allowing them to cotd slowly. It 
was thought they resisted the changes of temperature to which they were exposed 
more thoroughly if so treated. 

Another process, patented by Herr F. Siumkn^, is directed to the same end as that 
of M. DU LA Habtib. It consists in a method of lieatiug and then pressing and suddenly 
cooling the glass to be hardened or tempered ; but when the articles are such as are 
usually mouldoil, the hardening and toniporing nro accomplished at the same time as the 
pressing — the molten glass is run into suitable moulds and, while still highly 
heated, is squeezed, the moulds having the effect of giving the necessary cooling, without 
resorting to the liquid bath of M. lUs'i'iE. The material employed for the moulds depends 
on the nature ana thickness of the glass: in cases whore the cooling process must ne- 
cessarily be a rapid one, metals of good conducting power, such as copper, are preferred ; 
while in those where the cooling has to bo effected more gradually, moulds of oartlien- 
waro or other bad conductors of heat aro employed. In cases whore the glass articles 
to be oporntod upon vary in thickness, the conductivity of the parts of the moulds is 
varied accordingly, either by means of thicker metal near the thicker parts of the 
glass, or by making those parts of the mould of a better conducting material than tho 
parts next the thinner portions of the glass. The moulds, too, must be kept at certain 
lumporaturos, varying according as tbo nature of the glass requires that thojy should 
bo cooled to a greater or lesser dogroo. In ordinary practice, however, it is found 
that cast-iron moulds maintained at a temperature of boiling water or thereabouts, 
and oarthonwaro moulds kept quite cool, yield very satisfactory results. TLe liquid 
glass may bo conveyed direct into tho moulds, or may be taken from tho melliug 
furnace on the blower's pipe, and shaped in tho mould ; but it is preferable to heat 
tho articles after shaping or partial shaping before pressing and cooling them. This 
part of the process introduces the difficulty of keeping the articles in shape, and it is 
overcome by Herr Siemens by means of casings or shells of platinum, such shslls 
being transferred to the mould with the glass to undergo the pressing and hardening 
process. The heating ovens may be of any suitable construction ; but Herr Sibmbms 
prefers to employ regenerative gas mu£Se ovens, heated under the floors and over the 
cro^s by the flames of gas and air, which pass from one set of regenerators to another, 
which latter becoming sufficiently heated, the currents are reversed in the well-known 
manner of alternated working. The muffle being completely closed in, the articles are 
protected from dost and other impurities, which in the open fhrnaoe aro apt to settle 
on and daman the surface of the glass. 

The lower nalves of tho moulds ore mounted on trucks or hand carriages, and are 
run up to the furnace mouth or the oven as the cose mav be; and, having received the 
glass, ore run under the respective upper halves, which may be loaded to give the 
desired pressure. Tho temperature of the moulds is kept at the required mint by 
supplying them with liquid, and water iit the boiling point is found to be well suited 
for the purpose. Herr Siemens claims the process described, of producing hard-pressed 
glass by treating it whilst heated in moulds at a lower temperature, whereby it is simul- 
taneously compressed and hardened. He also claims tho use of moulds Wing parta 
of varying thinness, or of different materials having various degrees of conductivity. 
A separate claim is also made for the use of tho platinum moulds to maintain the 
ortioles in shape whilst being heiited in the muffle. 

There cannot be much doubt that the difficulties connected with these pzoeosiea 
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will be OTereome by careful attention to all the conditions invdlTed, and that eveAtu* 
ally the process of toughening glass will be one of consid^ble certaidly. 

Aucx. BArnn prepares haid or toughened glass by heating ordinary glass plates 
so strongly that they begin to bend from softening, and then dipping them into 
fused paraffin at 200*’. The hot softened plates must not be cooled continuously 
and slowly, ns is ordinarily done, but to a certain degree quickly, and then gradually. 
If the cooling be effected in this manner, it is impossible to cut the resulting glass 
with a diamond. With the hardness, the density also of the glass has increased from 
2’420 to 2'438 of ordinary to 2460 to 2*468 of the hard glass. Baubr says: *lt 
cannot be denied that the glass thus treated, though rendered more suitable for a yfi ,\ iety 
of purposes to which it could not be previously applied, has become unsuitable for 
many other purposes. These glasses may be thrown repeatedly on the ground with- 
out fVacture, but if they do break they fall into a multitude of small, sharply ungnlar 
fragments, and if the o^e bo cut with a sharp file they are liable to fall to pieces with 
a slight blow at any time.’ 

MM. y. DK Lutnbs and Ch. Feil have instituted some researches on the hardened 
glass, which they published in the Comptes Rendus, and which deserve attention. 

On attempting to cut a piece of harciened glass either with the wheel, drill, or file, 
it almost invariably bursts like a Kttprrt’s drop. A disc can, however, be drilled 
at its centre without fracturing; but it breaks if pierced at any other point, or if an 
III tempt is made to saw it across any diameter. A square of hardened glass shows, 
when examined by polarised light, a black cross, the branches of which are parallel to 
the sides of the square ; it is always possilde to divide the plate according to theso 
directions without breaking it, but any attempt to cut the glass beyond those lines, 
whether in a parallel or transverse direction, results in its fracture. The broken 
fr.igments are always arranged symmetrically with respect to the point at whicK the 
equilibrium was first disturbed. 

Wlien the two halves of a square of glass which h.is been thus divided are examined 
by polarised light, bhick bands and coloured fringes are noticed, the arrangement uf 
which shows clearly that the molecular condition of the pieces is not tho same as was 
tliat of the plate boforo section. By placing tho pieces directly above one another the 
fringes and black bands disappear, but by rotating either piece through 180 degrees 
tho bands reappear, and then present the normal aspect of a plate whose thickness is 
equal to that of the whole arrangement. Hardened glass does not differ much in ap> 
pearauco from gl.iss that has been annealed ; but in the former the presence uf air- 
bubbles, which uilen are of considerable size, is more frequently seen than in the 
III tor. Very different opinions having boon expressed concerning tho origin of theso 
bubbles, MM. db Luynes and Fril wore induced to study them. 

Experience showed them that these bubbles are produced suddenly at the moment 
of hardening, and with glass apparently quite homogeneous. They seem to disappear 
again on annoiiliug, but by means of a lens they cun be seen as exceedingly small specks, 
occupying tho same position os the original bubble. On rehardening the glass they 
expand to their original volume. A block of hardened glass was taken, containing 
several bubbles, the positions of which were marked ; the glass was then annealed, in 
firder that it might bo cut, and the part containing bubbles was separated from that 
which contained none. The different fragments were then rohardened. The bubbles 
always reappeared where they had been originally noticed, but no bubbles were 
generated in those portions which wore in tho first instance free of them. It appeared, 
therefore, to be proved that the bubbles arose from the dilatation of very small 
quantities of gaseous matter existing in the original glass, and the process of hardening 
only developed them. These bubbles certainly appear to prove that the process of 
hardening produces a new molecular arrangement. 

Experience has shown that the toughened glass is liable to sudden rupture under 
circumstances which have not been explained. The following communication was 
printed in the Times of October 12, 1876: — 

' A singular instance of the behaviour of tempered glass comes to us from Mrs. 
Nassau Senior, who writes to say that on tho 11th of lust month she furnished 12 
gas-burners with tempered glass glolies purchased in London, and having the veritable 
label of M. DK LA Bastih affixed to each. Two of these globes were fitted on burners 
in her bed-room, and on the night of the 6th instant, after the gas hod been extin- 
guished for exactly an hour, one of the globes burst with a report and fell in pieces 
on the floor, leaving tho bottom ring still on the burner. These pieces, which were, 
of cuurse, found to be perfectly cold, were some 2 or 3 inches long and L inch or so 
wide. Curiously enough, they continued for an hour or more splitting and sub- 
dividing themselves into smaller and still smaller fnigments, each split b^ng accom- 
panied by a slight report, until at length there was not a fragment larger than a hasel- 
nut, aud the greater part of the glass was in pieces of about the size of a pea, nnd of a 
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crj8taUiD6 finm. In the monuDg it was found that the rim had fallen from the burner 
to the floor in atomf. It is intoreetiug to note these fhcte, as they indicate that tho 
tempering prooeee oilbcU gfesM in a must peculiar manner. It would appear desirable 
that an. exhaustive physical investigation should be made in respect of this singular 
material.’ 

Another correspondent writes on October 14 : — 

* My experience of tempered glass is much the same as Mrs. Nassau Senior’s. I 
purcliased 6 tumblers made by a Loudon manufacturer. Five of them are perfect, 
and are as clear and as well made as any glasses can be ; but the sixth crumbled to 
pieces like small diamonds. At the time it broke there was only cold water in it.’ 

The liability of some glass wares to fracture has been made the subject of a careful 
study by M. Uaobnbacu, who states that the liability of some glass wares to fracture 
suddenly, without obvious cause, when exposed to small changes of temperature, and 
vhich depends on unusual degrees of expansion on the inside and outsiile of the ob* 
jecis, may be detected by examining them with polarised light, when they exhibit a 
more or loss brilliant display of prismatic colour. In glass that has broken in this 
way the pocnliarity is generally observable. On tho other hand, the examination of 
a largo collection of glass vessels of good temper, which had stood the test of long 
wear, proved that very few indeed displayed any traces of colour when viewed by 
polarised light. 

SXBOATATZOXf. The exportation of glass from Great Britain for 
the last three years has been — 


Kiud of Glass 

Quantities 

Value 


1874 

1876 

1876 

1874 

1875 

1876 

PlatA, rouf^li or pllvort«d, Indu- 
dlug looki/ifj'-glassoii or imr* 
ton- franiod tjr not (sij foci) . 
Flint at all kinds . (owt ) 

Bottles, nnd niunufnrturps of 
green or oommon gloss (iwt.) 
Other meuiufactuio unonume* 
rated . . . (owt ) 

1,411,208 

101,7«2 

800,822 

121,009 

1,600.180 

104,670 

661,883 

114,624 

1,780,818 

00,874 

667,388 

02,076 

£216,606 

803,487 

463,626 

200,797 

£210,011 

814,210 

866,010 

176,088 

£107,404 ^ 
266,400 

811,688 

142,619 


0X^88, CHZSrSBlI* Several masses of glass of Chinese manufacture were 
examined by W. Kulmann, and from these Uio iollowing results have been selected; 
100 parts of the glass ware dried at 110° C. contained — 


Silicic acid . 

Alumina 
Ferric oxide . 
Manganese oxide 
Lime . . 

Magnesia , 

Potash . , 

Soda , 

Loss . • 


1st Quality 9nil Quality 
. 7800 74-19 

. 13-17 13-77 

. 0-09 1-26 

. traces 1*03 

. 0-74 1-60 

• 0-23 traces 

. 2-60 3-01 

. 2-82 2-84 

. 2-60 2-66 


Dinol. PolyU Jour. eexx. p. 466. 

OXiMB, nuow, ita permeahUUy to the Chemical Tfays.— There is generaUv 
a slight mistake in regard to yeUow glass. There is no yellow gloss coloured 
throughout the bodv with chloride of silver. Tlio silver is never used except as a 
stem upon the surface only, and the glass is called lemon, yellow, orange, or red 
stained, according as a greater or less proportion of silver is used. We use carbon, iron, 
or some other colouring material when we wish to colour the whole body of the glass, 
and then it is called pot metal. 

It is found that no yellow glass admits the yellow ray only. In any experiments 
with spemmens wl^h have been mode in tho clear skies of America, all the yellow 
glosses admit a sufficient amount of actinic influence to blacken the sensitive paper 
tieneatn them, and therefore photographers should be warned against their use, and 
rewmmend a double thickness of orange. Red, of course, is the most non-aotinic, but 
It is too dazzling for the eyes. 

The mistake about the actinic or non-actinic power of yellow glass (which is a very 
common one) may arise, or may have arisen in England, from the fact that a much 
WBger time might elapse before the darkening of the sensitive paper beneath it 
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in America, because of the sometimes cloudy and murky atmosphere which bangs otcf 
Uie city of London and other cities of England. At any rate, the following appears 
to be uie order in which coloured glasses stand in stopping tack the ohemicid rays : — 

1. Bed. 

2. Orange. / Orange and green are about of equal power. Some green glasses 

3. Green. 1 cast off a little more than some orange. 

4. Yellow. 

6 . Violet. 

6 . Blue. 

CIULBB-SXJLCI. — Mr. Bashlet Britten, of Bed Hill, Surrey, has drawn at> 
tontion to the UtUtsaiian of Blast Furnace Staff, iv^h its Heat, for the Manufacture of 
Glass, The chief points ore stated as follows : — 

* In order to produce the glass described by the author, the slag can be used in its 
heated state just as it leaves the blast furnace. He showed that 175 parts or tons of 
glass would ^ produced with the following economy. One hundred tons of it would 
cost an ironmaster nothing. Instead of tho labour of mixing and handling in tho 
usual way, the whole quantity of the material, only 76 tons, would have to be lifted 
into tlie furnace. The only ingrodionts to bo bought are 65 tons of common yellow 
or red sand, to bn had anywhere at a mere nominal price, and 10 tons of common 
sulplmte of soda, which may be bought or made for about 20s. per ton. The nocossary 
fuel would be limited to what is ne^od beyond the surplus heat of the slag to niiso 
only three-sovonths of tho glass to tho required heat ; and it is a question whether 
tho greater part of even this might not be saved by bringing down some of tho spare 
gust s from the blast furnace and employing thorn with regenerators ; if nt'cdod, tlioy 
could oasily be enriched with a little added carbon. Against these items there would 
bu a set-off for the cost of removing tho 100 tons of slag, which must otherwise b() 
thrown away. Besides this, another and considorable saving would arise from the 
wear and tear of the glass furnace being lessened, in consoqnonco of four-sevonths of 
the matorials going into them being already fhsed. Under such circumstJincos, tho 
total cost of the glass in a molted state ready for working is soon to be so extremely 
small that it is hardly safe to venture to express it in tiguros ; it scarcely amounts to 
the value of tho commonest bricks per ton. A cheaper glass than oven this can bo 
made by using a larger proportion of slag and loss sand, thereby necessitating loss 
fuel to effect combination. In fact, the slag from some ore is sufficiently silieious in 
itself to be converted into a black, or dark green, or amber glass. With tho simple 
addition of soda and a little arsenic, which are taken up immediately, it becomes 
transparent and perfectly workable, and would be usofhl for many purposes, such us 
slabs, tiles, or other things for outdoor work ; but it would not do for bottles or iiny 
utensils for holding powerful acids, as its want of silica renders it liable to be cor- 
rodod. It need hai^y be stated that glass of much superior quality to that indicated 
above may be produced In regard to all other essentials, such as clearness, brilliancy, 
strength, plasticity in working, power of resisting acids, and the capability of being 
cut with the diamond, it may be mode equal to any other. The practical question 
has to bo considered of liow far it is possiUe to combine the manufacture of glass and 
iron without in any way interfering with the necessary continuous operations of the 
blast furnace, for this, ns a matter of course, is absolutely essential. Blast furnace 
works, where pig iron only is mode, frequently stand in pairs hi isolated situations, 
with plenty of space around, on which glass-works may 1^ erected on any scale ; and 
in many instances they might be built close up to the sides of the fhmacos, and ex- 
tending lutorally away from the pig bed. In that case tho slag might be run directly 
into the glass ftimace, on the well-known plan of Mr. Siemens for continuous founding 
and working. Where there is insufficient room for this, the glass-works might be at 
some distance, and the slag could bo collecttti and conveyed to them in a state of 
fusion in large covered iron ladles on wheels, similar to those used in some Bessemer 
steel-works, where the molten iron is carried upwards of a mile to be poured into tho 
converters. These observations are founded on the results of a lung series of experi- 
ments extending over tho greater part of the last three years, in which the author 
has endeavoured to test, in ever^r way ^en to him, the soundness of his conclusions 
before submit tin^ them to criticism. The glass thus made can of course lay no claim 
to high quality in point of colour ; still this is its only inferiority, and no doubt it 
may bo improved in this respect.* 

aU.01AMIVM. In March 1876 a ‘riuk* was opened in Chelsea, the floor 
thereof being formed of real ice. Since that time the floating-bath on the river 
Thames has been placed in the hands of Mr. John Gamoeb, and he formed there 3,090 
square feet of solid and transparent ice. 

Tho general principles of the glaciariura are as follows:- They consist of tho circu- 
lation of a current of glycerine and water tlurough a series of motal tubes immersed iu 
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water, which is conTWted into ice and miuntained in that condition. There are two 
ice machines with tlie necessaxy engines, one at eaoh end of the bath. Each machine 
Hbsorbs over 100,000 heat-units per hour, and it is stated that this immense effect is 
obtained by utilising about 6 horse-power per machine. The water of the Thames, 
at a temperature of about 40^ or 42° fahr., pumped freely through the condenser, 
niaintuins the pressure in the machine at a minimum of one atmosphere and throe- 
ij'iarters, whereas the pressure in the refrigerator is only nominal, and corresponds to 
the temperature of about 0° Fahr. A rotatory pump drives about 4,000 gallons of 
glycerine and water per hour through each refrigerator, and this cold liquid traverses 
through the tubes of the glaciarium, and water outside them is thoroughly frozen. 
The special difficulties in maintaining congelation at the Charing Cross baths arise 
from the groat radiation from the iron structure, which is caused by its immersion in 
tile winters of the Thames, and by the extensive area of glass roof covering the whole, 
which great ly raises the temperature of the internal atmosphere, and is antagonistic 
to the durolopmont of iirtiflciul refrigeration. The desired result, however, has been 
attained, and ice 2 inches thick has been formed and skated upon. The machines 
.u't us Uiiis. One supplies each alternate tube of 115 foot in longth, and the glyco- 
riiio, having passed through this, gravitates into the other machine, and, having been 
ooiidiKtod through the refrigerator, passes back through the adjacent tube. In this 
w.iy Mr. Gamoub secures what ho terms his * direct alternative ’ circulation, which is 
the spc'cial inipruvemciit in the Floating Glaciarium. Each machiuu is capable of 
controlling the entire circuit of pipes, so that, in the event of one tailing, the other 
oiihuros the coiiti nuance of the prix'ess of congolatiun. It has been demonstratod, in 
f.ict, during the process of umkiug the ice, that ouo machine is about sufficient to 
absorb the heat of radiation, wliicli is exceptionally groat in the floating structure. 
There is over a mile of wroiiglit-iron flat tubing, which has been miulo under a very 
perfect system by the Mhi'Al Tuiik Company. The frceziug-miichines have been 
constructed by Messrs. Kaoul, Tuitut and Company, tho patentees of liquid sulphu 
runs acid, with whom Mr. Gamobe is in co-operatiun. 

It will be unden'tuod that the glycerine and water solution is kept at a low tem- 
porature by meaus of liquid sulphurous acid, which is constantly circulated between a 
reirigeralor ou one side and a coiidouser on the other, by means of an air-pump placed 
botwoon tho two, and drivim by a steam engine. This result will be moro clearly 
undcr<itood if we mention, that, us stated by Mr. Gamobe, for tlio maintenance of a 
riuk having about 1,0U0 square yards of surface, with a vacuum machine, about 15 
tons of coal per day will have to bo used, while liis present machines only require 
from 2 to 3 tons to do the aime work. If such bo tho result in practice, it may fairly 
bo anticipated that a considerable impetus will bo given in tho industrial arts to those 
processes and manufactures involving artificial refrigeration. Thus, for instance, in 
breweries, for every gallon of liquor cooled down by the machines at present in use, 
6 or 8 gallons may probably bo cooled by the novel expedients science has suggested. 
The physical change from tlio liquid to the gnseoiis condition is that which produces 
iuteiise cold, as in the case of other. But the reason why the apparatus is now 
worked more economically is that the expansion from tho liquid to the gaseous stats 
involves an increase in the volume of tho present agent equal to only about one-tenth 
that of ether. A special feature with regard to the rink is the equable cbaractox of 
the circulation over the whole surface and the absolute abstraction of heat at all 
points. See Kbfbigbkators. 

OliOironnTB. A name given to one of the many preparations, similar to 
dynamite, which ore made by causing some absorbent body to become saturated with 
nitro-glycorine. It is spoken of os being a very powerful explosive agent. 

OliOlf 0X1^0 III OF. A name occasionally ^ven to nitro-glycerine. 

O&VB, CnOMATBB. If a solution of the bichromate of potash be mixed 
with glue or gelatine, it forms an excellent cementing material. The mixture is kept 
from the light till required for use, and the two surfaces of a fracture are coated with 
it. and then pressed or fastened together with a string. Placed in the sunshine, the 
bichromated glue soon becomes hard and insoluble, and after a few hours the broken 
olyect is found to he firmly cemented. If the work is done neat ly tho crack is scarcely 
to be seen, and even hot water will fail to dissolve the glue, which has been rendered in- 
soluble by the light. Ohrome glue may also he used to prepare waterproof articles, the 
material being stretched, coated two or three times with tho solution, n nu exposed to light. 

This is the result of peculiar conditions which woro first observed by Mr. Mongo 
Ponton, who introduced the use of the bichromate of potash in photography. 
Mr. RoBBitT Hunt a short time after published liis process, which ho called ‘ the 
chromotype,’ which was the original of all the proces<iCH in which tho peculiar action 
of chromic acid upon organic matter has boon made available in the arts. See Fuoto- 
OBAPHY. 
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OXiTCaRnr, OBTSTAUZsan. Dr. Paul F. Vax Hamel Eoob read before 

the Ohemical Stxjicty a paper on a peculiar solidification of glycerin, of which he haa 
fitTonred us with tlie following account : — 

‘Two months ago I had the opportunity of observing in the chemical works 
of Messrs. Dunk and Company at Stratford, a quantity of 66 lb. of crystallised 
glycerin. 

* The crystallisation seems to have been induced by the movement of the railway 
and by the cold of the first days of January of this veur. The specific gravity of this 
glycerin was found by me at its melting-point, 60^ Fahr., 1'261. 

‘ The crystals are monoclinic, perfectly colourless, and of a f>ure sweet taste. By 
putting some of the crystals into ordinary good gljrcerin, magnificent crystals begin 
to develop, most of the impurities remaining in the mother liquor. 

' When the crystals are melted at a very gentle heat, not exceeding 70°-80** Fahr., 
and afterwards exposed to a cold of 80° Fahr., a very small cp^stal of crystallised 
glycerin is sufficient to solidify all the liquid. When the liquid is kept for some time 
at 24° Fahr. the solidification is spontaneous, but moving the liquor vigorously seems 
to be indispensable to the solidification in the absence of a nucleus crystal. 

‘ With regard to the fermentation of glycerin, it is mentioned by Professor Rbdtbn 
BAC iiuK, about 20 years ago, that there are two different sorts of fermentation de- 
pending on the temperature. At 60° Fahr. the results of the fermentation were 
propionic acid, at 100° Fahr., alcohol, and butyric acid. 

‘ As it WHS mentioned that the fermentation soon strips and leaves a certain amount 
of unchanged glycerin, it was very probable that this fermentation was duo only to 
certain impurities which were contained in the glycerin on which Professor Rbutun- 
jBACiiKit experimented. 

* To determine this, I took 36 grams of crystallised glycerin, 60 grams of disfMled 
water, and 5 grams of washed German yeast, and mixed the whole well together. I 
also took the same quantities of rq/vited commercial glycerin (sp. gr. 1*248), distilled 
water, and German yeast, and exposed both to a temperature of about 66°-60° Fahr. 

* To determine whether the yeast was active or not, 1 mixed a few grams with an 
aqueous solution of sugar, and exposed this mixture at the same temperature. 

‘ Since February 28 of this year (1876), both samples of glycerin failed to show the 
least trace of fermentation, but a few hours after the contact with yeast, the sugar 
showed a violent fermentation, as a proof that the yeast was quite active. These 
experiments are still going on, and as soon as 1 obsorvo any alteration in either 
sample of glycerin, I hope to rc'port it. 

‘ As it is suggested that hydrocyanic acid is a test for the purity of glycerin, I 
compared the action of this acid on Februai^ 28 on two different samples of refined 
commercial glycerin (sp. gr. 1*248), and cn melted crystallised glycerin, but up to the 
present time no alteration in colour or other visible change has taken place. 1 took 
for those experiments 2 ozs. of glycerin and about ^ os. of hydrocyanic acid (6 per 
cent.). 

‘The solidification of the glycerin seems to depend especially upon its being per- 
fectly pure and anhydrous. 

‘ The least quantity of water or any other impurity hinders the crystallisation. 

‘The crystallisation does not seem to be induced by putting into refined commercial 
glycerin, crystals of other substances of the same system as crystallised glycerin, but 
my experiments in this direction are not yet finished. The crystallisability of the 
glycerin seems to be the liest test for its highest purity, and at the same time a means 
of separating ordinary glycerin from almost all its impurities.' 

460&B. The production of gold in the globe from 1862 to 1876. Extracted from 
the Journal Officicl de la R^ubligue f^angaise for June 1876 


1862. 
1853 . 
1864 . 
1866 . 
1866 . 
1857 . 
1868. 
I860. 
1860 . 
1861 . 
1862 . 
1863 . 
1864. 
1866 . 


012 millions of frimes 


773 

636 „ 
076 „ 
738 

666 

622 

623 

596 „ 

667 

637 
623 
666 
600 


II 

II 


II 


•I 

II 


II 
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18M. , 




. 606 millions of francs 

1867 . . 




. 680 

» » 

1808 . 




. 600 

>1 II 

1809 . 




. 605 

II II 

1870 .• 




. 580 

II 11 

1871 . 




. 680 

II II 

1872 . 




. 673 

II II 

1873 . 




. 618 

II II 

1874 . 




. 452 

M •• 

1876 . 




. 468 

• I II 


Totftl 14.618 milliong of francs 
£548,175,000 slerliiig. 

The pmhiL'lion of gold in the world in 1876 being, according to this return, of the 
ralno of 18,300,000/. bterling. 

(loi.n IN Afkica.— For a very long {leriod an idea has prevailed in Europe that 
parts of the interior of Africa contain gold, and it is not altogether improbable that 
this idea had its origin in facts which have now become too remote to trace. For 
smee the traders in ‘gold, frankincense, and myrrh,’ dow'ii to the times of the tribes 
of Arab traders, previous to the discovery of the Cape of Good Hope and the occu- 
pation of its coast by the I’orluguese, it is believed consiilorable quantities of gold 
wore obtained from those jiarts. Imlcod, so prevalent was the idea that the interior 
of Africa contained some ‘El Dorado’ at trio time of the discovery of the Cape of 
Good lfof)o hy the Portuguoso, that it formed the principal inducement under which 
the Portuguese were led to occupy the east coast, from thence to make their explo* 
rations into the interior in search of the precious metal. 

Thoy soon hit upon ‘ sites ’ from which the natives liad ohbiined gold in the country 
a little south of the Zambesi, but they found that, although gold existed, it only 
occurred in comparatively small quantities in the alluvial, and what occurred in quartz 
reins was not abundant enough to satisfy their expectations. Thev soon abandoned 
their stttlomont in the interior nnd retired to the eoast, which they have occupied 
t ill now, and ooustitutod themselves at once a harrier to civilnation by securing n 
monoiKily of all the n.itivo products in those parts. In more recent years travellers 
have penetrated into the interior from the much more distant const of the British 
possessions in South Africa, nnd have found the auriferous districts which the Portu- 
guese attempted to work for gold, but subsequently abandoned. These travellers 
state that the country bears evidence of being occupied at one time by a race much 
more civilised than tho existing races, and that auriferous workings exist of much 
earlier date than those of the Portuguese. But those statements must be received 
with considerable caution, for the country is still very little known to Europeans, 
and it is not to be supposed that those who have visited it, chiefly missionaries or 
hunters, are all qualifl^ to report on the mineral resources of it. This much, how- 
ever, is certainly known. Gold exists. A coinimny in this country is in possession 
of a concession from the chief of Matabele country for working for gold. Machinery 
has been forwarded for crushing and other working purposes, and has reached as far 
as Natal for transportation to the mines, when circumstances arose which forced the 
company to postpone their opemtions, the chief of which was the death of their 
principu agent, who had been foremost in obtaining the concession from the native 
authorities, and wlio was the only one who had obtained their confidence. 

As, however, the country becomes more settled through the growth of civilisation 
and good government from the coast towards tlie intenor, there remains strong reason 
to presume that these districts will produce gold in considerable (mantities. 

Further south, in the north-east part of tho territoxy of the Transvaal Republio, 
gold has been discovorod, and for the last four or five years has been worked without 
intermission, although at present the number of workois has been considerably 
reduced, principally on account of the unsettled state of the country, and of the un- 
fortunate misunderstandings which exist between the Dutch ‘boer ’ government and 
the natives, which at last culminated in open war. This auriferous district ia 
situate about 100 miles north-east of Delagoa Bay, and this too will, no doubt, 
sooner or later, when the country is more settled, and communications opened with the 
coast through Delagoa Bay, instead of the only available but ci^uitous route by 
Natal, become proactive of considerable quantities of the precious metal. For, 
although up to the present time the principal part of the gold which has been obtained 
from these tracts has been alluvial, still the country contains numerous quartz reefs 
impregnated with gold, one of which has already received the attention of nn English 
company, who have erected somt* expensive machinery for crushing purposes. Abuii* 
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dADca of che^ labour exists in these tracts, and the climate is well adapted for 
Kuropeans. This auriferous region only requires the direction of European capital 
and enterprise to demonstriito its worth. But before it can reeeiya tlw attention it 
deserves, it is necessary that the weak government of the Dutch Be^blic, and that 
too of the native chiefs, should be substituted by a government sufficMently strong to 
. command the respect of both natives and Europeans, and one under which life and 
property will be considered secure. It is necessary, too, that some port on the east 
const nearer than that of Natal should be made available for purposes of transport, 
Dologoa Buy being at present out of reach, on account of its being surrounded oy a 
belt of country infested with a peculiar ‘ fly,' whose bite is considered fatal to 
bullocks ; these being the only animals used for pur|>oseB of transport. 

A railway line would obviate this difficulty, and is considered not at all impracti- 
cable. One has already been projected, and some kind of treaty been made between 
the Portuguese Government and that of the Transvaal with a view to its being carried 
out ; but it is doubtful if the enterprise of the latter will be found equal to the 
undertaking.— S. O. 

Since the above was written the Transvaal has passed under British rule, conse- 
quently important changes may bo shortly looked for. A geological survey has been 
already commenced, and a mineral surveyor has been sent into the country. 

Gold is mined for at Leydenburg and Eorstoling, in the Transvaal Kepublic. The 
rocks in which it occurs are generally barren looking, and vary very much in stripe. 
The alluvial gold at Leydenburg has doubtless boon supplied from two dilTereut 
sources. It is coarse and nuggettv as a rule, well rounded, and generally coated with 
oxide of iron. Lumps up to 10 lb. weight have been found ; it is of good quality, 
worth from 76 to 80 fr. per ounce. The auriferous rocks at Eersteling are steatiLo 
and chloritic schist resting on gneiss, and overlaid by rocks which at Leydenburgvwro 
auriferous. — E. J. Dunn, Further Notes on the Diamond Fulde of South Africat 
Geological Society, June 1876. 

OOXA JLltlaOHB, Comportment qf certain allops under the action of the blow- 
pipe. 

Gold and tin (placed together on charcoal and subjected to the action of a reducing 
flame) unite quietly into a very brittle globule. 

Gold and einc do not combine per ee. The zinc burns into oxide. 

Gold and lead combine quietly, forming a grey brittle bead. 

Gold and thalhum unite quietly, but sejtarato again to some extent during cooling. 
If the metals remain united, the button is dark blackish grey, and quite brittle. 

Gold and bismuth unite quietly and readily, forming a very brittle globule. 

Gold and copper nnUgold and silver unito and form a malleable globule. The last 
is ‘ EUctrums! see. — ^Professor E. J. Chapman, Fhil. Mag., Docomber 1876. 

OOX)9 AMAXiCMLMATXOirBi In connection with Fiuitms (vol. iii. p. 673) 
some notices have been given respecting the best modes of treating sulphur ore for 
‘ the precious metids. Mr. B. BuouaH Smyth, in his Pnigress Report on Victoria, 
gives the following notice, and appends Mr. Cosmo Nfwbeby’b notes on the 'amalga- 
mation processes ; ’ — 

* In too many cases that have been brought before the Mining Department there has 
been a well-founded suspicion Unit lead and other base metals have boon thrown into 
heaps of quartz prepared for the mill, with the intention of causing a loss of gold. It 
must be remembered, however, that in some of our quartz veins native silver, native 
copper, native antimony, and bismuth occur, and these may so reduce the value of the 
amalgam, or interfere with amalgamation, as to lead to the inference that there has 
been neglect or a fraudulent attempt to cause loss to the quartz-crusher. 

'Native lead and native cupper occur with gold in tho washdirt of the deep leads, 
and rolled fragments of sulphide of antimony have born found also in tho same 
deposits. Native zinc, too, it is said, has been discovered in the allnviums. These, 
undoubtedly, have been derived foom veins of quartz, and as the sulphides of lead and 
copper, as well as the metals, are not rare in the veins, it is necessary to use caution 
in investigating the causes of the contamination of amalgams. 

‘ Mr. Cosmo Newbery's notes are yoluablo and very interesting, and I give them 
here in his own words. He says : — 

* " On several occasione I hare had to examine gold and amalgam samples which, it 
was supposeeb had been fraudulently contaminated with a base metal, with the view 
either of deceiving tKe gold buyer or of causing a loss of gold and mercuiy during the 
operations of crusning and amalgamation. In most of tlieso instances the probability 
was that the alloys were accidentally pnaluced, and that tho sole cause of their forma- 
tion was due to n want of knowledge as to the composition of the minerals associated 
with the gold in the quaru, and the results of the methods of treatment adopted upon 
these minorala 
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notafllnaT, therefore, be intereeting to minen and quarti-oniBhers. 
Most the &ote etated are kinown to chemists and metallnrgiete. 1 can claim novelty 
for a fefw only. 1 have, however, vorifled all the statements by actual experiments 
with auriftro^ materials from our goldflelds. 

* " The base metals found on the occasions referred to above have been arsenic, 
antimony, bismuth, copper, iron, lead, and sine. 

f ** Arsenio.-^Native arsenic has not been found in the ores of the midfields of 
Victoria, but this substance occurs largely in combination with iron and sulphur, in 
arsenical pyrites also, as arseniates of load, copper, and iron. From any of these 
minerals it may be easily set free in the roasting furnaces and quarts kilns, especially 
the latter, owing to the fuel, and reducing gases produced by imperfect combina- 
tion, coming in contact with these ores. When tne arsenic is thus set free, it passes 
through the furnace as vapour, and is readily taken up by the gold that may be pre- 
sent ; for when gold is heated to redness, or any degree between that and its melting- 
point, it takes up arsenic, with which it forms a grey, easily fhsible, brittle alloy ; 
even when the arsenic is not in sufficient quantity to change the colour of the gold or 
its fusing point, it still renders it very brittle ; one-thousandth part renders gold so 
brittle that it may bo ground to a powder. Gold containing arsenic is more difficult 
to nmalgamate than pure gold. If much arsenic is present, the amalgam is powdery 
and black, and fionts on the surface of the mercury ; the black colour is due to the 
separrition of arsenic. This black powdery metallic arsenic does not unite atordinair 
temperatures with mercury to form an amalgam, but it mixes with it, coating each 
globule with the black powder, thus preventing their uniting with each other, or, in 
otlier words causing the mercury *to flour.' IF^inm amalgam aids the union of mer- 
cury floured by metallic arsenic ; but if arsenious acid (common white arsenic) is 
present, it reduces it to the state of metallic arsenic. 

* “ Arsenical pyrites act seemingly in the same way as metallic arsenic with mercury ; 
when ground with it, a largo amount of black floured mercury is produced. If tne 
pyrites is partly dccomposod, this action is more energetic than with the original 
mineral. 1 could detect no actual combination with the mercury. The black coating 
was examined under the microscope, but only seemed to bo a mixture of pyrites 
grains and globules of mercury, both very finely divided. When mercury covered 
thinly with this black coating is warmed, the coating is absorbed into the mass, and 
is liberated ogaiii as the mercury cools. 

* " Aniimony . — This metal occurs native at Maldon. In combination with sulphur 
(stibnite, grey antimony ore) and as oxide of antimony (Cervantito), it is found in 
many auriferous quartz veins, as rarer minerals such as white antimony (Valentinite), 
red antimony (kermesite), and in some of the more complex minerals sneh as tetrahe- 
drite and Buulangorite. 

‘ “ From any of those the metal may be obtained during the process adopted for 
extracting gold from the ore. If antimonial ores are burnt in kilns or roasted in a 
furnace either for the purpose of rendering the quartz more friable or for getting rid 
of the antimony minerals, there is always a partial reduction unless the heat is very 
groat and free access given to atmospheric air. This reduction of the ore producing 
metallic antimony is duo to two causes— (1) the carbon of the fuel coming in contact 
with oxide of antimony, either native oxide or that produced in the furnace by the 
oxidation of the sulphide, reducing it and producing metal ; or (2nd) by the action of 
the oxide on the sulphide, producing sulphurous acid and metallic antimony. 

* Metallic antimony has a great affinity for gold. It forms an alloy both when the 
two metals are melted together, or when the vapour of antimony is passed over 
hwted gold. The alloy produced is grey in colour and very brittle, and amalgamates 
with mercury only after long contact and continual grinding or by heating the two 
together. The amalgam when formed floats on mercury and gradually gives up * 
metallic antimony, as a flue powder when agitated with water. This antimonial 
powder carries off a quantity cf mercury and gold amalgam entangled with it. 

* « Sulphide of antimony is perhaps the worst mineral with which the quartz-crusher 
has to deal. It divides the mercury into a black ' flour ’ oven more quickly than 
arsenical pyrites, and if this ‘ flour * is triburated with the intention of bringing the 
globules of mercury together, a chemical combination takes place. The mass squally 
changes colour, passing from the original blue-black or dark-grey to a pure black and 
then through brown to a brown-red. Upon examination I found that the remaining 
mercu^ contained antimony, and that toe brown-red non -metallic portion consisted 
of a mixture of undeoomposed sulphide of antimony and sulphide of merouiy. 

* " Sodium amalgam was found to be worse than useless in bringing the globules of 
mercury, floured by sulphide of antimony, together. When only containing a small 
pwoentfiM of sodium it had no action, and when made stronger (sufficient sodium to 
cause only a slight evolution of hydrogen when the mercury was placed in water), il 
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deooinpoted, the sulphide of antimony forming sulphide bf sodlt^^ira analgoiti of 
antimooy and mercury and sulphuretted hydrogen. Si^um amalgam also redness 
the metal from oxide of antimony. 

* **lf sulphide of antimony is fused with finely divided gold a portion of the gold 
entexe into chemical combination with the ore, and is dissolved with the sulphide of 
antimony in alkaline solutions. Oxide of antimony has no effect on mercury or 
anin.lOT. m. 

— ^This metal is much rarer than either of the two previously noted. 
The only occurrence of interest is at Maldon, where it is found as metallic bismuth, 
sulphide of bismuth, and an alloy of bismuth and gold. The sulphide of bismuth 
contained a large percentage of gold intimately mixed but not chemically combined 
with it. 

* *' Bismuth alloys readily with mercury, but does not seem to be so detrimental as 
arsenic or antimony. The sulphide causes the silver to separate into * flour,* and 

S 'ves rise to lues in the same way as other sulphides. The sulphide of bismuth from 
aldon, though rich in gold, did not give it up to mercury when triburated with it. 
An assay by Mr. 0. Hulk gave 20 per cent, of gold. 

* “ Copper.- Native copper occurs in many of the quartz veins in the alluvial drifts, 
and in some of the rocks through which the quartz veins pass. Sanqiles of this 
clayey ruck from £gorton and Blackwood had the appearance of surface cla 3 's per* 
meated with thin rootlets, the copper passing through them in all directions us thii. 
threads. From such sources copper may bo iiccidenUlly introduced into tho crushing 
mill. Another constant source of copper is from the general woar and Lear in the 
mine, &c.— copper tamping bars, tiicks from tlie pump valves, ami oven the detona- 
ting cap used fur firing blustiiig compounds. But from whatever source the metal i.h 
derived it is not injurious except so far as it reduces the sbindai'd of the gold with 
which it is alloyed. On the other hand, it may, by becoming amalgamated, isid in 
the collection of flue gold and divided mercury, acting in fact in the same way as 
copper plates. 

‘ “ Iron, — Under ordinary circumstances iron does not amalgamate with mercury, but 
as I find metallic iron in nearly all samples of dirty amalgam and mercury, and some- 
times in samples of impure gold, 1 have included this metal in the list, and give the 
conditions under which it may be made to outer tho amalgam. 

* “Sodium amalgam readilj' wots the surfico of iron and takes up small particles, 
becoming magnetic, though if a clean iron wire is immersed in sodium amalgam for 
several weeks it loses but Little, if any, weight ; so that it seems probable that tho 
iron found in the amalgam when sodium has been used is simply held mechanically. 
Mercury containing about one per cent, of sodium will decompose salts of iron, giving 
what is termed iron amalgam ; and perhaps in this way iron may lie taken up, for 
when blanket sands and like materials, rich in pyrites, are placed in heaps prior to 
amalgamation, some of the p;pito8 undergoes decomposition, forming sulphate of iron, 
which would be decomposed in the amalgamating barrels, if an amalgam or mercury 
containing one per cent, of sodium were used ; and there cun be no doubt that the 
beneficial results to bo obtained from sodium are completely lost by using it in toe 
great quantity and thus causing the mercury to take up the base metals. 

* “ load. — This metal has a highly detrimental influence in the processes of amal^ 
mation, and is often supposed to be used for fraudulent purposes, as a small quantity 
added to mercury will cause a loss of gold amalgam and mercury, through the lead 
amalgam rising to tho surface of the mercuiy as a frothy scum, carrying with it any 
gold amalgam that may be present, and, by forming a coating over the mercury, pre- 
venting it taking up any gold that may pass over its surface. The lead amalpim, 
when thus brought to the surface, is easily broken up and carried away in a fine state 
*of division by a stream of water passing over it. The whole of the lead amalgam 
does not rise to the surface at once, and cannot be completely removed from mercury 
by simple skimming, but the more the mercury holding it is agitated the quicker it 
rises. The only way to completely remove load from mercury is by carefiil distil- 
lation. 

' “ There is but little doubt that in some instances load has been used with the inten- 
tion of causing a loss to the mine owners, but in the majority of cases it is acciden- 
tally derived from the ore. Recently metallic lead has been noted in what appears tc 
be a sample from quarts lode. The specimen was said to be obtained from a quarts 
lode at Maldon. *With this exception 1 believe no motallie lead has been found in 
any of the quarts mines. In the alluvial mines it is often noted in small rounded 
sometimes coated with carbonate of lead. The ores of lead, such as galena, 
antimonial lead, sulphate of lead, carbonate of lead, arseniate of lead, and phosphate 
of lead, are often met with, and from these the lead found in the amalgam nr gold ia 
in the minority of coses most probably obtained. 



dOLD IN MINB WATERS 415 

'“la QMeoaililUt kiln aifd for burning wiiuti, galnin or tho other on* mayba 
auilj Ttfduioed. lA qiuirts coDtftiniiig these ores are burnt in a kiln, it is almost 
imponible to prevent the production of metallic lead. It is also a common practice 
to add wood or bark and wipe to the charges of concentrated pyritous material, iu 
the rsverberatoiy furnaces, with the view probably of economising fuel. This will of 
course aid materially in reducing any metals like lead or antimony. Large quantities 
of lead (IncgO when compared with tho silver and gold) were produced from the 
St. Amaud ore,' treated by a dry crusher and then passed through a Stutafxldt 
furnace. In this instance the ores reduced were obtained from above the water-level 
of the mine, and the lead existed in them as arseuiate and carbonate. The reduction 
was caused bv the ore having to descend through a column of reducing gases, and 
could probably have been prevented by the introduction of a larger supply of heated 
air. ft is to be noted that, though the ^ield was unsatisfactory nnd that a large per- 
cuutngc of lead w’as present iu these trials at St. Arnaud, there was no complaint of 
loss of mercury, and a carefully conducted series of assays made of the pulverised ore, 
collected before it passed to tho furnace, and samples of the tailings as they left the 
amalgamatorri, sliowed that the losn of gold and silver was not al^ve the average. 
From tboBfi practical results it would seem that by carofully washing after amalga- 
niiiting in pans ( Whkblku’s were used, I believe), the great loss to be feared from the 
presence of lead in mercury, in Chilian mills and ripples of crushing batteries, may 
be HU reduced os to be scarcely noticed. 

‘ “ Zinc. - -There is but little possibility of this metal finding its way into the amalga- 
mating machinoi 7 . Ktill it is possible that it may be found in gold being derived 
irom the ores of zinc which occur in tho quartz. 1 find that, if gold is exposed at a 
dull red heat to the vapour of zinc, .a brittle alloy is formed, the zinc being taken up by 
the gold in the same manner as arsenic. The alloy is easily amalgamated by mercury.” ’ 

CMliB ABSAT. Mr W. Oiiandleu llonKRTs reports to the meeting of the British 
Association at Bristol, 1876, that port ions of the gold plate prepared with so much 
care liad boon sent to various di8liugui.shed chemists on the Cuutinont and in America. 
Several reports have been received confirming the purity of the plate, M. Stas, of 
Brussels, gives tho details of the expenments which he had made iu testing the metal, 
the results proving that tho plate contained 999-95 parts of pure gold in 1,000 ; the 
minute trace of foreign matter which is admixed with the gold being probably derived 
from the clay crucible in which tho metal was molted. Spectrum analysis proves that 
neither silver, copper, nor iron exist in sufficient quantity to be detected by the 
spectroscope. With the completion of this standard plate an important step has been 
made, in that a standard for r^feronce has been secured. With this standard com- 

} doted, the committee now propose to collect evidence with regard to the discrepancies 
letween different assayers, and they hope to bo able to ascertain whether the cause of 
differenoe arises in the furnace or while parting with acid. 

MBB Zir MZITB WATBBB. It has been suspected for many years — for how 
many years it would be difficult to say — tliat gold is contained in the waters of the 
ocean ; nnd lately it has been proved by experiment that sea-water is auriferous and 
argentiferous— holding aKo many, if not all, other metals in solution. 

SoNSTADT has stated that ' tho sea-wator of the British coasts contains in solution, 
besides silver, an appreciable amount of gold, estimated by him at about one grain to 
a ton of water.’ * 

Now in our quartz veins there is constantly circulating saline waters — in some 
places waters of neater specific gravity than those of the ocean— and it has been 
often suggested that in these waters thrae are in solution salts of gold, and that the 
gold may be precipitated on coming into conta\*t with metals or metallic sulphides. 
Nitric acid, which is always found in rain water, acts very slowly as a solvent of gold, 
but it does act upon it, and a certain amount of gold— how small it may l>e we cannot 
guess— must necessarily be carried with meteoric waters to great depths. In tho 
presence of hydrochloric acid gold dissolves without the evolution of free chlorine.’ A 
mixtuK of nitric and hydrochloric acids is well known as a solvent, and iodine in sea- 
water is the agent which, according to Sonstadt, keeps gold in a soluble and oxidised 
coadition. 

All the substances, organic and inorganic, which, acting and reacting on each other, 
would produce agents for holding gold in solution are present in seawater; and many 
of these substances are present also in the waters of our mines. 

What condition the gold in the fhine waters of our reefs is in we know not, but that 
gold exists in the mine waters is almost beyond doubt. Some time since Mr. Nobkak 
Taylor when making a geological survey of the Stawell district, caused a small 
galvanic apparatus to be fixed in tho pump tank of the Newinotom and Pleasant Cbbex 

* Ohrmital and Ofologieal Eataytf by Thovas Btrrrt Hunt, LL.D., p. II7« 

" lt«por$t ^ Mm Aitoeiafiim. B. J. Fauuev, F.R.O.a 
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CoiiPA]VT*i mine, for the purpose of asoertaining whether gold in solution eiists in the 
verv tsline mine waters that are found circulating in the auriferous reefs intersect 
by the workings of the company. The apparatus was allowed to remain in the pump 
tank for a period of ten months, and was then sent to Mr. Cosmo Nbwbbbt for ex- 
amination. Mr. Nbwbiby found that toth the copper plate and the zinc plates were 
corroded and coated with an incrustation. The incrustation was carefully removed 
from the copper, and was found to contain sufficient gold to be detected ^ the blow- 
pipe assay process. A portion of the cleaned copper was then examined, and gold 
detected, and though apparently in loss quantity than that found in the incrustation, 
it was sufficient to throw a doubt on the reeiilL Upon close insp^tion the copper 
proved to be a portion of an old sheet or plate of copper, the holes in whidi had been 
stopped by rivets. To obtain satisfactory results it will bo necessary to make the 
experiment with chemically pure copper, and to filter the mine water before it reaches 
the apparatus Gold exists in a state of minute subdivision in all our mines — in 
particles, in fact, so minute that the utmost care will have to be used in filtering the 
water, and in protecting the apparatus from accidental contact with free gold. 

Mr. OoSMO Newbbbt was requested to undertake the control of the experiments 
which were made in some of the richer mines. Though the apparatus fixed by Mr. 
Tatlob was not derisod with such precautions ns— partly in consequence of the ex- 
periment made by him— we should now use, the results therefrom are not without 
interest and value ; and he is to be commended for making an attempt to ascertain 
the true character of our mine waters. 

Some time since Mr. Cosmo Nkwbbrt suggested that timber props, used for 
supports, which had boon immersed for a long period in the waters of tho mines, or 
buried underground, should bo obtained, in order that they might be examined for 
gold; and at once Mr. Bbouoii Smyth placed himself in communication with some of 
the mining surveyors who are interested in sciontific investigations, and asked t^em 
to collect specimens. They responded with commendable alacrity. Mr. Thomas 
Cowan, Mining Surveyor at Ballarat; Mr. John Lynch, Mining Surveyor at Smythes- 
dalo ; and Mr. Nicholas, Inspector of Minos at Sandhurst, collected and forwarded 
a number of pieces of woi^. Mr. Cowan sent three pieces of timber, which had been 
buried in the earth for more than 14 years ; Mr. Lynch some which had been imbedded 
as long ns 17 years; and Mr. Nicholas, props which had boon immersed in mine 
water for 1 6 yours. 

All these were placed in tho hands of Mr. Cosmo Newbbry for examination, and he 
reports ns follows * — 

‘ Tho mtgority of tho samples of wood were too small for satisfactory examination, 
08 it was found tliut at least 1 cubic ft. of wood wiis required for a satisfactory quali- 
tative test ; for a quantitative test several cubic feet should be used. 

* In nearly all the samples the wood was undecomposed, but traversed in every 
direction by cracks, the whole of which could only bo detected by thoroughly d^ing 
the wood. When opened, those cracks were found to be lined with a soft ferr^nous 
clay, and this clay, in two instances, Nos. 1 and 12, was highly charged with iron 
pyrites in minute crystalline groins. I could not, unfortunately, collect sufficient of 
this pyrites to make a satisfactory test for gold.^ 

* A portion of the wood, separated from all earthy matter and cracks, was boiled in 
water, to which it gave up alkaline sulphates and chlorides. It was then thoroughly 
washed with hot water until it gave no further reaction for these salts, and then 
treated with nitrate of potash. The solution from this treatment again gave a strong 
reaction for sulphates, thus giving good evidence of the presence of sulphur compounds 
(pyrites) in the wood. Nos. 4, 6, 6, 7, 11, and 13 had grains of pyrites firmly attached 
on the outer portions.* 

* Two quantities of wood, separated os carefully as possible from all cracks and ex- 
ternal parts which might bo contaminated with or contain accidental auriferous 
material, were burnt in a clean new muffio, and the ash collected ; it was of a red 
colour, owing to the presence of a large quantity of oxide of iron. The bulk of t&e 
ash was reduced by washing with hot water and weak hydrochloric acid, and the 
residue fused with a weighed quantity of pure litharge and carbon; the resulting lead 
button was cupelled, leaving a notable amount of gold. 

* Upon examining the ash obtained from the eamplee bnmt, a eilicioue reeidue was 

■ No. 1. From the claims of Bpankhakn and Co., from drives about 240 feet in depth— alluvial ; 
No. IS. From a depth of 380 fMt, and had romatnod undenErround for a period of about 18 yean. 
Bora olalnL po»«i dBlit alTu****^ 

■ No. 4. Trim the Ibaagetlo mine, Bandhunt, under water for 16 yeen— quarts ; No. 6, From 
SooH'B noueer Uine. Ssodhunt, 10 yean under watoiv-quartB ; No. 6. From Great Extended 
Honm’s mine, fiendbunt, 7 yean under water-Hguarts ; No. 7. From Hostlbb's Beet G. M. Oo., 
fiandhuirt, 4 yeen under waUr— quarts ; No. 11. From Bolumce mine, fioarsdale, depth 880 Iseti 
huied 18 ysan— alluvial ; No. 18. mm Gemini mine, Boondale, depth 300 fee^ buled 18 yeen— 
eOttvliL 
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IboBd, iphleh, wlm mniiiad bj th» vdeoKmemt ihoirad nmndad gmiiii likt qnavtii 
■0 that it if poMibl«^.tboil|^ icuodj probabia^ that the gold fouid may have been 
introdnoed into the wood inth theee qnarta graine bjr force in the mine, era ae blaata 
or heavy blows, or perhaps drawn into the wood during its lint absorption of water 
after being pla^ in the mine. 

*For thmreesena it will be satiafiactorT to repeat the experiments, though I have 
no doabt that the gold exists in the wood, and that it has been precipitated there 
from a solution at the same time as the oxide of iron and the iron p^tes.’ 

Examinations will be made of timber, from mines in other parts of the ooloi^, and 
every care will be taken in procuring apecimens and in conducting the eip^ments, 
so that it may be ascertained without doubt whether or not gold is predpitated from 
mine waters. The inquiry is one of the highest interestt and scientific men in idl 
parts of the world will learn with satislaetion that this matter is being investigated 
with caution, and by an experienced chemist and metallurgist. 

Under this head may be placed the results obtained by Mr. W. SgxT on the gold of 
New Zealand: — 1. After immersion for a few hours in spring water, or in water 
charged with any neutral salt, it was found that gold refussd to amalgamate when 
subsequently immersed in mercury. 2. It is also brought into this condition when 
left in oontact with distilled water for about 1 8 hours, or with an aqueous solution of 
caustic or carbonated alkali or ammonia at their boiling points, or for a longer time 
when the solution is used at the ordinary temperature. 8. Gold is also broc^t into 
this state when heated with a weak solution of carbonate of soda. 4. Weak acetic 
acid or hydrochloric acid on ignition readily converts the non-amalgamable surfime 
into a rMdily-amalgamable one. ft. Gold becomes rapidly non-amalgamable in nitrate 
of silver or chloride of mercuzy ; also in weak sulphuric acid, or when it is fbsed with 
borax and bisulphate of potassium. 

It seems, therefore, tolerably certain that gold thns acted upon has been oxidised 
either to a sub-oxide or to the purple oxide of gold (?). Mr W. But intends to 
investigate this subject further. (It appears that films of fluid are formed upon the 
surface of the goldj which prevents the immediate action of the mercury, ana which 
mav tend to promote the solution of gold in water ) ‘ Oxidation of Silver, Platinum, 
and Gold, and si^posed Oxidation of Mercuzv by Oxygen in presence of Water,* 
Thtmaetioru and Prooeedmga of the New Zealand Inetitute^ 1676. 

Gold uc AiiXBioa, Nobtx. — T he production of gold in the States and Territories 
west of the Missouri River in 1876 was /44, 000, 000. 

Gold iw Akkbioa, Sot7tb.~A company hu been formed at Santiago for working 
same gold streams in the Rio de los Minas, to the north of the colony of Punta 
Arenas, or Sandy Point, in the Straits of Magellan. 

Gold uc Calsdokia, Nbw. — T he Rev. W. u. Olabkb, in his anniversary address 
before the Royal Society of New South Wales for the year 187ft, thus spe^ of the 
gold field of New Oaledonia : — 

* It is in the mica-schist of the oldest (Cambrian) formations that gold was found 
about Poftho in 1868 ; but in 1864, when Gaknibb p^ed that way, he found only one 
digger steadily at work, who afterwards abandoned it. Since then farther trials have 
been Biade by Ei^lish adventurers and others . . . The description of the gold field 
maybe worth giving. It is situated about 2 miles from Poebo. The bed-rock ie a 
garnetiferous mica-schist, which is covered by a red clay, resulting from the decom-' 
poeition of ferriferoue garnets. The rook sometimee takes a spheroidal form, and in 
the centre of the spheree the garnet is less abundant, and is replaced by a qnartaoae 
and pyritouB matter, the maeees themeelves being extremely ba^, and aorrounded by 
the soft a^llaceoas products of dscomMition. They are often covered with a bed 
of manunillated oxide of manganese. That the gold oomee from the rock in eitu wae 
•hown by the greater abandanM of it in the aanu nearest the rook in the dry bed of 
a river which traveraed the de^it of clav.’ 

Gold iir OALUromnA. The ^reka Mine, Amoor County, fomiahes aome onrious 
and interesting fisots, in a measure enbvnraive of certain recognised geological dogmas. 
It is oonunonly believed tliat the yield of gold must decrease in depth ; but in this 
mine the value of the yield foy the first 80 ft. was only 80s. to 60s. per ton, barely 
sulBeient to pay expenses. Briow that level it rose from 66s. to 84s. ; at 100 ft. it 
j^ded 6i. 12s. ; at 200 ft-f 7i. 4s. ; and at 800 ft. it attained a yield of 12/. per ton. 
xrimi this we mny learn aome important leseonSf It ahowo that we must not apply 
acientiflo.dogmas in all casee ; that because the earth is poor, the mine must be uu- 
wortfay of tm, or neoeiaarily poor in depth. This mine yielded in one year a profit 
of 75,000/., and has attained a depth of 1,200 ft. It is a noticeable feature that it 
sxists at the junction of slate and greenstone, the latter being hard and compact, 
and forming the hanging wall, while the foot wall is composed of a soft argUlaceons 
al^ To the junction of then two formatione is ascribed much of the aueoess of thhi 
VoL. IV. E E 
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mint, and lihe eondniiitj of tbe gold in depth, while the soft ehanoter of the ftx>t«wall 
hat enabled the mining to be oondneted at little eost. Tbe opinion that ^nartc reins 
grow poorer in descending appears to be unsupported by sufficient eridenoe ; but 
there are a number of eiremnstanoes caleulsted to lead the superficial obseirer to 
that conclusion : one of these is found in the fact that as the portion of the reef 
exposed to atmoepherie influence getj weathered, it is neceeearily accompanied by the 
degradation of eome of the quarts, in most cases leering the gold ; the capping is, 
therefore, not a fair sample of the quarts in the immediate ricinity : then, again, ereiy 
reef YMies in thickness in different portions of its leafgth and depth, and a prospector 
would be most likely to select from, the richeet portione eho^ng on the surfaes. 
Moreorer, the gold almost inrariably exists in branches, shoots, or diimneys, which 
cut the axis of the rein horieontally or rertically at all angles. Not unfirequently the 
gold will be on one or other of the walls for a certain distance, while all the rest of 
the reef is barren. Where several parallel reefs are found near each other, one may 
be rich in gold for a considerable distance while the other is barren ; and when the 
gold suddenly dies out it will not unfrequentl^ be found to commence in a parallel 
reef, but at a spot at right angles with the point at which it has ceased in tne pe- 
riously prodnetive reefs. Tms phenomenon has been obserred at Hawkin's Hill, in 
this colony. In the same way that a chimney or ehoot of gold will be found to pass 
diagonally along a reef, learing barren or poor ground above and below, it not unftre- 
quently happene that operand sometimee neher ehoots of gold are met with at greater 
depth, haring a certain parallelitm to the first shoot.* 

In connection with the gold and eilrer mining of California, the Sutro tunnel is the 
most remarkable entej^se in mining being carried out in the state. It ie to extend 
a distance of fifths miles, and draw we Comstock lodes to a depth of 2,000 ft., and 
will cost when completed one million eterling. The companies on thie great 
hare agreed to pay a certain sum on every ton of ore raieea from the mines on com- 
pletion of the work. On November 1. 1874, the tunnel had been driven 7,792 ft. 
bnring 8 weeke in October the tunnel was driven 80 to 88 ft. per week, the lost week 
in October 116 ft. The else of the tunnel is 10 k 14, and in one month 860 ft had been 
driven bv the Bublbioh drill, being the heaviest work of this kind on record, Oom- 
paring this work with some of our Australian mining, we will take, by way of example, 
the adit driven into the Belmore Mine, on the Gbbat WnerEiur CoiCFAiiys property, 
near Seely. The sice of this adit is 6 x 4^, and in 18 months they have isiven 
480 ft. Thisgivee 6'Sl lineal, or 170 cubic ft. per week; while the Sntm tunnel, 
116 X 10 X 14, gives 16,040 cubic ft, or nearly 10 times the work in a given time. In 
the Hooaac tunnel the avenge progress under the old system was 46 ft. per miuith. 
Tbe work performed with the drills was at the rate of 1 60 ft per month, at a greal ly 
reduced cost effecting a savii^ in time of over 6 venn. Qr^t as ie the magnitude 
of the Sutro tunuel undertaking, there are sevenl others eclipsing it in extent and 
cost. In the Harta Mountains a tunnel was constructed 14 iniln loug; and in Saxony 
a tunnel of 16 miles is in course of construction, to drain the Freibmi{ mines. This 
has already taken several years, and will require 40 yeare more to complete. 

The gold yield of California this ^ear (1876) will probably be about ^^80, 000, 000, 
oraemach ae it was in 1876. Of this two-thirds may come ft^plaesr dums, and the 
remainder from quartz. The greater part of the placer gold is obtained by hydraulic 
action in the channele of dcM riven, with deposits auriferous gravel several 
hundred feet deep, and a quarter or half a mile wide. Althongh maqy acres of deep 
giavel beds have been wawed away to the bed-rock, large areas remun, and promise 
to yield a good profit fur many ^eare to come, though the product will doubtless 
decrease nadually. The placer mining camps which have no nydraulic washings an 
steadilv declining. The gold quarte-mining industry of California is stationary in its 
general character. A large number of auriferous lodes, and even of mines partly 
opened, are neglected heesnse the gross average yield per ton will not exceed 01 0, 
and that figure does not in moat eases leave any profit ; though in Australia, wMre 
labour costs half as much, and supplies are cheaper, many quartz mines are kept going 
for a gross yield of 06 per ton. The yield of the gold minee genexalljr, unlike tl^ of 
the silver mines, is not published regularly. Many gold mines are wmked on a email 
ecale, sometimes by two or three men. Few of them are incorporated in San Frandsoo ; 
the ato^oldera are usually fow, and live at the mine ; they cau get inlbnnation by 
letter or orally ; and, aa tbe treasure is much more attractive to robbera than silTrr, 
the mansgere tiy to keep the amount of production and the timee of ifoipiiivit seent 
In reference to a number of tbe most prcriuctivo quartz mines of Califonria it is iav* 
possible to get information for publication. ^ The San Franoiaeo Aita, 

• Tbe eztitenoe of grid on one §id» of the reef lies been notloed in Qipodend, yiotorla» and elH* 
wlMM. laNewZeelsadlttsverymeirked, etHaAPi’sCnek, ThesieeOola FUld. 
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Qou> VK OBUCA^^The diftriet of Kirin is yezy rich in gold ; nnd the Oonsul giyes 
an acQOiuit of the ynlley of Chia T*i Koo* some 30 miles long, in which there nt« rich 
diggingi nhout flye or six days' journey east by south from Kirin and Newohwaag. 
The yeins of quarts in the mil sides are yezy numerous. The quarts, when du^s 
roasted# ^en crushed, and then wariied on a oadle or * slip,’ and so rode a^ imperfect 
is the dperationrthat it usnallj pays to wash the quarts two or three times. The 
quantity oY gold Ibund in a ton or quarts ysries ; but a Ohinese miner, who showed 
the Oonsul a slab of quarts brought from these (Umngs, assured him that less than 
^280 worth of gold per ton is considered a poor yi^. The miners in this locality are 
said to be a lawless set, and to have a very peculiar social organisation. It appears 
that a few years ago a formidable band of brigands infesting the Kirin proyince was 
put down by a leyy of hunters and foresters under the leaderwip of a man named Han, 
and for this service the Government gave him an honorary button and permission 
to get gold in the mountain district lying to the east of Kirin. He pays an annual 
tnbutc of 20,000 taels, and governs absolutely within the limite of his concession, and 
no official wnt runs there without his permission. He has an armed following, and 
a number of miners and workmen in his pay. Those who are not in his employ pay 
a royalty for pormissiou to mine The community under his rule are said to number 
about a thousand, and are principally Chinese, but a number of Coreans have recently 
found their wav into the territory, and are working with considerable success. The 
Consul hears that little of the precious metal abides with the working digger, who is 
beset by the usual temptations to spend and squander.- Heport of Mr. Adkins, HnVfsA 
ConatU ai JHewchwang. 

Gold at Clbvbdon, near Bristol, in Likhstonr. — A carboniferous limestone, 
containing goid and silver, has been discovered at Walton, in the neighbourhood 
of Clevedon, by Messrs. W. W. Stoddabt and Pass. The analysis of the dried 
limestone gave — 


Aluminium . 



•8777 

Oxide of iron 



4*8000 

Carbonate of lime 



04*3000 

Silica . 



•0200 

Silver . 

, 


•0023 

Gold . 



. a trace 

100*0000 


An assay was made by Mr. J. F. Mbrrt, of Swansea ; he found in one sample 
04 grains to the ton, and another sample contained very nearly an ounce. The quantity 
of gold varied from 3 to 5 grams per ton. 

Gold in Ooluiciiia, British. — ^The three recognised gold-flelds of British Oolumbia 
are Cariboo, Omineea, and Cassiar. 

The following table shows the yield of gold for the whole province, since its exist- 
ence was first made knoMii to the world in 1868, up to the present time. Two-tbirde 
of the amounts here given were actually known to have been exported by the banks, 
&c., while one-third is added in each year as the amount estimated to have been 
carried away in private hands : — 


1858, 6 months . 

. 0 620,868 

1868. 

. |f2, 872,972 

1869 . 

. 1,016,072 

1669. 

1,774,978 

1860 . 

. 2,228,643 

1870. 

1,386.956 

1861 . 

. 2,666,118 

1871. 

. 1,790,440 

18621 

. 4,246,266 

1872. 

1,610.072 

1868/ 

1873 . 

1,806,749 

1864 . 

. 8,736,860 

1874 . 

1,844,618 

1866 . 

. 8,401,206 

. 2,662,106 
. 2,480,868 

1876. 

. 2,474.904 

1866 . 

1867 . 

18 years . 

. ^38,166,070 


At tlw Philadelphia International Exhibition, 1876, examples of gold firom sixteen 
erseks in the Cariboo district were exhibited. Specimens from several districts 
around Lake Superior were also shown. 

Goid in India, Southron. — We have been favoured with some special informatioi* 
rejecting the gold mines of l^athem India. 

The mining concession of the South op India Alpha Gold-Minino Coiapanv, 
Limited, embraces about three-quarters of a mile lu length of the ‘Alpha* 

B B 2 
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ttKtending from the edge of the Weotern Ghante in the loiith 
to a diftaaoe of about one mile at the northern extremitj from the Tillage of 
Detallah. 

The ontorop of the Alpha Beef may be followed over seTeral moimtain ridgea for a 
diitanee of aome milea in a northerly direction. The oountiy rock ia gneiaa, foliated, 
more or leaa qnartaoae, and to aome extent homblendic. Aa appeait to be oommon 
with anriferona reefa in South- Eaat Wynaad, the rieheat portioned the l^e ia near 
the footwall, and the coaing, which oontoina a large portion of iron mat (hydroua per- 
oxide of iron), aa wdl aa numeioua leiMiera of Tarioua thidmeaa, aeem likewia« to 
hare been found rich in gold. 

Old workinga, mi^e by the Korumbera in former times, can be traced all along the 
free of the mountaina. Their primidre mode of working oonaiated in craahing the 
quarte between two atonea, by hand, washing out the gold in a rough wooden dish, 
and then picking it up with mercum. 

The average result of assays made of apedmena selected from ' Skull ’ working was 
22*68 dwts. per ton of stuff. 

Another oaaay of 16 tons of mixed atone from the same workings gave 8 oas. Odwt. 
18 grs. per ton. 

In the South-East Wjmaad eonoesBiona have been taken up from the Biyah of 
Bellumboor, in the vicinity of Dev&la, which embraces an area of about 1,000 acres, 
within which 76 aorea of quartz reefs might be selected for mining operations. Another 
gmnt is from the Madras Government over a block of 60 acres, some four miles 
distant from Cherumbody and Qlenrock coffee estate. The following reefs have been 
examined : — 

The Monarch Beef, the Bear Beef, the Corumber Beef, the Etacule Beef, and the 
Cavern Beef. 

Gold appears to have been raised for centuries in this part of India. The <Jfd 
workers do not, however, appear to have penetrated to any considerable depth below 
the surface. 

The attention of Government was called to the subject of the Malabar and Wynaad 
Gold-field in 1881, and a commission was appointed to report upon them. The report 
made was not of a favourable character. 

The gold is frequently visible in the quartz, as well ns the white iron pyrites, in 
which, and in the cubes, a large proportion of the precious metal is contaiuM. 


The Monarch Reef, ordinary gives by assay 
Ditto. th9 riohe^ „ „ 

The Bamlin Beef gives by assay , . 

The Bear Beef „ „ . . 

The Commber Reef „ »i . . 

The Etacule Beef „ „ . . 


On. dwta. gra 
.0 11 16 per ton 

. 8 0 6 ,, 

.1 0 6 „ 

. 1 11 0 „ 

.2 6 16 „ 

. 0 16 18 „ 


Color Lutriet, Mywrt TtrritorVf situated in the village of Ooregum, or rather 
about half a mile south of it. The reefs show the appearance of having been exten- 
sively worked firom the surface by the natives ; but in no instance has the ancient 
workings been carried to a depth exceeding 60 or 70 ft. 

Gold is found all over the plateau, and in the nullahs, within the range of the 

S uarta reafa, and the natives are even now in the habit of eweeping up the earth and 
net, and washing them for gold, by which means they earn at tne rate of frmn 8 to 4 
annas a day.' 

The assays made from twelve different samples, taken from the several reefr, give 
M average of 1 oe. 0 dwt. IB grs. to the ton of stuff. From a pit worked by Colonel 
BiRHFOBn, some years since, speeimene were obtained which were said to contain as 
much as 28 oss. to the ton. Other assays of specimens, derived from other parts of 
the pit, gave 6 oh., 6 oh., and 10 oh., to the ton of stuff. 

Gold aim Silvib nr JapAxr.— Although one hears much of the wealth of Japan in 
iti gold and silver miuee, there is little reliance to be placed in such statements, the 
total amount of thsM precious metals produced in the year 1874 being only 21,666 lb. ; 
value 79,6261. There are silver mines in the island of fikdo, in the poHneafon of 
the Govenment, worked under the direction of foreign enginMrf, but they do not 
ap^ to be a very profitable invMtnent, for their retiKi show that in one year, 
although 12,2601. worth of ore wu extracted from the gjlitM, the neoHSory workiog 
axpensM amonnted to 16,8121. There is also a gold Aa under foreign suparlntan- 
dance at Opgasa, in Ugo. 


' 1 anna b 1}iI. atorlliit. 
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The fbHoviog list of the gold-fields of Yesso, Jvjpm, is firon the reMrt by Hr. 
HnrsT S. Momoa, the Arofessor of Geology end Miniiig in the Imperiel OoUege of 
Tokio 


Oold4eid 

Distrlot 

Axmin 
sqnere lords 

Averofs 
of Oimvel m 
yoidi 

Avnui vslne 
par oablo yard 
IneoDts 

Toshibetsn. • ^ 

Upper Valley 

960,000 

8*80 

6‘60 

Remainder 

6,114,000 

8*80 

8*60 

Kudo . • f 

Moshibetsu • 

846,600 

1*66 

0*80 

Usubetsu 

1,488,000 

1*65 

0*06 

Bsashi , . | 

Timikishi 

608,600 

1*08 


Otobe, dee. . 

not given 

— 


Hatsumai . 

Matsumai 

exhausted 

— 

— 

Musa . . ^ 

Yunoshiri 

1,200 

2*00 

6*61 

Remainder 

3,831,400 

2*64 

0*70 

Tokachi . . ^ 

Ayoboshuma . 

not given 

700 

0*01 

Sundry places 

t. 

10- to 26* 

nil. 


The value of the gravel in most of these localities is so low that it will not pay foir 
working. 

Goii», Nbw South Walks. 

Table showing the PrMortion of Gold and Silver in eharaeterittie Samj^ of Gold Duet, 
from varvova localities in New South Wales, after meltii^. By F. B. Millbb, F.0J3., 
late Aesayer in Sydney Branch of the Royal Mint : — 


Locality 

Gold In 1,000 parts 

BIlvw In 1,000 parti 






Nobthhbh. 



Boonoo Boonoo 






864 to 669 

837 to 208 

Fairfield . 







872 

121 

Timborra 







708 to 898 

280 to 07 

Feel River 







920 

67 

Rocliy River 
Nun^e . 







034 to 962 

61 to 33 







028 to 987 

66 to 68 






Westbrn. 



Bathurst . 







827 to 008 

164 to 02 

Sofala 







020 to 088 

66 to 68 

Tuena 







043 

64 

Ophir 







016 

82 

Tambaroora 







048 to 064 

64 to 42 

Turon 







018 to 028 

78 to 68 

Hargraves 

Windeyer 







916 

946 to 960 1 

68 to 87 






Southbun. 



Burrangong 







048 

48 

Adelong . 







046 to 061 

62 to 46 

Bmidw^ 







028 to 034 

67 to 62 

Emu Creek 







071 

27 

Dele|^te . 
Nerngundah 





. 


071 

27 





• 


083 

16 


The following list cannot fail to be uf interest as showing the peculiar rhaieeter- 
isties Ok the gold of New South Wales. It is from the New muth Wales Qficial 
Oaiakyue, Philadelphia Exhibition, 1876 : — 
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StmplM nf Odd chafQoUfktk of the Odd-JUldeqf New South Wales ezhibited by the 
Afinmy Ifepartment, and assayed at the Soyal JUint, Sydney. 



WitmBM DiOTMcr. 
Batsin . . . 


Tambaroora . 


Oranipa . . 

Stony Creek . 


Deeeripilon of Gh>ld, 
aaoh MBiplB wdghlag S on. 


In fine loalei, and ooane platea and gn. 
Fine Boaka and ooaxw gtidne, with eomo 
spongy and stringy .... 
Fine scales, plates, and coarse grains 
Fine dost and coarse grains . 

Scaly with some grains .... 
Fine and coarse s^y and grains . 

Fine scales and grains .... 
Beef gold; retionlated . . . . 

Coaise waterwom grains or nnggeta 
Flue dust and coarse gtalns . 

Scaly, with onane spongy grains . 

Fine scales and coarse orystalliue gold . 
Scaly and coarse flUform gold . 

Fine scales and coarse gn^ . 

Ooarso gtaina with some scales 
Fine and coarse scales .... 
Coarse sMngy grains and some scales . 
Dust and coarse scales .... 
Ooane pieces— filiform and spongy 
Soaly, with some grains .... 
Fine scales, very puroiia, with some 

magnetic Iron 

Fine and coarse filiform gold of a dark 

oolour 

Soaly 

Fine dost— ‘gunpowder gold ’ 

Scaly 


Gold and 
Silver in 1,000 
paitsafter ; 


Gfold SUv 
l‘M S98-0 71 

f'OO 98S‘« 71 

1-47 0160 71 

1*88 OSO'O 7( 

1*10 061*0 81 

1*81 040*0 m 

1*06 048*0 K 

9*77 044*0 0] 

9*00 080*0 64 

9*47 040*0 41 

1*41 040*0 OC 

9*18 047*0 41 

1*07 042 0 4S 

1*08 041*0 04 

9*04 030*0 Oil 

1*77 087*0 Ofi 

1*78 038*0 Ofl 

1*78 018*0 71) 

1*78 090*0 7C 

1*00 046*0 48 


8*04 060*0 86 

3*67 043 0 01 

3*68 030*0 69 


4 

0 

Si 

8 10 

0 

8 10 194 
8 19 Hi 
8 18 8 

8 18 n 

4 

0 

7i 

8 

16 

‘J 

4 

1 

84 

4 

0 


8 

19 

4 

4 

0 

8i 


SOUTHKIIV DlOTHlOT. 


n raid wood 
Araluen . 


Tnmot . 
Young . 
Nerrlgundob 
Klandra . 
Goal bom 
Bombala . 


Plates and fine scaly . . . . 

i'iiie dust—' gunpowder TOld ' 

Fine soaly and ooorse filiform 

Bcfdy 

Ooane filiform with some scaly 
Fine and coarse, with some very spongy 

Soaly dust gold 

Fine dust—' gunpowder gold ’ 

Btrings, soales, and plates 

Boales and platee, with some grains and 

threads 

Coarse grains and reticulated 

Very lino scaly dost gunpowder gold ’ 

Filiform orystalllne and some soaly <{ 


000*0 84 

001*0 49 

044*0 03 

041*0 08 

046*0 00 

937*0 70 

087*0 86 
048*0 49 

980 0 10 

997*0 68 

070*0 S3 
068*0 84 

088*0 06 
984*0 70 


NORTHBBH DiBTKICr. 


Fine soaly and ooarso filiform 8*88 019*0 78 

Soales, plates, and coarse filiform ; of a 

brownish oolour 8*38 903*0 90 

Spofoiyi flUfonn, and orystalline, some J 8*38 013*0 88 

with a Uttlo quarts attached ( 8*81 014*0 80 

Fine dust and shotty grains . . 8*81 899*6 08 

Scales with some threads . 8*80 048*0 44 

Fine scales 19 ] 888*0 100 


The average fineDeae of Victorian gold is about 28 carats, that is to say, it contains 
ibont 06 ^ cent, gold and 3} per cent, of silver, with about ^ per cent, of other 
metalf. ^rther north, in New South Wales, the average fineness is 22 eamts 12 
grains, or 032 per cent, gold and 6 per cent, silver. Still farther north, in QneenblancC 
the average fineness is but little more than 21 carats, or 87*26 per cent, gold, and 12 
per cent, silver. Maryborouffh gold only contains 86 per cent, gold and as nubdi as 
lijMr cent, silver. (F. B. MiT.LaB, F.O.S, TVans. Boy. Soo.t N.S.W.t 1870.) 

^e Palmer gold, from Northern Queensland, is much richer than any the fpeci* 
mens firom Queensland referred to alx)ve. 

Amount . — The total quantity of gold, as recorded in the Government retnrm fifom 
1861 to 1874. was 8,206,232,608 ozs., and the value 30,630,246^. IO 0 . 6d. 
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Beoelved 

Ktmnt 

. . . 

Total 

quantity 

Taliae of Oold 

vaoelTod at Mint 

YalueotOold 

esportad 

Total YalM 

wluumt 

tmifu 

Mint 

1871 

1878 

1874 

OUL 

8I1,S78‘19 

868,879*77 

188,216*69 

Ou. 

98,866*71 

109,804*94 

87,666,79 

Oia. 

496,119*91 
861,784*71 
970,893-81 1 

£ s. d. 
1,178,117 4 11 
997,114 18 11 
896,147 10 8 

£ §,4, 

866^64 11 0 
897,960 9 8 
146,181 8 8 

£ 4. A 

1,648,681 16 11 
1.896,176 8 7 
1,040,818 18 6 


The Mining RQgutrar*s returns of gold in 1875 and 1878 were : — 

1875 . 218.109 OSS. 1876 . 167,411 ois. 

Decrease in the yield of 1876 ..... 66,698 „ 

Esaort Returns qf Chid, 


Name of aold-fleld 



1879 

1678 1 

1874 





Wbsthbn Distbict. 






OZR. 

Oia. 

On. 

Solala . 




10.765 15 

9,507*90 

0,872*66 

Bathurst 




0,805*82 

9,788*89 

10,476*00 

IIsimYes 




4,102*40 

4,448*85 

8.608*40 

Tamharoora . 




80,582*46 

62,884*48 

25,266*18 

Mudgee 




140.588*81 

131,124*77 

75,684*74 

Orange 




7,679*01 

6,895 98 

7,170*94 

Stony . 




4,405*70 

5,285*11 

2,457*87 

Forbes . 




— 

628*92 

682*67 

Weddin, 




— 

— 

— 

Grenfell 




36,413*55 

82.729*82 

6,011*07 

Oarcoar 




12,964*04 

6,224*34 

7,489*97 





SOUTHBBN DiSTBIOT. 


Goulbum 




1,327*10 

86#28 

808*10 

Braidwood . 




15,644*51 

10,08^88 

10.820*86 

Tumut . * 




4,282*26 

2,854*81 

2,381*96 

Gunda^i . 




874*30 

1,809*50 

2,881*61 

Meragfe 




— 

— 

— 

Tum^rumba 




8,719*87 

825*68 

217*82 

Adelong 




17,042*41 

21,607*78 

17,860*60 

Kiandra 




648*10 

— 


Oooma . 




2,298*19 

2,091*89 

1,421*82 

Yass . 




— 

— 

48*01 

Buxrangong . 




8,475*48 

8,815*42 

8,496*49 

Nerrignndali 




— 

— 

— > 

Amluen 




20,000*59 

7,286*58 

4,664*41 




KoBTBBnN Distuct. 


Hooky Biver 




1,669*86 

2,242*18 

2.156*88 

Nnn& 


, 


4,889*88 

8,862*48 

8,567*86 

Tamworth . 

a 

, 


1,497-84 

1,160*82 

1,067*79 

Timbana 






— 

Ghalton 




— 

— 

— 

Boone . 


, 


68*59 

46*70 

— 

Armidale 

6 

• 


2,575*94 

1,766*07 

1,798*71 

Total 

• 

• 

• 

892,186*06 

828,107*08 

248,618*18 


Gold IN VioroitiA. — The estimates of gold raised in Victoria during the years 187S^ 
1873, 1874, and a875, are as follows : — 
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1879 

1879 

1674 

1876 

Bsportsd, seoenllnf to Ihs 
letuniBfDnilshed by Ihs 
Hon. lbs Oommlsinner 
of TiadssadOmtonis . 

Om. dirts.gn. 

Ois. dwts.gn. 

OlS. dwtS.gTS. 

Osa dwtagio. 

1480,6M 10 0 

1,116,987 14 0 

904,154 0 0 

708384 18 0 

Heoslvsd st the MstbonnM 
bnmoh of the Bujil 
Mint .... 

191,966 17 0 

104391 6 0 

961,617 19 0 

886369 1 0 

Balmd soooriUiifr to «ti- 
mate mode bj the Mining 
BcrtSimn 

Porassed, from letums 

1,881.877 18 0 

1,170,897 19 0 

1397,644 0 0 

1,068318 0 0 

made bgr the managon of 
banks and others . 

1,918.094 9 0 

1,169 492 14 0 

1,105,116 0 0 

1,077379 6 5 


Ab compared with the estimated yields giren for the year 1872, there is a falling 
off in 1878 in the quantity of gold exported and received into the Mint equal to 
61,641 OSS. 16 dwts. ; for 1874, as compared with 1878, 64,907 oas. 1 dwt., and for 
J876i as compared with 1874, 60,184 oiss. 18 dwts. 

The results of the returns of ^Id obtained from alluvial and quarts mining respec 
lively in each year are given below 




Alluvial 

Quarts 

In 1868 the estimate was . 

. 1,087,602 OSS. 

697.416 OSS. 

„ 1869 

ff If • • • 

984,082 „ 

610,674 ,. 

1870 

ft ti • • • 

. 718,729 „ 

686.676 „ 

.. 1871 


698,190 „ 

670,762 „ 

.. 1872 

II fi • • • 

. 689,661 „ 

601,826 „ 

,. 1878 

If If • • • 

. 604,260 „ 

666,147 „ 

1874 

If fi • • • 

. 433,288 „ 

664,860 „ 

.. 1876 


. 426,611 „ 

641,806 „ 

M 1876 

If II • • • 

. 867,012 ., 

698,006 „ 

The quantity of gold, the produce of Victoria, received at the Melbourne branch of 

the Royal Mint during each quarter of 1876 :> 



1876 

Gross Weight of 

Gross Weight of 
GoldB^on 

Bough (Sold 



Oss. 

Oss. 

The quarter ending March 81 . 

4,33268 

77|864‘08 


„ June 80 . . . 

6.740'88 

112,077-86 

91 

„ September 80 

6,008*40 

100,388-08 

ff 

„ December 81 

6,766-98 

112,700-62 


From information obtained from gold buyers and others by the mining surveyors 
and mining registrars, the total quantities of gold got respectivelv from alluvium 
and quarts reefs were as follows : — 


1876 

Alluvial 

Quarts 

Total 

Quarter ending March 81 . 

„ „ June 30 . . . 

„ „ September 80 • 

„ „ December 81 

Oss. dwts. 
97,986 10 
93,924 12 
86.716 6 
79,274 17 

Oss. dwts. 
142,944 8 

166,367 2 

168,192 12 
149 366 8 

Oss. dwts. 
240,029 18 
249,281 14 
244,906 10 
228,640 6 


The following table, compiled for the newspaper, gives the average number 
of miners employed and the quantity of gold pzodu^ daring the leet eleven 
years:- 
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No. of 
Miueis 

TIeMof 

Gold 

Tear 

No. of 
Miners 

TMdof 

Gold 

73,749 

Om. 

1,686.681 

1872 

64,661 

Oae 

1.817,102 

66,967 

1,498,831 

1,474,187 

1878 

62,644 

1,249,407 

63,181 

1874 

46,800 

1,102,614 

68 037 

1,367.908 

1876 

42,000 

1,068,828 

60,867 

1,281.841 

1876 

41,664 

937,260 

68,101 

1,808,879 





The Mining Department compile returns, as given above, of the yield of gold 
in each year, but tneir conclusions are based on estimates formed by their mining 
registrars on the various gold-fields, and cannot be considered as more than esti- 
mates, whereas the returns to the Atgw are said to be almost correct. See Ptbitm, 
AvRirsaous. 

Lvsl of Gold NitggoU found in Victoria fwn Oetob&r 1, 1874, to Septombor 80, 1876 ; 
ahowmff the Localities where founds the Date cf Dieeovery^ the Name of Dieoe/verer 
and tJu Depth at which each Nugget was obtamed : — 


Locality, and by whom found 


Date of 
Ditoovery 


Orow Weight 
(Troy) 


' Found at Golden Point, Fiyers- 
town, by John Bahnsr In- 
formation received at Office of 
Mines on September 23, 1876 . 

• Found at Fryer’s Creek, by 

Ghoroib Williams. Informa- 
tion received at Office of Mines 
on September 7, 1876 
•Found at Fryer’s Creek, by 
GaoBOH Williams. Informa- 
tion received at Office of Mines 
on September 7. 1876 

• Found at Fryer’s Creek, by 

Ghobob WiLLUMB. Informa- 
tion received at Office of Mines 
on September 7, 1876 

• Found at Fryer’s Creek, by the 

Ballabat Qold-Minimo Com- 
PANT. Information received at 
Office of Mines on September 7, 
1876 

• Found at Maximilian Creek, a 

tributary of Freestone Creek, 
Donnell’s Creek Division, by 
Jambs Dunk. Information to- 
ceived at Office of Mines on 
January 4, 1876 

•Found at Maximilian Creek, a 
tributary of Freestone Cr^, 
Donnell’s Creek Division, by 
Jambs Dunn. Information r^ 
eeived at Office of Mines on 
January 4, 1876 


Found near the Butlbb’s Bbbf 
Cokvant’s ground, Heathcote, 
by B. Hansbn. Infbrmation 
received at Office of Mines on 
Kovember 26, 1874 . 


April, 1862 


Sept. 3, 1874 


Sept. 3, 1874 


Not stated 


Lb OB. dwt. gr. 

Ft. In. 

4 9 0 0 

Surface 

14 0 0 

Near surface 

1 9 10 0 

16 0 

2 6 0 0 

16 0 

6 5 17 0 

I 

14 to 16 ft. 

16 8 0 

2 0 

0 16 0 

2 0 



10 0 0 0 

1 6 


iahNnatlon lesiisotlng these nuggets wu received at the Office of Mines duiijw the ym 
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LooBllty, ud by whom found 


Data of 
DiaooTery 


Oroai Walght 
(Troy) 


Depth at 
which toond 


Found ai Maximilian Creak, 
Upper Gladatone, Donnell/s 
Creek Division, 1^ R. M. Thov- 

Boir 

Found at Cobblers' Gully, Cale- 
donia, St. Andrew's Division, by 
Jambs Goodbon (8 nuggets) 
Found at Specimen Gully, near 
Jones's Creek, Dunollv Division, 
by JosBFH Tysom Dbaoo and 
Edward Robinson . 

Found at Sebastopol, near Middle - 
ton Creek, Fryer's Creek Divi- 
sion, by Thos. Jonbb, senior . 
Found at Springhill, Creswick 
Division, by the Wbstbrn 
Lbwbbs Frkbhold Gold- 

Mining Company . 

Found in the neighbourhood of 
Amherst, by Robxkt McWor- 

THEB ..... 

Found at Specimen Gully, Jones's 
Creek, Dunnlly Division, by 
JosBFH Tyson Bbaoo and Ed- 
ward Robinson 

Found at Spriughill, Creswick 
Division, oy Ricrardson's 

WhBTRRN f^KROLD GOLD- 

Mining Company 
Found at Upper Sheepwash, Sand- 
hurst Dinsiou, by Dknny 
Found at Hard Hills, Berlin, 
Inglewood Division, by Thi'-mas 
WoROKRN and Robhrt Baird . 
Found at a blind gully uenr Iron- 
stone Hill, Sandhurst Division . 
Found at Springhill, Creswick 
Division, by Richardson's 

Wbstbrn Fbbbhold Gold- 

Mining Company 
Found at Blacksmith’s Gully, 
Amherst Division, by Jambs 

Brogan 

Found in the Amherst Division 
(name and locality refused) 
Found at (Jlunes, by the Lothaib 

Gimpamy 

Found at Crusoe’s Gully, Sand- 
hurst Division, by Marks and 
McEbnzib 

Found at Buninyong, in the 
Board of Advicb Co^any’s 
co-Gperatixe alluvial claim 
Found at Yorkshire Flat, Wed- 
derbum Division, by Robhrt 
Edmondb and Tkomab Etxiot . 
Found at Old Tom Gully, Hop- 
bum Division, by a ilnicing 

party 

Found at WhiBkey Lead, Hepburn 
Division, by Tuobby and Jack- 
son . 


Lb. 01. dwt. gr. 


Ft. In. 


Dec. 4, 1874 

1 Dec. 24 and 
r 28, 1874 


0 6 3 12 7 0 

( 0 6 6 0 1 
-^24 110}.60 
t 8 7 10 0 I 


Jan. 7, 1876 


6 10 0 0 


14 0 


Feb. 5, 1875 2 8 6 0 


8 0 


March 6, 1876 
March 12, 1876 


4 6 0 0 100 0 
1 3 0 0 0 0 


March 25, 1876 8 0 0 0 


14 6 


April 2, 1876 
April 23, 1876 


4 0 0 
3 17 12 


196 0 
Surface 


May 12, 1876 
About Juue 18, 
1876 


6 0 0 0 
6 0 0 0 


83 0 
1 b 


Juno 21, 1876 

July 1, 1876 
July 9, 1876 
July 11, 1875 

July 13, 1876 

July 2L 1875 
I Aug. 12, 1876 

Aug. 26, 1876 
Sept. 8, 1876 


8 0 0 0 

6 3 6 0 
2 16 0 
8 11 4 0 

3 10 16 0 


4 11 10 0 
0 11 4 0 
0 17 0 
0 18 0 


1 11 6 0 
10 10 0 0 


106 0 

0 6 

Not stated 
807 0 

8 0 


78 0 
9 0 

Not stated 


6 0 
14 0 



GOLD 




Locality, and by whom ftmnd 

Date of 
Diaoovery 

OramWdgh 

fTioy) 

Depth at 
whlMloBad 

Foand at Taba's .‘Hall Golo- 
Mixino Ookfaxt’s claim, Am- 
herst Division, by Rigrabd 

Allxutt 

Found at Blackwood, by Bobebt 
Sfikxbb and his son 

Sept. 9, 1876 

Sept. 17, 1875 

LU os. dwl gr. 

0 10 4 0 

1 8 12 0 

VI. to. 

60 0 

6 6 


OOXiOf raw UAULm. OTACM. in relation to the grouping of the gold 
riH'ft, Br. G. II. F. Uluich writes 

' !nie auriferous reo& opened throughout the prorinco differ very much both in 
structure and mode of development ; still there are some distriots of whioh, though 
they lie rather far apart, the reefs show much resemhlnnce to each other ; whilstin 
ulher districts comparatively close together, the difference in the nature and behaviour 
ot tho reefs is very great indeed. The reefs and other oocnrrenoes of gold in matruc 
may bo grouped ae follows : — 

ist ffroup. The Saddle Hill Poef, Green Island, near Dunedin; the Reeft of 
Tokomairiro ^Canada Beef, &c.) ; the Gahril Gully Reef, near Lawrence ; the 0. P. Q. 
Keof, Waipon — 2nd group. Tho Reefs of Bendigo, near Goonwell ; the Rough Ridge 
Reefs ; the CoNttor.’a Gully Reef, near Alexandra. — Srd gr(mp. The Reefs of Carriok 
Riinge. — Mh group. Tho Reefs of Aiiaow and Skipper's Creek. — 6th group. The 
Reefs of Macrae's Flat and Shay VallOT. — Qih group. Exceptional occurrenoes of 
gold in matrix ; the so-called Peninsula Quartz Reef at Fortobello. 

In tho newer drifts Dr. Ulrich mentions extensive sluicing operations along the 
hanks of the Molyneux, Kawarau, and Shotover rivers. Hydra^ic sluicing wasbeing 
carried on on a grand scale at Trickers and Blue Duck Chain. At the Dry Bread 
diggings 40 sluice leads of water, with a mean vertical pressure of 130 fb., lessened 
by about 26 ft. through friction in the pipes, were employed, and these were con- 
nected with 4,500 ft. -of iron piping. The older drift comprehends all the enormous 
deposits of harder gravel and cement called ‘ false bottom/ upon which the newer 
drift rests, in the extsnsive old lake basms of the Mamsherikia, Upper Taieri, CTutba, 
and other river valleys. 

OOUl ZW sroVA SOOTZA. Gold was first discovered in Nova Scotia in 
1H5(). Since that time the average annual yield for the province has been over 
17.000 ozs., the quantity for the fourteen years from 1862 to 1875, both inclusive, 
having been 242,072 ozs. 14 dwts. 22 grs., according to the Mines Department. 
This was obtained from 325,363 tons of quartz, which would give an average yield 
of 14 dwts. 21 grs. per ton. But counting at the official estimate of $\6 per ounce, 
and reckoning 300 working days to the year, the above amount would give an average 
of $626 a year for each man engaged in the industry. There has, however, been an 
almost steady increase from ,^249 per man, in 1862, to ^660 in 1875. Twelve steam 
aud eight water-power stamp mills were in operation more or less regularly during 
the year, but most of these mills are of small capacity, the quartz crushed having 
amounted to only 14,810 tons for the twelve months. 

The gold-bearing rocks form a broad belt along nearly the whole Atlantic coast of 
Nova Scotia proper. They consist usually of compact, white-weathering, greenish- 
grey felsitio quartzite, sometimes approaching in character to sandstone, inteistratified 
with beds of slate, wnerally of a similar colour to the quartzite ; but fluently the 
slaty bands are dark grey or nearly black. Several areas of coarse, reddish-gzw 
granite of considerable extent occur within the gold-bearing belt of rex^s. The gold 
is found in separate limited districts, of which about twenty are known. It generally 
occurs in thin interlaminar veins of hyaline quartz, accompanying the slaty handf . 
The outcrops of the veins, in each district, appear to be arranged in cemoentrio lines, 
approaching t he form of ellipses, due to domes along anticlinal axea 
m rararra. See Pi rites, auriferous. 

nr anATA, OAUOZrzmova. The Rev. W. B. Ctarkr is 
Mid. to have discovered gold in the coal measures in the sonthern districts of Sydney. 
Gold is also stated to occur in the coal measures at Peat Down in Queensland, near 
Hobart Town in Tasmania, and in New Zealand. Mr. C. S. Wilxixsox, one of tho 
Geoircsl Survey of New South Wales, states in the annual report for 1876 that 
uorihqf Gulgong, at Tallawang, the coal- measures cover a Inrge extent of country, 
and thwr lower beds have beeh found Wt he payably auriferous. This is the first 
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timt UiAt gold hai been noticed in payable quantity in the coal meaaiirei of Mew 
Sootb Wales. 

Apaft from the aeientiflo intereet attaching to the inbjeet of the geolomoal wae of 
anmerona alluTia, the fact that gold in payable quantity haa been proTed to exiat in 
the coal meaeoree is one of oonsidem.ble importance, for it may lead not only to the 
working of some of the conglomerate beds at the Old Tallawang Ih'ggings, but also 
to the disooveiy of other similar auriferous patches which no doubt occur in the 
Tallawang gold-field and in other parte of the colony where the same geological 
fisatures are presented. 

•out-MOBvoT or na u ai r aa sTATaa. Tiie following table, 
constructed by Dr. Boesimn W. IUYiioin>, is offered as an approximate estimate of 
the gold product of the United StatM since 1B47. and is the result of carefhl study 
of numerous treatises and partial statistics, in the light of much personal observation m 
the principal producing districts. Down to 1862, it follows the table compiled by 
J. Abtbub Phillips, and published in his Gold and Silver, From 1862 to 1866, the 
production of California is calculated by deducting from the express receipts of 
uncoined treasure at Ban Francisco, from * the nor&em and soutnem mines,’ the 
receipts from Nevada, and adding 1 0 per cent, to the remainder, to cover amount 
shipped in private hands. From 1866 to 1872 inclusive, the reports of the United 
States Mining Commissioner have been followed as a general authority ; but as these 
do not separate the product of gold from Uiat of silver, the division has been made by 
estimate, based on the known conditions and relations of the industry of different 
localities. The figures for 1878 are based on the express shipments, with arbitraiy 
allowances for pr^uct otherwise transported. Under the head of * Other States and 
Territoi ies,’ is included the product of gold from Oregon, Washington, Idaho, Montana, 
Colorado, Ac., and one>thixd of the product of the Cohstocx lode in Novadui^that 
being the avera^ proportion of gold by value in the Coxstook bullion. The Values 
are given in United States gold coin:— 


EttimaU of Gold Product of the United Stateefrom 1848 to 1878. 


Tears 

California 

Other States and 
Tenltorlee 

Total 

1848 

jr 10.000.000 


/lO.OOO.OOO 

1849 

40,000,000 

— 

40.000. 000 

60.000. 000 


60,000,000 

— 

1861 

66.000,000 

— 

66,000,000 

1862 

60,000,000 

66.000,000 

— 

60,000,000 

1868 

— 

66,000,000 

60.000.000 

1864 

60,000,000 

— 

1866 

66,000,000 

— 

66,000,000 

1866 

66,000,000 

— 

66.000.000 

1867 

66,000,000 

60,000,000 

— 

66,000.000 

1868 

— 

60,000,000 

1869 

60,000,000 

— 

60,000,000 

1860 

46,000,000 

1,000, 000 

46,000,000 

1861 

40.000.000 

8,000,000 

43,000.000 

1862 

84,700,000 

4,600,000 

80,200,000 

1863 

80,000,000 

10,000,000 

40,000,000 

1864 

26,600,000 

19,600,000 

46.100.000 

68.226.000 

1865 

28,600,000 

24,726,000 

1866 

26,600,000 

28,000,000 

63,600,000 

1867 

26,000,000 

26,726,000 

61,726,000 

1868 

22,000,000 

26,000,000 

48.000,000 

1869 

22,600,000 

27,000,000 

49,600,000 

1870 

26,000,000 

26,000,000 

60,000.000 

1871 

20.000,000 

28,600,000 

48,600,000 

1872 

19,000.000 

17,000,000 

86,000,000 

1878 

17,000,000 

19,000,000 

86,000,000 

Total 

^986,800,000 

j | r 264,060,000 

|fl,24(),7W,000 


of the American Inetitute of Mining Byiasww, voL iii. 


MU, COUmWA of. The bath usually employed for imparting the colour of 
fine gold to jewellery consists generally of an alkaline nitrate and common salt, to whi<^ 
is atmed some acid sidphate, like alum, or oxide of irou, so that a dilute aqua regia is 
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nrodnoad. R. WAmmi attempiad to mbfUtsto dilate aqua ngia, bat wltlunit laooeM. 
He aooompliahed his oljeet of obtaining a fine gold eolonr by niing a oblation of one 
gram of bromine and twenty-five jgrsmi bromide of oaloiam — or thirty grams 
^mide of jpoteiwium— -in one litre of water. The articles are to be left in the bath 
three to five minn^, then removed and rinsed with clean water. Alloys of silver 
and gold ar e to-b e rinsed with a solution of hyposnlphite of soda. 

•O&Bt ifcn h liTi rO. Cyanide of potassium acts on mercurial compounds with 
forric or ferrous salts in solution, by decomposing them and dissolving their consti- 
tuent portions, keeping the surface of the mercury metallic, preventing what is com- 
monly known as * fiouring.* Its use is therefore recommended in the process of milling 
gold. It mast be remembered that both gold and silver are not quite insoluble in 
cyanide. The loss of metal which falls upon the mercury, gold, or silver of these 
blanketings depends, therefore, entirely i pon the relative affinity of these metals for 
this salt. 

Mr.^ Skbt has worked out a list showing the electro-motive order in cyanide of 
potassium of various metals occurring in gold-fields or being employed for * milling* 
gold. It runs from negative downwa^ to positive : — 

Carbon, Lead, Platinum, Gold, 

Iron, Silver, Arsenic, Tin, 

Antimony, Copper, Mercury, Zinc. 

All other ores occuri'ing in nature are mostly negative to the whole series. Thus 
it is shown that whenever cyanide of potassium is used to assist in the amalgamation 
of blanketings, the loss falls upon the gold and silver present, the mercury being pro- 
tected from the action of this salt by these more valuable metals. — ‘ Electro-motive 
Order of certain Metals in Potassium-cyanide witli reference to the use of this Salt in 
Milling Gold,* by W. Skbt. 'Dransactvons of the Nm Zealand Institute, 1876. 

OOX» sarnmra BT TKB VBB Ol* BBOXZBB. Gold is readily dis- 
solved by bromine, and the bromide of gold is resolved by heat into metallic gold and 
free bromine. It is therefore a valuable agent for freeing gold from foreign metals, 
snch os lead, bismuth, antimony, and tellurium, which alter its properties. All tb a» is 
necessary is to add to the gold a certain quantity of bi*omine. 

M. B. WaoMBR, in the Buildin of the Chemical Socidg of Paris, suggests that 
bromine may replace chlorine in the process of refining devised by Millbr, and in 
Plattbhr’s process for extracting gold, and that it may be made especially valuable 
in treating the residues of roasted auriferous pyrites. 

aoul AJTB SZBVBB BXTBBOTBB BT TBB 0BCOB BXTBAOT- 
nro BBOCB88. According to the process invented by Mr. Chab. Sboob, the 
crushed ore is put in a machine resembling a covered pan. The first introduction of 
steam is at aWt 80 or 00 lb. pressure, which heats the mercniy, and sends it 
through the entire mass, and takes up all float gold ; the steam is then turned for 
awhile, and re-introduced at a lower temperature, just sufficient to warm the meronry 
and cause it to combine with the metals. From 90 to 96 per cent, of the assay value 
is saved by this process. The machine itself is a strong iron dosed cylinder ^ntain- 
ing b series of mullers, which keep the ore constantly agitated. The object of disinte- 
grating the ore by the steam is to thoroughly prepare the charge for amal^mation. 
and the pressure and the degree of heat tnat accumpanv it are put on according to 
the general character of the ores to be treated. After being worked for one or two 
hours at the high pressure required, the steam is shut off, and the pressure redu^ 
through a pipe for that purpose. Quicksilver is put in the charge, everything made 
tight, and ama^mation commences and ends in one or two hours. When flniuied all 
is discharged into settlers, and a new charge put immediatdy into the machine. 
Work is ^ing on all the time, for while cleaning up the eettier more ore is being 
^ted. ^e treatment of ores does not necessarily take the leng^ of time mentioned, 
but varies according to the dase. Some ore can be charged in the madxine and 
thoron^y treated as above in one hour and a half. For saving very fine gold in 
ores, gold ^t floats and cannot be predpitated, it can be easily understood that in 
amalgamation the hMt of the steam agitates the quicksilver, the muUers carry it up 
in the charge, bringing it in perfect contact with the metal it is searching for. In 
^tiog a c^huret a pressure of 60 lb. is put on to thoroughly disintegrate, deoom- 
desulpInsriBe, or arive oS the sulphate that hdds the gold a prisoner. That 
effected, fnaakamation is easy.' A very Wvv sulphuNt will have to be roasted prior 
to amalgamStton by this method, but it will not be neoeesaiy to crush the ore fiuo 
hrfore roasting. Deeulphnrieifig in a common limekiln fhmaoe, the ora, broken to 
we sise of an egg, is all that wifl be required, and ore in this way can be roasted In 
;e quantities. 

"t is stated thst vary base ores can be treated by the Shoos proooee raw, and mads 
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to yidd abobt 70 per cant. o{ fire away, but with tha aaabtaooa of a plain Ora traat- 
taaant in addition, tha yield will be sufficient to satisfy all raasonabla man. With 
ail^ar oraa this treatment is the same, except tha vary niodarata use of obemicali, tha 
coat ^ which is rety much less than in the ordinary open pan process. Tha snpposi- 
tion is that gold is mechanically combined in tha ore ; silver, with exceptions, cneoii- 
oally combined with other metius or minerals in the ore ; hence tha use at times of 
the addition of fire treatment and chemicals fbr tha sucoeasftil working and yield of 
silver ores by an amalgamating process. The quantity of steam used in this machine 
is merely nominal ; the steam unoe through the pulp with the first pressure on is the 
largest supply wanted. The continuation of the pressure through the pipe is to 
supply the trifling amount of steam that condenses. Mr. Seoob does not claim to 
treat all kinds of ore by this method, but tells us that the class of ores he can and has 
worked ■ucoessAilly with good yield is sufficient to handsomely remunerate him. He 
says that the process will enable parties to work low-grade ores at a cost that will 
yield a profit, and that mine owners can have the ores from their mines worked in 
quantities of firom 6 to 10 tons before purchasing the machines . — The Mining 
JwimaL 

CM>XiB QUAffiTZ, Oranulating Maohine for, in Australia. Mr. Edward Allhtkb 
Fitton patents certain ' Improvements in Machinery for Granulating and Pulverising 
GangueMiueralsand other substances, 'the most remarkable of which are machines which 
he calls the * lithobolos,' or catapult, the 'baiist^' and the 'arbalist.* The materials are 
placed on a plate or cup of metal, or other contrivance and materials, and by the action 
of repulsion or recoil of an elastic medium, such as a spring, or by a twisted coil or 
coils, into which the beam or arm of wood, &c., of sufficient strength is inserted, in such 
a manner as, when pulled or forced down by a lover, &c., the tension or torsion of the 
rope is increased, and when let go it of course rebounds or recoils back to its former 
position, when the matters placed in or held by the arm are clashed or prqfiectod 
aminst the metallic target, &c., by which means they arc pulverised and granulated. 

fine powder passes through a screen or screens in the periphery, or in some other 
position, as shown, and is there passed into a receptacle. 

Fig. 2365, drawing of the ‘ lithobolos,’ or catapult pulveriser, aaaa beams or 
arms, to which are fastened cups of metal, &c. ; or a hollow is made in the head of 
the arm (in the wood^ to lilt and hold the materials to be operated upon, until pio- 

2365 2866 



jected therefrom by the recoil, when they are set free from the cam, o, by the arm 
striking against the vulcanieed india-rubber or other elaetio cushion, e, fastened to the 
strong framework marked v>w. hhhh, framework ; o, latdiet wheel and palli or 
other contrivance for twisting the ropes, dddd, ropes of any material, s, axle, 
with metal fixture ; /, hopper to feed materials to the machine ; y, fly wbeel ; A, 
target, agsiust whiob materials are dashed and pulverised ; k, screen, either of 6ne or 
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move wreens woilnng together, throngli which the flue duet ie yi ie ed to veoeiTor, m. 
This may be fixed or eaueed to oedllate by a rod or other eontnvanoe worked by the 
gear. I, pipe, oonveying polverieed matem to receivor, m ; m, reoeijer ; n a, frame- 
work; 0 , cam, fixed or not, aa required ; ppppt friction rollers; r e, showing materials 
taken op by cop, and prcgeoting therefirom by the recoil ; w w, cross pieces of frame. 
Fiff. 2866, eoff wheeU 

Balista Pmoeriaer is a name given to a machine for crushing gold quarts by the 
force of blows, the material 
being beaten against a target 
by the power with which it 
IS thrown, as from a balista. 

The following is a descrip- 
tiouof the patented machine, 
jig 2867 : o, cylinder ; 6, 
target, of any suitable hard 
material ; c. hopper to feed ; 
dd, strong screen or screens 
un the interior ; e, casing of 
sheet iron, or other suitable 
inatorial ; /, plate or small 
cylinder, working in s, to 
hold materials to be broken ; 
g, groove or rod, in which 
the cam, A, works by forcing 
the plate working in the 
arms in the twist^ coil or 
coils by a slot, by which 
recoil of the plate against the 
elastic cushion, m m, and the 
]iowerful force of the spring, 
caused by said coil or coils 
or other means, the materials 
uio projected against the 
target with great velocity 
and momentum, and pulverised, when it passes over the screen or screens and through 
pipe to receiver, p\ %%%%, arms ; k, ropes connecting the arms of the springs, to in- 
crease the force of the recoil ; lll l^ twisted coil or ooUs ; mm, cushions of Tuloanised 
india rubber or a^y other elastic body which I prefer ; n n, slots ; ooo, frame ; p. 
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nemvw Ihr ths pulyerissd matters; levers, to twist fhe coil or eoili nf 

Wpes; rrrr, bolts to restrain levers. J^. 2869, elevation at ab. These machinfe 
»by be used in a hfirisontal, vertical, or any other position, as required. 



482 


OUAKO 


SMO: A, cylinder; a a, steel springs; b, bottom piste, in small evlindsr; ec, 
■evetn ; d, hopper ; $, tar^t, against which materials are dashed ; /, rod; p, groove 
in/, in which cams work; khhh, cams; goar; A, disohaige pipe, to receiTor; 
lit idiiot iron external casing; m, receirer; an, stays to target; o, frame; p, man- 
hole. Fia. 2868, plan. — Edwabd ALLanra Fnrov's SpeeifioaUpnt publirited by the 
Patent Office at Melbourne. 

aBMraXTB, For the ralnation of graphite, M. Q. 0. WirrsTaix, in BnroLnn's 
Polvfieknio Journal, recommends fusion with oxide of lead ; and he oonducts the 
analyaiB as follows : — 

1 mm (15*482 grains) of the finely-powdered sample is heated to low redness, by 
which water is driTen off. The dry substance is fhsed for half an hour with 8 grams 
of a mixture of equal molecules of the carbonate of potash and soda, and 1 gram of caustic 
potash or soda. The fused mass is treated with water, and the filtrate set aside. The 
portion insoluble in water is digested for some time with hydrochloric acid (the filter 
ash being added), and the insoluble portion therein collect^ washed, dried at a gentle 
heat, and weighed os graphitic carbon. The acid filtratic is mixed wiUi the aqueous 
filtrate formerly obtainea, the liquid is evaporated to* dryness, and silica, iron, and 
alumina are estimated in the usual way. 

MMMffiM BTOira {Magnetite). Carbonate of MagneHim, Stbomxybr gives its 
analysis — 

Magnesia 47*64 

Carbonic acid 60 75 

'Water 1*61 


It is found in Upper Styria, in Moravia, in Silesia, and in Piedmont. It is also 
abundant in the United States and in Canada. See Alkali Mamufactdbb. * 

OMBMWt AnirAnnoy’s. Chromic metapho^hato. 

Orrbn, Adolfo Casali's. He proposes, instead of the expensive chrome greens, 
to calcine strongly an intimate mixture of 1 part of bichromate of potash and 8 parts 
of baked gi^sum. The result is a graas green mass, which, on boiling with water or 
mixing with dilute hydrcchloric acid, leaves a fine powder of an intense and beautiful 
green, possessing a very high colouring power. — Garetta Chimica Italiano, anno iv. 

ClBBXir, Gdionbt’s. Hydraied Seequioxide of Chrome, called also Emerald Green 
and Fankhtixb’s Gxsen. 

Gbuk, Lbunb and Castelhaz’s. Hydrate Chromic Oxide, 

Gnaaif, Mathibu Plbsst's. PhoapMie of Chromium. 

Gbbbk, Ultramabiwb. Anhydrous Chromic Oxide. 

QMMMK fiMUULSa. One of the products obtained in the distiUation of coal 
tar, which is used for preparing crude anthracen. See Anthbaobn. 

OmMVB OU-BBUSnra MMOKZVM. See Orbs, Dbkssino of. 

ffiMDIBBW. A rock oompoaed of mica and quarts, abundant in New South 
Wales. 

OMOmni nr, AniOAir. See Arachis Htpoosa. 

OVAVO. Dr. VoBLOKXB found that the nitrogen in the Peruvian guano was, on 
an average, equal to rather more than 12 per cent, of ammonia. 

Guano, Fbat-Bbntos, A new manure, prepared in Fray-Bentos, in the Uruguay 
Meat Extract Manufactory. 

The manure resembles meat flour, being a fine dry powder, smelling of glue. It 
eonsista of— 

Water (at 180®) .... 

‘White ash 

Sand 

Phosphoric acid 20*07 

Lime * 

Magnesia 

Bnlphuric acid, potash, &g. . 

Oiganic matter .... 

Kitrogaa 


This manure was introduced b^ J. Mbisbnbb, of Leipsie. 

Guano, Austbalian. Australian papers state that the Chief Seeretny of Tiotoria 
has received from the Acting Colonial Secretary of Western Australia a copy of o 
aotiee inviting tenders for the removal of guano from the lAcepede Islands, on 



Mean of two 
detennlnotlons 
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0*24 
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40*74 

2*64 
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. 20*07 


. 26*44 


0*76 


. traces 
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41*08 

4*65 

100*01 
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north- wort oonot of that colony, and that the Govornmont offer to grant the oxelusiTo 
tight of removiiw guano for three yearn from July 1 , 1877, the license to take a minimum 
amount of 40,0(W tons during that period on a royalty per too. 

aVM CMIVA& nUBM. Mti Sandanui. In the Consular Beport from Zan- 
sihar is an aeoount by Captain Kltox of those trees : — 

< Leaving the toWn of Bar es-Halam, and passing through a clearing of the usual 
East Coast desoriptiun, Captain Eltok soon reached a spot where the slores employed 
in clearing land had come upon an extensive belt of these trees. Their immense size 
and uuml^er astonished him. He measured an average tree, and found it 60 ft. high 
with the tup branches lopped off ; the girth at the ground was 4 ft. 3 in., and it was 
2 It. 10 in. at the first branch, above 21 ft. from the ground. On stripping off the 
bark, the gum was found deposited in many places between it and the wo^ in a liquid 
form. Where the tree was injured a resinous gum had collected in considerable 
quantities, and it was also seen on the lower sides of the branches of several trees; 
and uno of the two slave guides stated that his wife had received a dollar for what 
she luid dug at the foot of a tree where a rotten branch bad fallen. It seemed pro> 
ItaMe that where trees liave been left to fall to pieces firom old age, large quantities of 
giiin limy lie found buried. Insects innumerable live on the Mti SatKMrtui, One 
brunch was cut down, in which a family of ants had formed a large nest behind a wall 
ot' the gum, and were rapidly undermining the heart of the wood; and legions of 
wuud lice as well as ants were to be seen between the bark and tlie wood. Captain 
Ki.i'ON and Lieutenant P. I'dllen, who accompanied him, came to the conclusiuii that 
the attacks of the swarms of auLs and other insects led to the slow but sure destruction 
oi these trims, and tliat as the heart of the wikmI becomes undorniined. a tree tliruws 
out tlie resinous gum almost, it would seem, in an effort to arrest the process tif 
decay. After the fall of a tree a few years would bury the wreck in tlie shifting sand 
which covers the surface of the sienna-coloured siilisoil, rich in vegetable remains, in 
which the copal tree is found. The slaves stated tliat one could travel for two days 
into the interior before losing the MH Sandarmi \ but Captain Elton says that at 
the rate at which the clearing progresses, it will not bo long before this co^ial tree 
wood becomes a thing of the |Nist. Almost all the trees are festooned with the lung 
intertwined ropes of india-rubber Uuina, the thickly-matted cords of wliich, pendant 
from tlie main limbs and knotted into a sort of rigging, supply easy moans of ascent 
to the natives looking for the resinous deposits on the branches. This india-rubber 
Wiis at one time worked raUier extensively here, but was given up as unprofitable in 
conseqnoiico of the number of slave lads carried off by leopards. The slave guides 
easily worked up two large balls of india-rubber fur Captain Elton. After making deep 
luiigitudinal incisions in tlie main ropes of the Uiana, they smeared on the lofo arm 
the milky substances, which exuded profusely; and when enough had been procured, 
this was stripped off in finkes and rolled up in the bauds until it assumed the sluijio 
oi a siimII dumpling. At Bar-os-Salam it commands a price of from to $\0 per 
frusilali of 3.*} lb. 

OUBil BOFMJUrV. In the manufacture of the Hofmann violet, by the action 
of ethylieor niethylic iodide upon rosaniline there is produced a considerable quantity 
of a durk-coluured resinous substance, to which this name is given. 


H 

KJBMATXiroir. A flux of a fine red colour employed in mosaic work. It is 
prepared as follows : — 


Pure quartx sand ...... 00 parts 

Oxide of copper . . . . • . 10 „ 

Ferrusofernc acid 3 ,, 

Calcined borax ' HI „ 

,, soda . . . • a a .10,, 


The mixture must be brought to a voiy high temperature and then sllowed to cool to 
dull redness, at which it is to be kept for some time. The mass is usually covered 
with a vitreous green slag.— M. R. Katber, Poly, CvniroXhlatU 
■AXB B&AA See Cotton, Silioatb or. 

OB BAVTBA. This is a name given to a new substance introduced 
for flnishing cotton materials. Hai-thao, or gelose, is obtained from an alga, occurring 
abundantly in Cochin China and in the Mauritius, in the form of course flat fibres, which, 
VoL. IV. F F 
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vhen htird and tough, are about 30 centimetres lung (2^ centimetres to 1 inch English). 
It is insoluble in cold vater, but dissolves in hot water— after boiling for about ten 
minutes — forms a transparent, thin, dirty solution, which on coobng deposits a 
yellowish jolly soluble on boiling. It is insoluble in alcohol, hot or oold. HixuuNif 
shows that for finishing cotton goods it can only be used in hot solutions, and that it 
is fitted only for fine textures, soft and firm to the touch, but that it is inferior to 
dextrin. A dilution of 1 part of the thao with 300 of water is necessary to ensure 
the fixing of it on the textures. Neither dextrin nor starch fills the thread as per- 
fectly as tbao, and those substances produce a much drier texture. It is sold in IViris 
for 0^ francs per kilo. — J. J. Hbilmanm : Dinql. Jour, ccxviii. 

OZiASB. See Gutss, Touohmhhd. 

BBAT. One of the most important questions which comes under this head 
relates to the loss of heat in the combustion of fuel, especially the large proportion of 
fuel which is lined in the production of steam. The economical working of a steam- 
engine is entirely dependent on the weight of steam required for the derclopmeut of 
one indicated horse-power ; so the economy of the boiler will be according to the weight 
of fuel required to produce a certain weight of steam at a certain pressure. Thus one 
of the most important practical questions to be considered in relation to the economy 
of heat has reference to the best mode of constructing, fixing, and firing the boilers 
used for producing steam. 

The theoretical evaporative power of coal varies from about 11 to 14 lb. of water, 
evaporated from 212° Fahr. by 1 lb. of coal. The difference between the amount of 
heat contained by coal, and the quantity utilised in the production of steam, forms a 
loss which is accounted for in the following ways : — 

Ist. To the defective construction of builer and boiler fines, allowing too large a 
proportion of heat to pass away into the chimney. 

2nd. To an excessive quantity of air passing throngli the fire-place. '' 

3rd. To proper means not being taken to prevent the radiation of heat, &c., from 
the upper surface of the boiler. 

Some experiments made at the Nunnery Collieries, Sheffield, under conditions which 
tend to reduce the amount of loss from the causes above mentioned, are liere recorded 
for the purpose of showing the small amount of loss which takes place in the cost of 
a boiler constnicted on improved principles. 

The boilor used was a double tubular boiler without cross-tubes, the general dimen- 
sions being as follows : — 


Length « . 

, 

, , 

. 32 feet. 

Diameter . . • 


, , 

. 7 „ 

Diameter of tubes 



. 2 „ 9 inches. 

Lungtli ol grate 

. 

. 

. 6 


Fliuige plates, forming tubes of smaller diameter, provide the means of expansion 
in place of rings. Thickness of tube plates, ^ths in. ; ihickuoss of shell, in. 

Quality of coal used. Nunnery Colliery Fark Gate Hard Coal ; — 


Units of heat contained by 1 lb. of the coal, as tested by a reliable 

analyst 18,030 

Duration of experiment 6 hours 

Quantity of coal used 44R lb. per hour 

Quantity of water evaporated 6,183 „ 

Average quantity of clinkers and ashes remaining from above coal 27 „ 

Temperature of feed 166° Fahr. 

Indicated pressure of steam on gauge 46 lb. 

A verago heat at the damper, where the gases finally leave the boilor 876° 
Temperature of air in front of and passing into the boilor . . 102° 

Mean temperature of air at the top of and about the boiler . . 66° 

Mean volume of air passing through the flues : 200 feet per lb. of coal consumed. 


The above experiment is one of a large number made on successive davs, the results 
of which were nearly all alike. The weighing-machine in which the coal was weighed 
was carefully tested, and the meters through which the water passed were also tested. 
The air passing through the flues was measured by an anemometer, and a pyrometer 
was fixed at the damper. 

The level of the water at the commencement and end of each experiment was the 
same, and the same description of coal as that used for the experiment was used for 
about an hour before its commencement. 

The boiler was fixed upon a plan invented by Messrs. Htdks and Bbniutt, whJeli 
oonsiste of the following arrangements : — 
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1. Tho gaM§ from the coal pan through the two tubee, and then pnae under the 
loirer half of the boiler, altervards returning over the top of the boiler to the ehimne} . 
In passing under the boiler the gases do not come direot, but work backwards and 
furwiirds through a number of narrow passages formed by flre-dlay slabs placed at 
right angles totha boiler, and the effect of this arrangement is to cause a la^ quan- 
tity of the heat cohtiiinod in the gaees to be left behind. 

2. Each fire-place is provided with a small steam jet, which is used immediately 
after firing, and which is of service not only in preventing the cold air from impinging 
upon the surface of the tubes, but also in causing a more complete admixture between 
(he air and tho gases arising from the incandescent fuel. A door in the bri<^|e, 
worked by a handle coming to the firont of the boiler, is also used, and this being 
open for a few minutes after firing, prevents the formation of smoke. 

Tlie distribution of heat contained by the coal has boon earefhlly calculated, and is 
shown by tho following statement : — 


1. Units of heat utilised in evaporating 5,138 lb. of water per hour by the 

consumption of 448 lb. of coal 6,312,656 

2. Units of he.it lost by hot air, &c., passing up the chimney . . . 413,076 

3. „ radiation from the outside surface of tho boiler and 

of tho brickwork over the tup of the boiler 11,068 

4. Units of heat lost by contact of the sumo surfaces with cold air . . 10,009 

h. „ in soot 8,776 

6. „ ashes 58,636 

7. Unaccounted for 23,223 


Total 


5,887,440 


The total of 5,8.37,440 (12,030 x 448) represents the total quantity of the units of 
lieat contained by the coal used m one hour, as ascertained by actual exporimouts upon 
an Hvoruge sainplo. 

The above experiment shows that so large a percentage as 91 01 of tho total heat 
contained by Uie coal used was utilised in the production of steam. 

ll.id the boiler been provided with cross-tubes, and had the two main tubes been 
made of thinner plates, tho result might have been still more favourable. — E. B. 

HBKP CJLXa. This IS chiefly used foradultoratiug linseed cake. See Ferdixu 
SUFSH. 

BXXrWOOBZTS. A phosphate of copper and alumina. (See Lazulitb, vol. iii. 
p 46, and Turquoibu, vol. iii. p. 1048.) Supposed to bo a new mineral found at 
West Phoenix Mine, near Liskoard, Cornwall, existing in globular masses of a bluish 
green colour upon limomte. 

It was thought to be a variety of Andrewsitc or chalcosidorite, but analyses mode 
by Mr. J. H. Collins proved it to difi'or from either of these minerals. He gives its 
composition as — 

Water 18*71 

Copper oxide 7*77 

Alumina 19 96 

Phosphoric acid 53*56 


lOO’OO 


The composition of tho minerals which this mineral most nearly resembles is thus 
given by Mr. Collins : — 



B'O* 

A1*0- ^ 

OuO 

MgO 

HK) 

Callainite ' . . . • 

Lazulite 

Wavellite . • . . 

Turquoise . . . 

Henwoodite .... 

42*39 

4680 

84 40 
32*60 
64*96 

30*76 

31*00 

37 30 
46*90 
19*93 

7 69 

13*20 

26*86 

6*00 

28*30 

20*60 

17-42 


MlnenUoffical Magaeine and Joumai qf tha Mineralogioal Society t August 1876. 


BZBBfl. Bee Lbathbb. 

BOUiTXOOIK. Used in adulterating wines. See Wines. 

BOPS. Veed in panary fennmUUion. To prepare a leaven a handful of iVesh 
hups Is boiled in a litre (1*760 pints) of water, and thrown on a cloth. The suluiion, 
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sufficieut for 12 lb. of floor if used directly, ia mixed with maiae floor or potat6 starch, 
thepaste dried, broken up and kept for use in a dry place. 

For bread-making a handful of this leaven is put into water with aliout five handfula 
of flour and enough water to mfike a light paste. The mixture is left OA^er night in 
a warm plaoe to ferment, and on the morrow mixed with about 10 lb. of flour and 
water in greater or less quantity as the bread is required to be more or less fermented. 

It would therefore appear that hops contain an alcoholic ferment capable of resisting 
boiling water. — ^M. Saco, Com^ptM Ixxxi. 

■oxmuonifl. (Vol. ii. p. SOO.) See Lava. 

BOMSHAXK, VBOBTABXA See Chahauop Humilis. 

BOX a&AST. See luox. 

BTAOZVTB. See Ziiiooir. 

BTBVOOABPV8 WZOBTZABA. A native of Oeylon and the Malabar 
coast of India. Its fruit is about the size of an apple, the seeds yielding a quantity 
of fatty oil. The oil obtained is of a greenish colour, somewhat similar to eajuput oil. 
It is iu many respects like the chaulmoogra oil. The boiled oil is of a deep gret'U 
colour — with acid it first turns Sienna brown, and afterwards to a light brown. 

The seeds of Hydneoarj^ cannot be mistaken for those of Gynocardia ; they are 
much smaller, flatter, and of a dirty white. The kernel of Uith seeds is a dark 
brown.— W. Dymogx, PJmthi. ,7. Drana. vi. See Chaulmoouba Oil. 

BTBBAVXilO nUBSUBB, employed for loading and unloading cages of coals. 
See Coals, raised by Hydraulio Preuure, 
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ZOB and ZOB-MABZBOa See Hbprioeration and IlRKRiaRBATons. 

ZVa. A name given to one of tlie bow-string humps, from Angola. Soo San 
suviHBA and TaxTiLta Matbrials. 

ZamZA or OKZWA Zirx. Although the Chinese prepare their ink from the 
kernel of some amygdalaceous fruit, yet, by thu aid of unr present chemical appliances, 
we are able to produce a onin position in no way inferior to the best China ink by the 
adoption of the following formula : — 


Calcined lampblack 


Doghead shale black, in impalpable powder 
Indigo carmine, in cakes . . . • 


Indigo carmine, in cakes 
Carmine lake 
Gum arabic (first quality) 
Purified oxgall . 
Alcoholic extract of musk 


100 parts 
50 „ 


The gum is dissolved in 60 to 60 parts of pure water, and the solution filtered through 
a cloth. The indigo oirraine. lake, lainpbliwk, and shale black are incorporated with 
this liquor, and the whole ground upon a slab, with a nmller, in tlie same manner as 
ordinary colours ; but in this case the finding takes much longer. When the ^to 
is thoroughly homogeneous, the oxgall is gradually added, and then the alcoholic 
extract of musk. The black is allowt^ to dry in the air until it has acquired suflicieot 
consistency to be moulded into cakes, which in thoir turn are still further dried in the 
air, out of the reach of dust. When quite firm, those cakes ore compressed in bronze 
moulds, having appropriate designs engraved upon them. The moulded ink is then 
wrapped in ti^oil, with a second envelope of gilt paper. The ink which has been 
prepared in this manner possesses all the properties of the real Chinese article. Its 
grain is smooth ; it flows very well, mixes perfectly with many other colours, and 
becomes so firmly fixed to the paper, that other colours may be spread over it without 
washing it out.— Riitfault, On the Manufacture of Colours. 

ZZrSZA-BVBBBB. Hee Caovtchouo. (Vol. i. p. 601, &c.) Avrigan. — The pro- 
duction of a giant tree creeper {Landolphia flortdal) growing in considerable quantities 
north of the river Con|p>. 

The plant that produces it very commonly covers the highest trees, principally on 
those near rivers or streams. Its stem is sometimes as tmek as a man's thigh, and 
in the dense wood of Quiballa Mr. Montbibo says he has seen a considerable extent 
of forest festooned down to the ground, from tree to tree, in all directions with its 
thick stems, like groat hawsers; above, the trees are nearly hidden by its lai¥;e, 
bright, dark green leaves, and studded with beautiful bunches of pure white star- 
like flowers, mostly sweet scented. Its fruit is the size of a large orange, of a yellow 
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rolour when ripe, and perfectly round, with a bard brittle shell ; inside it is ftall of 
a soft reddish pulp, in wl^ch the seeds^are contained. This pulp is of a Teiy agreeable 
acid flavonr, and is much liked by the natives. Every part of this creeper exudes a 
mill^ juice when cut or wounded; but, unlike the india-rubber tree of America, this 
mill^ sap will not run into a vessel placed to receive it ; it dries so qni<^y as to 
form a ndge on tKe wound or cut, which stops its fttrther flow. The blam collect it, 
therefore, making long outs in the bark with a knife, and as the milky juice gushes 
out, it is wiped off continually, and smeared on their arms, shoulders, and breasts, 
until a thick covering is formed ; this is peeled off their bodies and cut into small 
nquares, which are said to be boiled in water. From Ambris the trade in this india- 
rubber quickly spread south to the river Quanzn, from whence considerable quantities 
ill -0 uxportod. — Anaola and the Rtvfr Congo^ by Joachim John Momteiro, 1875. 

Brascil. — C onsul Grrkn, reporting on the trade of the Brazilian provinces of Para 
and Amazonas, states that the crop of iiidia-rubljier, which was little over 2,000 tons 
in 1801. has been steadily increasing ever since, and reached 6,768 tons in the year 
1 875. He is able to add that there are vast india-rubber yielding districts which have 
tii vcr yet lieen touched, and that if the rumours that the old districts are becoming 
oxhaiisieii should bo correct, there is no reason why the yearly collection should not, 
111 onlinary seasons, continue the steivly increase it has shown for some years past, so 
long as there is an outlet for the produce in the European markets. The increase in 
1 875 u as less than usual, but he observes that this was owing to an exceptionally long 
ramy season and much sickness, and must not be taken as a criterion of a diminution 
of population or an unwillingness of the inhabitants to work. 

The produce market of Arecnta, Brazil, has, ever since July 1874, been furnished 
with considerable quantities of india-rubber: the exports of 1874 amounted to 265 
bales of 170 lb. each, chiefly sent to Ceam and I’ornambnco for shipment. It is the 
produce of Hanronna Spenosa. If the people of the intcrifir whore the milk of the 
mangalrra is collected knew how to prepare the rubber properly from the juice or 
milk, no doubt the nowly-discovorcd material would soon lie followed by improvement. 
It fotclies a far higher price than any other native produce brought to market, as much 
as 000 rois per kilo, being paid for good ami dry qualities. The country where it 
IS gathered and prepared is about 100 English miles distant, and the trees cover a 
billy district of 36 leagues long by about 4 leagues broad. — The Journal of Ap^died 
iSicirncr. 

ZITBIOO, aZT&iiCT OF. A correspondent of the Chemical News, January 1875, 
fljiys : To make wli.it is gonernlly calJcal Sour Rrtract of Indigo^ mix 5 lb, of l^st 
Bengal indigo in 30 lb. of strong oil of vitriol. Lot it stiiiid fur five days ; then put it 
Ilia tub, and add 40 gallons of boiling water to it; then filter while hot through 
hi rung felt cloth. The Alters are usually made in this way. A frame like a table- 
top, 8 yards long and 2 yards wide, is divided into four fillers. Fioces of wood across 
•ire put on the top, and made to fit the holes (the shape of the bowl, with small holes 
ix'i’loratod in them) ; then the felt cloth is put on the top, and the liquid is Tsiured on 
It. The sediinont at the lop is iiKxl to colour pottery mould. The fluid which runs 
Hmmgli IS mixed with 40 lb. of common sail, and digested for six hours; it is then 
ret limed to the Alters again fur four or flvo days. That which is left on the filters is 
the extract. 

To make Free Exiract of Indigo, put 100 lb. of tho sour extract in a tub writh 12 
gallons of water. Neutralise the acid with strong soda-ush liquid ; then put it on the 
fill* rs fur six days. Tho matter left on tho flitors is the free extract. 

Imiioo, used to adulterate wines, and its detection, see Winrs. 

ZirBZOO Brnsra Fom WOOB. The Ilyposalphite Bisulphide of 

soda is used in solution at 6** B. ; 100 litres are poured into the air-tight agitation 
cask, with 7 kilos, of zinc powder, and stirred for twenty minutes. The liquid, which is 
now converted into hyposulphite, is drawn off into a pair of lai^e closed tulies, con- 
taining milk of lime, formea of 1 part lime to 6 of water. The liquids are well mixed 
in these tubs, and allowed to aettle till the supernatant solution of hyposulphite is 
quite clear and slightly alkaline. 

Of this liquid 40 litres are taken to 1 kilo, of ground indigo. This weight of tho 
colour, ground wet, is placed in a tub holding about 60 litres. The 40 litres of 
hyposulphite are added, and the whole heated to 60° C. One or two litm of milk of 
lime are then added, and, if needful, a few more litres of the hyposulphite, nnril the 
mixture is a fine yeUow. Lime plays an important part in tho reduction of the indigo, 
and must be used with caution. TTie reduced indigo is then poured into the vat, 
which Qontains merely water, but which, after the introduction of the indigo, must 
have a slightly alkaline reaction. From time to time, therefore, the addition of milk 
of lime is necessary. If too nluch lime is added, the wool feels harsh when takeu from 
the vat, and the indigo is not fixed, being capable of removal by washing with soap. 
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When' thii happAns, acid mast b« added the Tiit.~IvKi hank’s Fdrbcr Zeitung^ Noi 
19,1876. duly 2, 1876* 

IW9m (Vol. ii. p. 914.) RoicaB discoveiM in 1848 that a dilute solution of 
the oulouiing matter bf logwood, mixed with some neutral chromate of potassinm, 
made a very perfect ink if kept Arom the air. On exposure to the air, in the inkstand, 
it sometimes decomposes very rapidly, its colouring matter being dex)OBited in the 
form of large black flukes, which leave a colourless liquid above them. This gelatin* 
isation is a defect in this ink, particularly as the precise conditions that determine it 
are out known. Different means have been proposed to prevent this action ; the best 
seems to be that of the addition of carbonate of sodium recommended by Bottomu. 
To prepare this ink, take extract of logwood 16 parts, water 1,000 parts, crystallised 
carbonate of sodium 4 parts, neutral chromate of potassium 1 p>irt. Dissolve the 
extract of logwood in 900 parts of water, allow it to deposit, decant, heat to ebullition, 
and add the carbonate of soda ; lastly add, drop by drop, with constant stirring, a 
solution of the neutral chromate of potassium, in lUO parts of water. The ink thus 
obtained has a flne bluish black colour ; it flows well from the pen, and dries readily. 
The chrome ink powder of PxjkTKKk and the acid ink of Poncbi.bt are imitations of 
the original ink of Runok. This ink of Runqr is remarkably fitted for stool pons. 

ZSOVOSS. Algbria. The most remarkable Algeri4in iron mine is Mukta-ol- 
Hadid. The hill of Mokta, in which this mine is situated, lies on the side of the Lake 
Fetzara, at the foot of the chain of mountains running north and south, and turning 
eastward almost to the port of Bona, from which the mine is distant about twenty- 
two English miles. 

The importance of this mine is shown by the fact that in 1874 it shipped from tho 
port of I&na no less than 4.30,000 tons of ore, roproRenting 260,000 tons of metiLllic 
iron. The entire production of steel in Great Britain did not oxcurd 600,000 tons„^)er 
annum, and this mine is said to bo capable of furnishing one-quarter of the ent^iro 
yearly make of steel in Europe. The present adventurers have opened out also 
the mines of Eorexza, Buu-Hamra, and Marouaina. 

Although the name of the mine, Mokta-el-Hndid (the iron pass), indicates that this 
deposit has, no doubt, been known from ancient periods, still there dues not appear to 
have been any evidence to show that it had been worked upon before 1840, and then 
not on an extensive scale until tho (Johpaqnib obb Minks db MoxTA-KL-IlAniu was 
formed, with a capital of 600,000/. 

The iron deposit crops out to the surface on the sides of an elbow formed by tlio 
hills on the northern bank of Lake Fetzara. See Annmire de VAssociatim des Jnyi- 
nieurs toriis de VEcole de lAvge^ vol. iv. p. 182, for a paper read b} M. Bucouk 
entitled * Nute lur le gisement et I'exploitation do mineral de Fer de Mokta- ol- 
Hadid.’ 

In 1875 the actual quantity of ore extracted from those minas amniinled to 414,808 
tons, the quantity actudly delivered to purchasers being 309,612 tuns. 

The iron ore returned ns imixirtod into this country in 1876 from Algeria was 
65,620 tons, of the value of 61,808/. 

The other iron mines in Algeria are : — 

Cam£bata, on the Djebel Aouavia, which forms the promontory on the maps. Cape 
Oulassas. It is expected that this mine will soon produce 200 tons a day. 

Bkni-Saf, near to Camerata, now having 323 men at work. 

Goubaqbs, worked by the Coufaonib dks Fobobs bt Fondkribs de Cuatillon bt 

COMHBNTRT. 

Ain-Badonna, worked by tlie same company. 

Djrbel Ha did, near T^nes, now worked by an English company, especially on the 
lodes of Oued Maselmoun. 

The Hills of Bbni Aioha, near Novi, are important iron ore deposits. 

Zaocab is worked actively, and sends off excellent ore to Algiers and Oran, 

Dbpabtmbnt of OoNSTANTiNa — Thirteen mining concessiuns are grant^; nine 
are at work (1876). 

Djbbbl Filfilah, making trial workings. 

Sidb-Safi, an open quany, producing a manganiferous iron ore. 

OuBD Masbijioun. a new brand of pig iron <E. H. M^elmoun) is now being pro- 
duced b^ the WiOAN Coal and Iron Company from vwy pure pres, produced from 
this their own iron mine in Algeria. 

Africa.' Commander Cambbon has, in his 'Across Africa,' many interesting notices 
respecting iron. We extract two or three of them : — 

* In Kwas4r6 there were two or three small foundries about 12 ft. square, with a 
raised bank round the sides, the centre of the floor slopin^f towards a deep trough, 
which was placed to receive the molten metal. The remains of a ftimaoe my in one 
corner, and clay nozzles for the wooden bellows were scutlered about in all dircetious. 
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The whole of the floors of tlieso fouudries were erell pllMtered isith smooth end 
polished cla^, bui’nt quite red iu many fdaces. . 

‘ At the villaffe of Man^hTa, in which, standing amongst many othm, ironworks wore 
found. All had two or three foundries in them, upwards of flO ft. lone by 20 wide, 
with low .walls, and an enormously high roof. In the centre was a pit, 6 ft. wide, 
4 deep, and 20 lodg, rather shifllower at one end than the other. Across this, about 
6 ft. from the shallow end, was built n clay ftirnnce 4 ft. wide. The smaller of the 
two divisions of the pit was used as a stoke-ho'e, whilst the ore and the slag ran 
into the other, and round the sides wore small divisiuhs containing charcoal and ir *n 
ore. They sometimes use as many as a dozen pair of bellows at one time in order to 
nnike a sulflcieiit blast. Their bellows are formed of two upright and parallel shallow 
wooden cylinders with vents leading into one nozzle, which is protected by clay from 
the cftecia of the tire. These cylinders are covered with grass cloth having a stick 

ft lung fastened into the centre, and are worked by holding one stick in cech hand 
and moving them up and down alternately as fast as jmssible. By this moans a good 
.wkI continuous blast is produced. After smelting, the iron is worked by smiths into 
Mnall p'oeos weighing about 2 lb , and shaped like two cones joined together at the 
Itabc, and a piece or rod tho size of a large knitting needle projects from both ends. 
Ill tins form the metal is hawked about for sale. Small open sheds are used as 
snniliies, and tho anvils ami large hammers arc made of stone, but small hammers are 
of iron. These of stone are proA'ided with two loops of rope to serve na handles, 
wlnlti tho iron hammers are simply grasped in the hand and are Anrithout handles. . . . 
Two days’ inarching from Manyara brought us to Kwak^rongo. On our way we 
passed a hill composed almost uiitiroly of black speculum iron ore, and a curious 
mount of pn cipitous cliffs, which formcil one side ol it, rose sheer out of the^plaiii. 

' The Lovalo country, which is divided into districts, goA'ernod hy distinct chiefs, is 
spoken of as abounding with foundries, and where the majority of tho men work in iron. 
In this> district Captain Camkhon noted a wonderful variety in tho coiistrAction of tho 
huts; they were square, round, and oa'hI, having high nnifs, in some instances running 
into two or throe points. At the village of Sha Helomhe, chief of the last district in 
Lovale, Captain Camuuon wriUs : — *' Near tho camp was a small and peculiarly shaped 
furuaco for smelting iron, ami I was told that tho greater portion of the iron worked 
in Lovale was smelled at this place. Tho ore is toiind jn the form of largo nodules, 
in tho riA'or>l)eds, whence it is dredged up at the termiuatiou of the dry season.” 

‘In Lovale, generally, tlie people import iron in large quantities trum Kibokw^, 
and work it cunningly into arrow-heads of fantastic forms, and into very prettily orna- 
mented hatchets. The hHlchots are also very iiigeuiously contrived, the upper ^rt of 
the blade or tang being round, and it may be placed in the handle to serve oitnor os 
an edge or azo.' 

A little further on his journey ho writes ; — ‘ West of LoatiIo is the countiy of 
Kihokw^, whore the rise out of the central depression becomes very marked, and the 
countiy is nearly all covered with forests. . . . Tho people work iron tastefully and 
well. They obtain the oio from nodules found in the beds of the streams.’ 

In tho appendix to tho second volume Camhron summarises tho natural products of 
the country ; and in this manner deals witii iron : — ‘ Amongst minerals, iron takes 
the first place. It is worked in the north-west portion of Unynnyomb6, whence it is 
carried in all directions. Hoos made there ore even exported to the const hy down 
caravans. Hesmatite ore is common all aliout tho country of Unyamw^i, and is 
found in Ubfldiwa and Uhiya, as also about Muiiza, in Uma. In Mnnyn^ma there 
is a beautiful black speculum ore in great quantities, and the iron product from it is 
much valned. Br. Livinostonb also discovered much iron to the westAirard of Lake 
Nyassa. The Kibokw^ nodules of ore are dredged up from the streams.' 

Canada. — Meteorio troH was found in 1864 at Maaoc. The mass weighed 8701b., 
and contained 6*30 per cent of nickel. Other mames have also been found in the 
North-West Territory. 

Magnetic Ore. — In the Lakes Superior and Huron region magnetic iron ores occur 
in lar^ quantities : — To the south of Nequaquon and Oun-flint Lakes massive crystal- 
line ore was found. In the north-west corner of Neebing, interstratified with sand- 
Btgne (containing 87*78 per cent, of iron) ; and one to two milM west of the mouth of 
Little Pic River a deposit 90 ft. thick, chiefly a silicate, containing metallic iron from 
36 to 46 per cent. At Portage, the west end of Little Long Lake ; at Gros Cap, mimth 
of Michipiooten Rirer, and at the Mammoth and Vulcan Iron Mountains, aliout ei^ht 
nitles north of Batehawana Bay, large quantities of flne-grained magnetite, averaging 
about 60 per cent, of iron. ^ ^ 

This ore is also ftuud in Tazada Island, in Thunder Bay, Lake Huron, at Peter- 
borough. Professor Chapman, of Toronto, says this ore occurs in beils whicb have 
a possible aggregate thickness of 60 or 00 ft., and he gives the following as an 
analysis of au average sample of the ore : — 
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Sosquioxide of iron . • • 


. 68*36 

Protoxide of iron . . • 


. 24*87 

Alumina • . • • • 

• 

. 0*42 

Titanic acid . . • • 

• 

. 0*73 

Oxide of manganese . . • 

Magnesia 2*66 | 

• 

. 0*18 

Lime . 1*43 > Rock matter • 

Silica. 11*17 J 

• 

. 16*16 

Phosphoric acid 

• 

. 0*17 

Sulphur 

• 

. 0*04 

00*87 


Metallic iron 60*18 


The fuHoving are analyses of magnetic ores from the Hull Minos (Laurentian) by 
Dr. STBRitT Utiirr ; — 


Peroxide of iron 



• • 

Rod Oi*o 
. 66*20 \ 

Black ore 

Protoxide of iron . 



• a 

. 17*78/ 

73*90 

Oxide of manganoso 



• a 

. traces 

none 

Alumina 




, — 

0*61 

Lime 




. 1 85 

none 

Magnesia . . 




. 0-18 

1*88 

Phosphorus . 




. OUlu 

0 27 

Sulphur . 




. 0*28 

0 85 

Carbonic acid 




. 1*17 

— 

Silica . 




. 11-11 

20*27 

Graphite . . 




. 0*71 

— 

Water . . . 




. — 

3*27 

Metallic iron . . 




90*295 

. 60-17 

100 042 

63*51 


The ore frequently contains scales of graphite. In tho hl.ist furnace it yields Irom 
60 to 62 per cent of iron. 

An iron ore found on the banks of the Moisic River, in the province of Quebec, on 
the north side of tho Gulf of St. Lawrence. It is a fine binck sand, and by analysis 
is found to be half magnetic ore. M. Foinsat gives the following analysis 


Magnetic oxide of iron 61*12 

Protoxide of iron 34 60 

Titanic acid 11*27 

Silica 3*01 


100 00 

Jrou Sand. —Many of tho rocks in the mat Laurentian series, which is extensively 
developed to the nokh of the Gulf of St. Lawrence, contain small disseminated grains 
and ciystals of magnetite and ilmonite, which, on the disintegration of the rochi, are 
gathexwd togetlier % natural processes of conoeutration, and form important deposits 
of * iron sand,’ stretching in some cases along the coast for many miles. Some of 
them are of recent origin, but others belong to the pont>pliocene age, and are found 
as high as 100, and even 200, ft. above the tide level of to>day. 

Hmatitea . — This ore of iron is abundantly distributed over Canada. Exten- 
sive mines are worked at about five and a half miles north-east of Thunder Bay, Lake 
Superior, and at Loon Lake, on the north side of the Desert Lake, at Madoc, Dal- 
housie, and about a mile ^m the Lac des Chats. 

Besides the aliove localities for hematite in the Ijakes Superior and Huron region, 
the following are worth mentioning, the quantity in each case apparentW i^icating 
an economic value East side of Lake Nipigon, near the mouths of Oniminisagi or 
Red Paint River, and of the Sturgeon Rirer, slaty hematite ores (a specimen from 
the latter place was fonpd to contain 36*06 per cent, of iron, and to m of sooh a 
oatnre as to render it easy of reduction) ; nills east of Lake Nonwatanose, Black 
Sturgeon River (a red earthy hematite); west point of the la^st of tho Slate Islanda 
(impure elaty ore); near W^lace mine, l>ike Huron (in combination with maffMtite) i 
about ten miles up the east branch of the Montreal River, Ottawa valley fvains of 
speeular iron in quartsite) ; foot of Big Rapids, below the Long Porto^, south branch 
of Moose River (a largo deposit of siliceous carbonate of iron passing into hematite). 

Specula Iron Ors.-^Tbis occunCin Londonderry, on tho west bank of Cook’s Bro^ 
Tho Report of tho Geological Survey of Canada (1873-74) gives the fbUowing 
analysis: — 
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Peroxide of iron 

. 06*03 

Protoxide of manganese . 

■ . • traces j 

Alumina .... 

• ■ . 0*33 

IiimO . 

. 004 

Magnesia .... 

. Oil 

Phosphoric acid 

. 0007 

Sulphur .... 

• • • T10T10 

: 

. 003 

. 079 

Insoluble residue 

. . . 1*26 


97-266 


: irou G7‘85 


lA/nonite and linff Iron Or?.— This ore ijcciirs al)tindantly near LonJonderry, and 
Inis boon worked by Tiik Stei i. Company of Canada. 

A mobt important vein of iron ore occurs in the Middle or Upper Silurian slates 
,ind qunrtzitos of Londondorry, on the southern slope of the Cob^uid Hills. It has 
an approximately oasL and west course, and has boon traced for a distance of more 
than twelve miles. The largest ppoi>ortion of the ore, so far as known, consists of 
liiMonito, which is generally earthy, but sometimos occurs in lustrous stalactitic and 
itiarnmillary forms. It has evidently been derived from the alteration of spathic ore 
Hid Hiiknrite, both of which are in many places found in an unaltered condition. The 
following analyses {Rrj)ort of the G&dogical Survey, 1873-74, pp. 231, 233) will 


jrttrato the compoaition of the limonite : — ■. 

Poroxlilc of iron 

Oclirey 
Llinuiiiio 
. 79*68 

Pompact 
Llinonlto 
84 73 

rrotoxidi* of iron 



. — 

traces 

Protoxide of maiiganosc 



. 2 51 

0*23 

Alumina 



. 0*63 

0*23 

Lime .... 



. 0*57 

0-14 

Miigneaia . 



. 0*34 

U'14 

•Silica .... 



. 3 05 

— 

PIVsJH})hoTic acid . 
Sulphuric acid . 



. 0-44 

0*19 



. 0*01 

0*01 

Water ^ hygroscopic . 



. 0*78 

0*33 

b com 1 lined . 



. 11*65 

11*07 

Inaolublo residue 



. — 

2*67 

Metallic iron . 



09*66 
. 66*78 

09*74 

69*31 


Mining has been carried on since 1849, and a charcoal blast fhrnaco was erected in 
1 853, which has, at short Intervals, been in blast ever since, with a production of 
between 30,000 and 40,000 tons of pig iron from about 70,000 tons of ore (chiefly 
liraonito). In 1873 the mines, blast furnace, forgo, casting house, steel works, &o., 
together with large tracts of hind covered with fine hardwood forest, were sold by 
the Acadia Chabcoal Ibon Company to the Stisbl Company of Canada, and since 
then two Sibmbns’ rotatory furnaces for the production of steel direct from Hie ore 
have been erected. Two now blast fhmaces in which the ores will be smelted with 
coke are also (1876) in process of construction. When completed they are to be 68 ft 
high, 19 ft in diameter at the boshes, and 6 ft. at the hearth. In 1676, about 300 
men were employed in the mines. 

Clay iron stones have been found a little north of North Saskatchewan river, from 
a|)Out two miles below Edmonton, and occurring in connection with a bed of lignite. 
Similar ores are found at many places along the Saskatchewan from Rocky Mimntain 
House to Victoria, and at the latter locality both lignite and iron stones occur in beds 
of considerable thickness. Further to the south-east also, iron stones are widely dis- 
tributed, i^enerally in connection with the Tertiary lignites, in beds which are mostly 
thin, and in nodules sometimes weighing several hundred pounds. The average per- 
centage of iron in several specimens from near Fort Edmonton is 34'98. A specimen 
from the Dirt Hills contained 41*49 per cent, of iron, 118 of protoxide of manganese, 
‘087 of phosphorus, and *68 of sulphur. 

China, *I n one of the valuable Consuliir Reports published by our Government^ 
we find the following very interesting particulars of the iron indnstiy of China 

'The best ore in ^ina comes from Mia-kou-tau, a mine about 70 li to the south of 
Pen-hsi'hu. In this neighbourhood there are several mines, from which a largo 
quantity of exeoUent ore is produced. The prices ore stated to be as follows 
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100 GSttifti of ore from Miao-koii-tzu, 1*70 tiiio (11^(7.), 100 cat ties of ore from Ta- 
pAu-ling, 1*30 tiao (8}<7,)i and ditto from Tai-kou-tzu, 1*20 (M). The Ta-pau-liug 
ore ia aaid to yield 40 per cent, of iron. In the works risitod by the Consul they 
employ over 200 men ; and there are six or seven other firms of the same nature and 
of nearly equal size, in addition to many smaller establishments, where the iron ca»>t 
m the foundries is wrouf^ht into ngricultural implements of every description, nails, 
horseshoes, &c The moulds used after the ore has been subjected to the furnace fur 
> he first time are of clay; they are made at a pottery in connection with adjacent 
clay pits. In addition to the iron mines of tli s district (New-chwang), coal mines 
are actively worked along the whole ext^ent of the district, giving employment to a 
considerable number of hands. Tlie most important of those mines is called the Ma> 
chia-kou. This employs 300 men, an 1 is about 400 ft. in length. The labour of the 
miners is said to bo very severe, and the men work without other clothing than a 
covering for the loins. 1'hoy are mostly paid by the number of baskots they bring up 
from below, and a strong man is able to earn about 2 tiao (Is. l^d.) in the course of a 
dapr. They have no fixed engagements, but may (furoo and go as they please. The lowest 
prices for coal at this mine are stated to be about 1*60 tiso per 100 catties (10|d. per 
133^ lb.), while the highest figure was about 2 tiao (]«. 1 \d. per 133^ lb ) This is 
for the best kind of coal. The mines at Pon-hsi*hu are larger and more numerous 
than those of Uua-tzn-ling; the former jtlHce is generally known ns the groat eonl- 
producing district of China. The coal is hero worked by a great number of different 
and independent firms, some liaving only onn shaft, and employing as few as ten or a 
dozen hands. But there are several large establishments. The largest is called the 
ChU'hsing'fh, and employs over 2,000 men. Seven pits or shafts, witli sepanite 
entrancas, are worked by the owners of this mine. These shafts are all near each 
other, on the same hill-sido, and are almost identical in size and constructiun. Theu 
average length is said to bo about 600 ft. There is frt'quently, but not always, a shea 
or small house covering the mouth of the pit. The latter consists of a siugh* shaft, 
which runs down at a slant of about 46 dogreefl. None of the shafts are perpeii- 
dieular, and all the coal is carried up along the inclined plane by a set of men to 
whom this duty is specially assigned. Their load is packed into two baskets, which 
are attached to the ends of a short carrying*polo borne upon the left shoulder. Thu 
shaft of the Chu-hsing-fu establishment is nearly seven feet high the whole way ; the 
breadth is about the same. It is solidly supported on all sides by the trunks aud 
branches of trees, which are cultivated for the purpose on the hills around. >Strong 
porjjendictilar beams of fir oil both sides sup{)urt a strong roof of the same miitorial, 
while below the wood is so arranged as to form steps along the whole of the incline 
to the bottom. In returning from below with his load, each miner niskos use of a 
small curved staff, which he carries in his right hand, to catch the projection of the 
steps above, and in this way ho supports and pulls himself along in his laboriims 
ascent. Thu land on which these mines are situated is the property of two Chinese, 
namod Sixr and Hau, who rout it to tho head of the mining firm for a fixed annual 
payment. The firm works the mine, and deals with the native cojil merchants, whom 
lie supplies wholesale with the best coal at the rate of something over 1 tiao per 100 
catties (6}(f. for 133^ lb., or say 0«. 6\d. per ton). It is stated that there are no 
duties of any kind leviable upon the coal, either at the mine itself, along the road, or 
at the markets whither it is sent A very large quantity of coal is also consumed in 
the district in connection with the large iron foundries, potteries, dec. It is satis* 
factory to note that in these mines accidents of any kind appear to be of extremely 
rare occurrence, and that their management seems to be excellent.’ — ^Mr. Oonbui. 
Cains writtnff to Easl Granville / tvm Hankow. 

Obbat Britain and Ibbland. (Vol. ii. p. 018, &c.). Tliere is but little to be 
added to the descriptions already given of the varieties of iron ores produced in these 
islands. A curious deposit of new hematite has been worked at Winfoid, near 
Bristol. At Abbotsbury, near Westbuiy, Wilts, new deposits of iron ore have been 
discov'ered, and it is proposed to coustrnct a railway to the place. In some places 
the bed is said to bo 80 ft. thick. — Iron and Coal Trada» December 16, 1870. A 

new iron mine is being developed near Lerwick, in tho Shetland Islands. The Ooltness 
Iron Coicpant have also been opening out some brown ore deposits in Ayrshire. The 
following Tables will show the progress of the development of our iron mines during 
the past three years. 

It may prove convenient to place here the total quantities of iron bre raised in pre- 
vious yeans • Tons 

1870 14.608,826 

1871 . . • . . 16.334,888 

1872 16,684,367 

1878 16,204,468 



1876 
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InspeotGr^ lictiims of ArffilUceom Iron Ore in ISIR, and the Mining Ueeord Office 
in 1876, inade under the Coal Mines Regulation Act, 







1876 

1876 

Cumberland 





Tom 

261 

Tom 

Northumberland and Durham 


• 



12,008 

82,474 

Denbighshire . 


• 



10,151 


Lancashire, West . . 


• 



1,000 

236.782 

1,178 

Yorkshire, West . . 


• 

• 


381.408 

Lincolnshire . . 


• 

• 


118.770 

— 

Derbyshire 


• 



90,305 

199,908 

lAiicestershirn . . • 

• 

• 

• 


161 


Nottinghamshire . • 

• 

• 

• j 


6,052 

15,406 

Warwickshire . • • 


• 



54,002 

92,838 

Shropshire . . • 


• 



464,440 

2.39,183 

Staffordshire, North . • 





1,700,000 

932,212 

„ Sun til . • 





381,055 

645,288 

liroconahire, part of . , 


• 



64.164 

1 

(ilamorgausiiire, part of . 





94 \ 


(ihmeester, Bristol District 





290/ 

1,085 

Monmouthshire . . 





157,665 

I 

Somersetshire . . # 





1,096 

2,064 

Cheshire .... 







1.750 

Wales, North • . . 





— 

40,952 

Wales, South . • 





176,610 

476,285 
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Total Iron Ore production of the United Kingdom in 1870, and olhir (hes used 
tn our Iron Manufacture. 

Tons 

Iron ores — Eed and brown liumatites, &c, 1 1 ,1 82, 1 00 

„ Ar4iibu;couN 6,659,420 

„ Foreign ores iinp<jrred 672.2M5 

„ Purple ore — from the coppery pyrites burnt in this country , 300.000 

Ireland. — At a meeting of the Royal Geological S<K'ioty of Irijlaiid( November 1876), 
Mr. C. R. TicHDORins roid a paper on the occurrence of magnetic iron ore at Kilbride, 
county Wicklow, on the property of Mr, W, R. O’Byunr, M.P., with the object of 
recording a fSact and of carefully fostering any possible addition to tdie mineral 
resources of Ireland, lie described the ore as forming a vein certainly two miles, 
and, according to indications, three miles long, with a width varying to aliout 6 ft. in 
some parts, and a sunply report^ to be very extonsivo. Hijecimens of the surface ore 
which he submitted for examination were a loose and friable sand, more or less 
spongy, bat perfectly free from organic remains. As the vein was pursued in a more 
vertical direction, it became more compact^ until a dense ore with a specific gravity of 
4'37 was arrived at. The silica, whicn in large quantities made magnetic ore nseless 
for smelting, was extremely low in this ore. 

We are indebted to Professor Edward Hull, F.R.S., Director of the Geological 
Survey of Ireland, for the following interesting particulars respecting the hematitic 
ores of Cavan and Longford : — 

*The Lower Silurian rocks of Longford and Cavan were known, for some time past, 
to have possessed such ores ; but, until railways communicating with shipping ports 
were constructed, there was little prospect of these ores being turned to profitable 
account. This obstacle has now been overcome, and the hematite ores are now sent 
by the Midland and North-Western lines to be shipped at Dublin and Dundalk to the 
iron furnaces of the North of England and Wales. 

* These ores are known to exist in at least four localities, three of which lie in the 
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district Gmnnrd and Cunlck on-ShiinuoD, and another in the dietrict botwuen 

C.ivitn and Hallylmv. 

* Huuth of Arviigh, on the western biuiks of Longh Gowna, the ore is being worked, 
and is brought, partly by boats and then by a branch line of railway, into ooniioctioii 
with the Oavan Junction and Midlimd Great Western Bailey. This ore, and that 
of the localities in this district, will shortly be described in detail in one of the 
Exidanatory Memoirs of the Geological Survey, now being prepared for publicnti(»n. 
I snail not, therefore, further allude to it here, except to state that these ores are 
everywhere similar in character, being silieious brown hematites, varying in quality 
according to the proportion of silica, and thus passing into jaspory iron ore. They 
also follow, witli more or less regularity, the stratification of the rucks in the neigh- 
bourhood. 

* I sliall now pass on to give some account of the iron ore at Bed Hills, near Belturbi^, 
which I have recently visited, and which lies in a district not yet examined by the 
officers of the Goolugioal Survey. 

‘ The ore here has been traced at intervals in a S.W. and N.R direction, for a 
distance of about six miles, following the strike of the Silurian rocks, from Bally* 
liaise through Red Hills to the grounds of Swrr's House, the residence of Mr. 
Madden. Whether it is perfectly continuous throughout this distance is uncertain, 
as the strata are frequently concealed by boulder clay ; but in any case the quantity 
of ore must be very largo ; and if wc suppose, as wo have every right to do, that the 
ore follows the stratification of the ruck inwards, bulow the surface, the quantity 
must be absolutely incalculable. 

‘ At Bed Hills, the property of the Rev. E. B. Whttr- Venables, the ore is now 
(1A77) being vigorously worked by an English company, and is carted from the mine 
or quan 7 to a landing-stage on the Cavan and Clonos Kailwav, from whence it is 
carried to Dundalk, and shipped to Cumberland, Lancfishire, and North Wales. The 
w«>rks were commenced only in 1876, and already upwards of 5,0U0 tons have been 
shipped off. 

‘ The hill on which the principal excavations are now in progress shows the follow- 
ing approximate secMon of the strata: — 


1. At the Top , — iSiliclous hematite, sometimos passing into red> 

and green jasper (only locally workable) 

2. licet Ore . — Dark fissile brown hematite, aljout 12 ft. in 

thickness 

3. InfcTvor Quality . — Silieious brown hematite, irregularly accu- 

mulatod, passing into jaspery ruck 

4. Reddish shales, of considerable thickness, sunk through in a i 

pit for 30 ft I 


About 60 ft. in 
thickness. 


66 a. 


‘ In appearance, the ore, when opened out, eoeins almost devoid of rlnfinito arrange 
menl or structure ; and it is only when it is in contact with beds of shale or grit that 
it can be observed to coincide approximately with the bedding of the rock. It, 
therefore, does not occur as a lode or vein, traversing the strata in a bi^hly-inclinod 
position, but rather in the form of lenticular beds of extreme irregularity. The ore 
Itself is split up by innumerable planes of jointago or false-deavOgo, traversing the 
mass in various directions. 

* An analysis of the Red Hills ore, by Mr. John Cavbbon, F.C.S , of Askam-in- 
Fumess, for the Bed Kills Mining Company, shows that the ore is well suited for 
the manufacture of Busseueb stool, phosphorus and sulphur being entirely absent. 
The analysis was kindly presented to mo by Mr. Whyte- Venables:— 


‘ Analysie of Bed ILUe Iron Ore, 


PSroxide of iron 57 67 

„ manganese ...... traces 

Protoxide 6*20 

Alumina 8 93 

Carbonate of lime 0*60 

Silica 22-80 

Water of combination ...... 8*00 

Soluble matter 1-00 


100-00 

Amount of metallic iron 40*80 per cent.’ 

Inox Onns, Japan. Iron is produced in Japan in larger quantatiee than any other 
mineral excepting coal; but although rich ore ii found in many dietriote dtlie 
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conntry, it is rery insofflciently workod ; the difficulty of transport, there being no rosd 
in r he mountainous parts whore the mines are situated, rendoring the cast so great, that 
the Government, to which most of the mines belong, seem disinclined to invest much in 
their exploration. However, some interesting experiments have recently been made 
in the province of Hitachi, at Nakakoeha, where there is a bed of ironstone from 8 to 
18 feet in thickness. The ore is very rich, and as it is situated near a nitvigable river, 
there is every hc^e that it may be worked to some advantage. An English engineer 
is employed in erecting furnaces on the spot, but the works are nut completed, so the 
result is as yet uncertain. Another experiment is being made in oj^uing some mines 
at Heigori, in Rikushui, where a large quantity of magnetic ore has been found. Here 
the Government purpose lying down a tramway from the mines to the smelting works, 
a distance of 1 1 miles, and from there 2 miles further to the coast, where the pig iron 
could be readily shipped to the various markets. The annual produce of these mines 
has not ns yet exceeded tons, but it is estimated that when the new works are 
completed the output will be very greatly increased. 

Magnetic iron ore is the kind most commonly used in Japanese metallurgy, and is 
found in large quantities in Karima, Hoki, tSatsuma, Idzumo, Wakaso, Twamii and 
Hiuga. 

Specular iron ore is found in Hiuga and a few other places. 

Rrown hematite is found in Idzumo, Mtitsu, Hiuga, ii^tsuma, Shinano, and Bizen. 

Clay iron oro is very commonly found. 

Stiilactitic iruu ore is rare. 

Iron pyrites are very common, but this ore is rarely worked. 

The total production in 1874 was 6,000 tons, since which there hue boon no return. 

New South Wai.k.h, Urnuni Heihatitp, Gorthite . — Very large and extensive irregular 
deposits and ptickots of brown hem.itito occur at Wallerawang, Jambi>roo, Natlni, 
Port Hacking, the Murrumbidgeo, Mount Tellula, and many other places, suchf^m 
between Mount Tomah and Mount King George. In fact, this mineral is one of the 
most widely diffused. 

A specimen of brown hematite, from Wallerawang, yielded the following robullfl ou 
analysis 


Water, hygroscopic . 

„ combmod . . . 

. 1*28 
. 12 04 

Silica and insoluble matter . 

. 12*19 

Sesquioxido of iron • • 

, 73*60 » 61*2 per cent, metallic iron. 

Phosphorus .... 

. *12 

Sulphur . . . • 

Unuetormined . • . 

. *06 

. *71 


100-00 


Limpnite is found in largo stalactites formed by the ferruginous springs at Borrima, 
Nattai, and elsewhere, and the deprjsits of brown iron from these often contain beautiful 
impressions of leaves and other ol^ecta ; also in botryoidal and mammiilnted forms. 

Arydlaocous Iron Ores , — Extensive deposits of clay band iron ores occur interbedded 
with the coal measures of New South Wales. These form an earthy variety of brown 
hematite ; yet they are often very rich, and as they occur in immense quantities in 
close association with coal, they form a most valuable source of iron. ” 

A specimen from Wallerawang yielded the following results : — 


Water, hygroscopic • . 

. 1-28 

„ combined . 

. 3'64 

Silica and insoluble matter • 

. 4-60 

Sesquioxide of iron , . 

. 80-00 

Phosphorus .... 

. -49 

Sulphur .... 

Undetermined constituents . 

. *11 
. 0*98 


100-00 


per cent, metallic irom 


Specimens from two other seams in the same locality yielded 40*28 and 63*31 per 
cent, of metallic iron respectively. 

Similar clay bands occur at Jamberoo ; in the Buttar Ranges, near to East Mait- 
land ; at Mount Wingen, and elsewhere. 

PitoiUie Iron Ort , — Lange superficial deposits of this and breeeiated iron ore. red 
and brown, occur near Bnngonia and WiudelLima Greek. 

RtA HematUet Specular Brea Ort occurs in a coarse-grained granite at SomsBer*s 
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Hill, near Bathurst, and af Mount Lambio; also at Bookham and Yass^nrith miea* 
ooous and massiTe red hematite ; micaoeous hematite also oocnrs at Pine Bone ChrMk 
with titanifsrous iron. 

Tttmiffrotta Iron. — There are several different kinds of titaniferons iron, distin- 
guished hy their physical properties and by the Amounts of titanic acid which they 
contain. 

These are found usually with alluvial ^Id deposits about Ophir, Bathurst, Vudgee, 
Bingera, and at Uralla, in the diamond drifts. Large zollrd masses occur at Ur^la. 
Ilmen I te. Menaccanite, ni^ne, and iserine are said to occur with gold, garnets, and 
chrysolites in the Two-mile Flat Greek, Cudgegoug Biver, and in the I^chlan with 
magnetite 

Nkw ZBATJkNn, Otago — Hematite of excellent quality, containing 94 to 06 per 
cent, of oxide of iron, is found near Maori Point, on tlie Shotover, where it is said to 
occur in a lode 6 feet thick. It is also found m the vicinity of Port Molyneux. 

Clay iron ore exists near Tokomairiro and near Mariiawhenua. 

Titaniferous iron sand is found in considemblo quantity at Port William, in Stewart 
Ibland. 

Pjiossia. —The ’Production of Iron Ore in PnussiA iti 1872 and 1873 . 


1 Nature of Iron Ore worked 

Quantities of Ora extroctod 

In 1R78 

In 187S 

Limonite 

TonnoesS64 lb. 
26,686 

TonneBBs064 lb. 
29,012 

Brown hematite 

1,674 668 

1,661,660 

Carbonate 

742,901 

771 466 

Argillnpoous 

66,396 

26,768 

lied hematite 

608,148 

657,181 

Magnetic uro 

10,415 

9,277 

Oolitic ore 

223,982 

240,602 

Oligiste iron 

362 

— 


3,666,006 

3.671,367 


Zeiiachrft fur das Birg^^ Hutten-, und SaUnen-lVcsen xm Priusfischen Staate, 

22nd vol. ] 874. 


Russia. — A letter from Michfl Levitbxt describes some recent discoveries of iron 
ores in Central Russia, and informs us of deposits of iron ores near the village of 
Krapivna, in the northern part of the iSmolensk government, about 82 miles from the 
town of Bieloi and 30 miles from Michailovskaia station, on the railroad from Warsaw 
to Moscow. These ores occur in the Devonian basin of Western Russia and in the 
district of Bieloi. The upp-r bed, which is a brown hematite mixed with day and 
sand, is at a depth of onl^ 1 to 7 feet below the surface, the overlying sod being a 
reddish yellow clay. This bed of iron ore is fVom 20 to 80 inches in thickness, and 
in piany parts is succeeded by another bed of similar ore from 7 to 16 inches in 
thickness. The chemical analyses made at Moscow and Bt. Petersburg of the iron 
ore taken indiscriminately show it to be a hydrated peroxide of iron with an admix- 
t^nre of sand and clay, and to contain from 29 7 to 86 per cent, of metallic iron. 
Similar ores are said to occur in more than twenty places, situated about 16 miles 
one from the other in this district. 

The average annual production of iron ore in Rnssia is said to exceed 326,000 tons. 

SpAiM.— La Felguera, in the Asturias, is the most important of the few ironworks 
existing in Spain. In the Ewista Mtnmt for February 1876 it appears that the 
number of workmen employed were as follows : — 


Employed in the interior of the works • • . • 980 

Extracting 342 tone of coal used daily .... 694 

,1 126 „ iron ore smelted in the 24 hours • 126 

„ 63 „ limestone used as flux daily • . 42 

Employed at G^jon Pier •••••«. 200 


1,992 

The establishments are two, Felguera and Tega. The first and principal is situated 
b the valley of lACgreSf and was erected in 1860. The works cover 47|800 aqiiaw 
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mitres. There ere 3 Idlest Aimucefl, propidod with 3 Mowing machines, 2 ele< 
rators, and 6 steam boilers. The forge contains 24 puddling fiirnaoos, 8 steam 
hammers, 2 foigo trains, 3 pairs of shears, 10 reheating Airnaces, and 10 sfeam boilers. 
They have 86 coke ovens on the Belgian, and 36 on Appolt’s system. 

The Vega works contain one blast fiimace only. The whole of the machinery of 
both these establishmpnts is kept in motion by 39 steam engines, having a collective 
force of 860 horse-power. It is estimated that these ironworks can turn out annually 
20,700 tons of pig iron and 14,000 tons of rolled wrought iron, including some 6,000 
tons of rails. 

In March 1876 King Alfonso visited the Goldames mines, belonging to the Bilbao 
Ikon Ojih Company, tho result of which was that the export duty on tho Bilbao ora 
was reduced from 2 roals, or 6d., per ton to half a real, or per ton. At this 
date there were more than 100,000 tons of iron ore ready at the mines. The quantity 
of iron ore exported to France in the first five months of 1876 was 66,397 tons, as 
compared with 80,300 tons shipped for Fnince in 1876. 

Iron Ore Imp&rla into the Porta of the and Tees from Mediterranean Ports 

in 1876. 


Forts from which shipped 

Tyno 

Toes ! 

Bilbao ........ 

22,462 

11,175 

Cartagena 

9,921 

— 

Palomares 

13,138 

1,417 1 

PamsuoloH 

1,815 


Agnilas, Almeria 

4,788 

— ^ % 1 


3,943 

8.467 ] 

AijOibbs, Oran, Onmereta 

3,431 

- 1 


Styhia. — Recently (1876) a * M6moire sur la Situation do In IWutullurgie du Fer en 
Styrie et en Carinthio,* by M. E. Grunbb fils, has been miblisliud in tho Attnohs 
dt s Mines (2nd and 3rd livraison de 1876). From that excelteut paper the following 
iutormation has been obtained : — 


Iron Oresmrked. 



Arohduchy 
of Austria 

Styria 

Carintliia 

Camlola 

Tyrol 

Balsburg 

Total 


Tons* 

Tons 

Tour 

Tons 

Tons 

Tons 

Tons 

1861 








1861 






862.600 

1871 

7,000 

376,800 



■iil 

6,000 

676,800 


The diminution in the production of iron ore in all the districts except those of 
Styria and Carinthia is striking. It is stated by M. GauNiiBthat between 1872 and 
1874 the increase in tho production of iron ore in those two countries has been still 
more rapid. 

SwKPHN. — The total quantity of iron ore raised in Sweden in 1874. The latest 
authentic returns published was — 

Swedish owt Enffilsh tons 

Output from 2,213 iron mines . . . 21,692,998 908,876 

Droned from lake and bog ore . • . 101,122 4,213 


21,794,120 908,088 

In 1874 the mining authorities granted 2,669 concessions for newly discovered 
deposits of iron ore. 

In the same year were granted 24 concessions for lake and bog ore. 

SwKDisH Lapland contains some immense deposits of iron ore, which have 
hitherto remained nnworked, on account of their inaccessible position. A vurvey of 
these deposits was nutde last summer by the Government^ in consequence of a pro- 
posal to make a line of milway that would open m this mining field, and would 
extend from the Gulf of Bothnia to the Atlantic. Toe samples of ore ooUected 
been analysed, and the following results obtained 

• Of 1,000 kUoe. 
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Gelliwe in the beet known of the iron moontaine of Lapland. It has passed 
thi-ough many hands, ana is now the property of an English merchant residing in 
Stuckholm. The report says : * This fimd, the most extensive in Sweden, and as large 
as all the other fields in Lapland put together, is not, proper^ speaking, an ore moun* 
tain, but a mountain with oeds of ore occupying: an area of 7,400,000 square feet, 
or Ath of ite surface. The ore is magnetite, often richly interspersed with apatite 
•»na hematite, -for tbcr most part coarsely grained, the latter as layers enclosed in the 
former, without any sharp boundary. The gangue is red gneiss. The iron found 
in these ores is generally considerable. Of 41 average samples, which have been 
collected and analysed, 26 showed, by the assay, upwards of 70 per cent, (one up to 
7^-3 percent.), 1 3 between 60 and 70 per cent., and only 2 under 60 per cent, (the lowest 
AO'S per cent.l. Unfortunately the contents of phosphorus rise in most of them to a 
hii'h percentage, 23 holding upwards of 0 1 per cent (varying between 1*727 and 0*104 
por cent., the average being 0‘filA per cent.), 3 between 0 1 and 0*05 and 10 under 0 06 
por cent, (the lowest 0 011). Although the hematite appears to contain much less 
npatite than the magnetic iron ore, it holds, however, as much phosphorus. The con> 
tent of sulphur, on the contrary, is exceedingly small, 9 of tne samples containing 
over 0 05 per cent, (the highest 0 1 8 per cent ), 20 contained 0*05 per cent, or under, 
and in 12 this impurity was found to be completely absent. The contents of man- 
ganoHe, which always increases the value of an ore, only amounts to 0*15 percent. 
The contout of titanic acid varies between 0*45 and 1*01 per cent. This ingredient 
iH not dotrimeutal to the iron, but causes certain metallurgical inconveniences* By 
sinking uriLy 1 foot over the whole mountain, 025,000 tons of ore might be obtained, 
whence coiud bo produced as much iron as is yearly worked at present in the whole 
uf Sweden. Of this area, there arc, however, only 1,074,000 sq. ft. so free of the 
phosphorus that they are adapted fur the production of Bassa&ixit steel ; but, on the 
supposition that the same proportion holds good underground as on the surface, 
134,000 tons of ore suitable for this purpose could be broken up by sinking 1 ft. It 
may be remarked, that though in the processes by which malleable iron is commonly 
rnanufactured in Sweden 0*01 of phosphorus is considered large, iron quite suitable 
for common purposes may bo proiluced, by tlieir method of puddling, and from much 
inure impure ores. For some kinds of costing, ores containing phosphorus have a 
decided preference over others, not only on account of the fusibility of pig iron made 
Irom them, but also on account of its not rusting so readily as other kinds of pig.' 

Kurunnavaara, another remarkable deposit, hes about sixteen English miles from 
Jukkasjarvi Church, and ten miles i^um Lome River. It consists of a straight ridge 
of compact magnetic iron ore forming a bod in a porphyri tic-el van mixed here and there 
with hematite, which extends 14,000 ft , having a breadth of between 185 and 780 ft., 
and occupies an area of 3,526,000 sq. ft. The average samples brought imm it show 
a content of pig iron of between 70 and 73*12 per cent, in 12, of between 65 and 70 
per cent, in 13, and of less than 65 per cent, only in 8, the lowest giving 61*5 per 
cent. The content of phosphorus is large ; 24 samples ranging between 0*305 and 
2*802 per cent., the average being 1*396 por cent. ; in the otlmr 4, which are from 
the ena-poiuts of the bed of ^iro, 0*030 per cent, and 0 047 per cent. The content of 
sulphur amounts to O'OS to 0 15 per cent. ; of manganese to 0*15 per cent., and of titanie 
acia to 0 32, 0 60 per cent. The quantity of ore has been calculated at 84,442,000 tons 
in the summits of the ridge, 170,017,708 tons below these down to the level of the 
Lake Luossegarvi, and 440,000 tone for every foot sunk below that. Of ore of the 
best quality, on the supposition that it continues underground of the same purity as 
at the sai&oe, 14,412,201 tons in the summits, and 42,287»000 tons from their Duse 
to the level of the lake. 

Luossavaora, another deposit, lies to the north of the mountain just described, and 
was discovered at the same time. It is of a conical form, and the rock is for the 
most port covered with earth. The beet of ore extends 4,500 ft., the greatest breadth 
being 155 ft., and the area being 650,000 sq. ft. The iron contents in 5 of 8 
average samples was 70-73 per cent., in the other 3, 67'4-69 per cent. The content 
of pMsphoruB WHS found to be very low, being in 2 , 0*008 and 0*008 per cent., in 
other 2 under 0*02 per cent., in other 2 under 0*03 per cent., and only in the 2 
remaining higher than 0*05 per cent (0*057 and 0 082 per cent.) ; the content of 
sulphur ranges from 0*08 to 0*09 per cent ; the content of manganese amounts to 0*15 
per Cent, and of titanic acid to 0%4 and 1*00 per cent. The quantity of ore in this 
remarkahla mountain is calculated at 27>000,000 tons down to ths level of Luoss^jarvi 
I^ake, and about 70,000 tons for every foot deeper ; and thus, if to the ore in this 
mountain there were added that of the finest quality in Kurunnavaara, there might 
be a yearly production of 800,000 tons for a whole century without going below the 
surface of toe lake. 

Svappavaara is situated about twenty-five English miles to the south-east of 
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LaottMTitn. Ore in« flnt disoorend there in 1664, and between that date and 
1686 a large quantity of copper ore was raieed. A mint was eetabUshed there for a 
•hort time, at which copper money wae coined ; some of the emkinge reached a depth 
of 819 ft., but then tna influx of water became so great that the mines had to be 
abandoned The copper ore occurs partly in the form of true beds, and partly ae 
later formations in tne fom of veins, &c. The iron ore, part hematite, part mag- 
netio iron ore, rendered impure only exceptionally by a few particles of pyrites, 
forms the highest part of the mountain, ana has a len^h of 2,100 ft., a brmth of 
180-830 ft., and an ||rea of 424,000 sq. ft. The six crucible assays show 64-69*6 per 
cent, of iron in the magnetic iron ore (S samples), 60*6 and 68 per cent, in the hema- 
tite, and 72*3 per cent, in the hematite sand. The content of phosphorus is uneom- 
mo^y great: in the 8 samples of magnetite 0‘0-l‘647 per cent., in the hematite 
0*261 and 1*462 per cent., and in the hematite sand 0*129 per cent. The content of 
sulphur is pretty high: in 4 of the samples 0*16 per cent., in the others 0*06 and 
0*07 ppr cent. The summit of the mountains contains, according to calculation, the 
large quantity of 6,633,640 tons. Sjangeti, a mountain situated on the Norwegian 
ftontier about thirty English miles from th4 Atlantic, has been famed as containing 
rich copper ore, but in too limited a quantity to bo worked profitably. 

From these analyses and the calculations founded on them, it appears that the 
Lapland ores are very rich, and the supplies are almost inexhaustible, though for the 
most part they contain too much phosphorus to be suitable for the proauction of 
Bbssvicbr metal. Of course only direct examination of samples from different depths 
can show whether the quality of the ore is the same underground as at the surface. 

The proposed railway for opening up these ore fields would extend from the Gulf of 
Bothnia at Svlea to the Ofoten Fiord in Norway, which is always open during the 
winter, and it is estimated that it would cost 050,0001. 

Were this railway made, the ores would prolmbly bo transported to the GttlfLof 
Bothnia, and they might be manufactured there at a cost of 66«. per ton (incluoing 
2s. 6d. per ton profit), for the cost of mining would bo very low. — Mining Joumalf 
July 16, 1876. 

nuiir OXaS nSMOaFBOXXHlI Jacom’s Process at the Kladno InoN- 
WORKS, Bohemia. 

* The problem of dephosphorising iron ores is one of groat importance, as the most 
extensive deposits are nearly all contaminated with this impurity. Among deposits 
thus deteriorated, and producing, by ordinary modes of treatment, pig iron with from 
1*6 to 2 per cent., or moro, of phosphorus, aro those of Cleveland, Luxemburg, 
Lothringen, Bavaria, Hanover, Bohemia, and many other districts. 

*On the other hand, this phosphorus, which is a most injurious impurity in an iron 
ore, would be of groat yalue to the agricultunst if it could be economically sopamted, 
and applied as a fertiliser to the soil. The quantity of phosphorus in the pig iron 
produced annually in Cleveland alone may be estimated at 30,900 tons, and its value 
to the fiurmer, if it could be separated in such a form os to he applicable as a manure, 
would not be less than 280,000/. a 

' Phosphorus in iron ore exists entirely in an oxidised form, as a phosphate of 
some one or more of the bases of the ore ; nearly the whole of it in the ores of Bo- 
hemim Cleveland, Luxemburg, &c., is combined with lime and alumina, not above a 
tweatietii part, at most, being in combination with oxide of iron. That the phosphoric 
acid is not in the form of phosphate of iron may be proved by digesting the ore in a 
solution of sulphide of ammonium, a reagent which decomposes phosphate of iron, 
forming sulphide of iron and phosphate of ammonia, but does not attack the phos- 
phates of Rlumina or of lime. The proportion in which the phosphoric a<^ is 
divided between the alumina^ and the lime may also be readily determined. The 
presence of phosphate of lime is to be expected, as the phosphorus existing in the ore 
IS derived from toe d^ms of fossils containing it ; but phosphate of alumina appears 
to be also present in greater proportion than was supposed before the date of Ueir 
Jacobi’s experiments. 

* Phosphate of iron is soluble only in the stronger acids, and even these do not attack 
it unless moderatriy concentrated. The phosphates of alumina and lime, on the 
other huid, though insoluble in water, dissolve readily not only in veiw dilute aoidB, 
but also in many saline solutions, such as those of common salt, ehloride of mag- 
nesium, nitrate of soda. &c. ; and even water oUhrged with catbonio aoid attacks 
them to some extent. Thus the removal of phosphoms from iron ores is ririativelg* 
easy, urhen it is not contained in them as phosphate of iron. 

* The mode of treatment adopted by Herr J^aoobi at the Adelbert HUtte, Ela^Ok 
Bohemia, belonmng to the Pbaobb Eisikucdustrih Gb 8 bi.t 40 HAft, is as Ibllows:— 

‘ The ore, which ocean in massive beds resembling the deposits of Liixamhui|[|{ and 
Lothringen, is broken into pieces of 8*6 to 7 ozs. at most, and calcined in vwtieal 



IRON AND STEEL 


4&1 

kilns. Th« nsteinsd ore oontnins about 43 per cent of iron and 1’6 per cent of phoe- 
phomB. It ii placed in large tanka, holding each 600 tona, and is treated for 
' »ar hours with a solution of sulphurous acid,! produced by ' 
i the same way as for making sulphuric acid, and condensing 
water. The acid solution is then run off, and is heated to 176° or 194 
coil of oast-irqn pipes. The sulphurous acid is thus driven about 30 per cent, of 
the quantity originally used being recovered ; and the liquid is then conducted into a 
settling tank, in which the phosphate of alumina that Lid held in solution by 
the sulphurous acid deposits in the form of an impalpable whitlpowder. Only a very 
small proportion of the phosphorus removed from the ore is, however, thus recovered, 
during the treatment in the tanks a part of the sulphurous acid contained in the 
solution becomes oxidised to sulphuric acid, which is not driven off by Uie subse- 
quent heating of the liquid, aud thus retains bj^ far the larger proportion of the phos- 
ph ttes in solution. The deposit from the settling tank consists mainly of phosphate of 
alumina (3 Al^O', 2F0‘), together with about 86 per cent, of water, and small quan- 
tities of silica and of sulphates of alumina and iron. 


average composition of the ore before and after treatment 

Before. 
Per cent. 

is os follows : — 

After. 

Per cent. 

Iron . 



43 

46 

Alumina 



. 14 to 18 

6 to 8 

Lime . 



4 

1 

Silica . 



. 14 to 16 

20 to 22 

Fhosphurub . 



1*5 

0*26 


' The following table gives the percentage of phosphorus contained in the ore after 
diitoront modes of treatment, and in Uie metal produced from it* — 



Ore 

rig Iron 

Puddled Iron 

Unwashed ore .... 

Ore washed with a solution of tiil- 

1*1 to 1*2 

1 7 to 2 1 

0*8 to 0 9 

phuroiiB acid .... 

0*2 to 0 3 

0*5 to 0 6 

0 15 to 0 2 

Oro washed with water . 

0*5 to 0 6 

1 0 to 1 1 

— 


* It will be observed that a sensible amount of phosphorus is removed by treatment 
with water. The explanation of this is, that the ore itself contains pyrites, producing, 
on calcination, sulphuric acid and sulphates, which, in the presence of water, dissolve 
a portion of the phosphates. 

* The cost of treatment per ton of oro, exclusive of general charges, is as follows 

I. d, 

« Iron pyrites, 276 lb , at 52s. Gd a ton .66 

Coal, labour, &c. ... .... 1 8 

8 1 

Equivalent to 208. to 268. per ton of pig iron. 

* No account is taken in this estimate of the phosphate of alumina recovered. So 
much, however, of this as is obtained is employed in the manufacture of alum, and of 
phowhate of lime for manure. 

' The financial position of the Fbaohr EissyiNDusTitiK Gbsbllschaft, the dispro- 
portion between the cost of treatment and the results obtained, and the competition of 
the adjoining district of Styria, where the price of pure ores is extremely low, have 
prevented a really industrial development ox the process, though the trials made of it 
nave been on a comparatively large scale ; and if any plu of uekind should come to 
be followed out generally at the Eladno works, it would probably be confined to the 
washing of the calcinea oro in water, so as to make foundry iron of improved 
quidity, without attempting to dephosphorise the ore more completely. Such calci- 
nation and washing is advantageous, independently of its effect in iremoving phos- 
phorus, as it gets nd of much of%ie sulphur, and so admits of producing a softer and 
greyer pjg iron.* — ^M. GaimEB, Mhnoiret ifi la SocUti dn Inghtteura CwiU. 

ntOV AXD ffTBBlta (Iboit, vol. ii. p. 918 ; Stxbl, vol. iii. p. 894.) ^ Tha 
Shtt Fumaot . — ^There has been for some years a feeling prevailing amongst iron- 
inaaters that as the capacity of a furnace, especially in height, was increased, so was 
the eoonotny uf |lsoduction improved. Mr. I. Lowthian has opposed this view, 
and brought forward strong evidence in support of his opinions. M L. G^unm has 

0 0 2 
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given lomfl exeollent anggeetions in respect to the oonstruotion of blast fbmaees in hit 
work, EAudet sur U 9 Haut Foumeaux. In this he says, after disoussing all the condi- 
tions observed in working the farnoces under his charge 

* 1. That the production of large blast furnaces, above 200 cubic mitres in internal 
dimensions, does not increase in proportion to their capacity. 

* 2. That up to a certain limit, which varies with the state of the ore and of the fuel, 
it is advantageous to increase the height of blast furnaces ; but beyond this limit 
^ere is no fhrther advantage in augmenting either the height or the capacity. 

* 8. That the minimum consumption corresponds to a mean speed of the general 
descent of the charge, i e. either an excess or a deftciency of the blast leads to an in- 
creased consumption. In both those cases there is a tendency to depart from the ideal 
mods of working. 

‘ 4. That the heat fhmished by the hot blast replaces advantageously that furnished 
by direct combustion near the tuyeres, but that the relative economy nevertheless 
decreases in proportion to the rise of the temperature. Above 700 ® to 800° C , the 
real advantage becomes inconsiderable, llie hot blast, by cooling the upper part of 
the fUniace, promotes, then, the breaking upsf the carbonic oxide, and in consequence 
secures an approach to the ideal of working.’ 

From Mr. Isaac Lowthian Bkll’s excellent paper, ‘ On the Economy of Fuel in the 
Blast Furnace for (Smelting Iron,' we quote the following, which appears to us to meet 
the whole question : — 

* Two great improvements in the smelting of iron have now been considered, viz. 
the use of heated air, and the increase of size in the furnace. In point of reputation 
the hot blast occupies by far the more important position ; but it will be seen from 
what has preceded that in point of real merit, so far as economising fuel is concerned, 
Nbilsoit's discovery is not entitled to this distinction, which is one it has acquired 
from priority of introduction, and from a supposed virtue believed to bo the peculiar 
pro^rty of heated air. 

‘These observations are at present limited in their application to the stage to which 
this inquiry has been brought, which consists in having proved that, in the matter of 
fhel consumption, a 71 -ft. cold-blast furnace performs as perfectly as one driven with 
heated air, having an altitude of 53 ft. The 53-ft. hot-blast furnace, it is true, turns 
out a larger moke of iron than that blown with cold air (probably 200 tons per week 
against 120 tons), but on the other hand the latter, without any apparatus to maintain 
or fuel to expend for heating the air, is able to do its work os emoiently, in point of 
fuel consumed in the furnace, as the other, assisted by the more complicated appendage 
suggested by Niolsox. 

‘ It now remains to consider the prospect there is of constructing a fhmnee so large 
as to dispense altogether with the use of hot air, without a sacrifice of fuel used in the 
furnace itself ; afterwards to examine the effect of uniting the benefit derived from a 
high temperature of blast with that obtained by enlarged capaci^ ; and tJien to test 
the belief expressed by Mr. SimcBKS last May, that " the blest oould not be made too 
hot for economical purposes, and that real progress in iron smelting must henceftrth 
be looked for chiefiy in that direction." ' 

‘The first portion of this inquiry has been already answered in showing that 
25^ cwt. of coke are capable of evolving 93,000 cwt. heat units, the estimated number 
of units required for producing a ton of pig iron from an ore yielding 40 per cent, of 
metal. Discarding hypothesis, foundry iron was actually obtained at Lilleshall with 
cold blast for 27^ cwt. of coke ; and forge iron in 1 834, according to DuFuiNOT, was 
smelted in France with 26 cwt. before the use of hot air was suggested by Nxiisoil. 

‘ This reduction of 12^ cwt. of coke at Lilleshall was effected upon an ore only re- 
quiring, in a 58-fL fhmace, 40 cwt. of this combustible. Whether it would be poesible 
to force the air conveniently through a column of material so high as to be able to 
produce a ton of pig iron from black-band with 25 to 27^ cwt. of coke with cold blast, 
18 a question which would demand consideration. This doubt arises from the oiroum- 
stonce that this variety of iron stone, parting with its oxygen so slowly, consumed in 
a low frirnace 60 cwt. of coke per ton of metal, and would therefore obviously denial 
a much larger addition to its capacity to bring its coefficients of fruion and reduction 
into harmony with each other, than an ore only taking 40 cwt. to smelt it under the 
eame conditions as to temperature of blast. m 

‘There remains to be considered — a furnace suffimently large townable the asoend- 
ing gases to divest themselves of their sensible heat, and to become saturatsd with 
oxygen, both operations, it will be assumed, being effected to the ssctent permitted by 
the nature of the process. Suppose now into such a furnace, instead of cold air, the 
blast was admitted at a temperature of 485° G. (906° Fahr.), the ssfio ef^t in ^int 

■ Fid* mnutM ol FrooeedingB, Inst. O.E. vol. xzxU. p. 844. 
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of inenMO of intensity would follow m ham>ened when the blast was duinged from 
edd to hot in the lesser furnace, and some of the eatraordinaiy consequences supposed 
to be due to this additional intensity of heat in the hearth should manifest themselves, 
if the value of the hot blast were dependent thereon. Such, however, is not the fact ; 
for the fhrnace, hawing now sufficient capacity to permit the two functions of fhsiun 
and reduction to proceed in point of time in unison with each other, instead of one 
heat-unit in the blast doing the work of three or four previously evolved by the fuel, 
each unit of heat thrown in with the air does no more duty tlian one unit produced by 
the combustion of coke in the inside of the furnace. 

* There is no doubt, with combustible matter of the same commercial value, it would 
bo much simpler to obtain the necessary heat by the direct action of the blast on the 
luel in the hearth of the furnace. Inasmuch, however, as the air is now heated b^ 
the escaping gases or by coal of little worth, there is, in spite of the law just enunci- 
ated, a notable advantage in the source of heat rendered available by KuoaON'e in- 
vention. The question, therefore, which presents itself is the extent to which it can 
be substituted for that generated by the more expensive description of fuel used in the 
furnace itself.' 


'The chemical laws already alluded to which 
regulate the power of carbonic oxide to deoxidise 
an ore of iron in presence of a gas having a con- 
trary tendt'Dcy, such as carbonic acid, impose a limit 
to the substitution of mere heat for heat accompanied 
by the carbonic oxide, the generation of which served 
as its source. The quantity of carbonic acid due to 
the reduction and carbon-impregnation of an ore of 
iron is that represented by 6 58 cwt. of carbon for each 
ton of metal. In the diagrams 2370, 2371) it 
was assumed that, if the volume of carbonic acid ma- 


terially exceeded 46 vulumos to 100 volumes of the 
lower oxide of carbon, 
reduction was nearly 2871 

suspended. In prac- I « 

tice, however, it may Jl 

lie regarded as diffi- , >1 

cult, if not impossible, i 1 1 || \ 

to saturate the gases iil || M 

with oxygen to an J H ||V 

extent even to obtain Ji I i i| || K 

this relation between ||| | U 

the two oxides of iliil Im Hif 

carbon, owing to the 

slowness of the ope- 

ration. As a rule, 

when the gases con- 

tain for 100 volumes 

of carbonic oxide 40 

volumes of carbonic 

acid, it may bo as- — 

Burned that the pro- 
cess approaches the 


extreme limit to 


2370 



which, in treating the ironstone of Cleveland, it can be carried. When the gases 
have absorbed a quantity of oxygen snffleiont to establish the relations just mentioned, 
the weight of carbon consumed will be that represented by 21 to 21^ cwt. of good 
Durham coke. When this quantity of such coke is burnt to the condmon of oxides 
in the proportions mentioned, the heat evolved is not sufficient to discharge' the 
demand m^e upon it in smelting a ton of iron from Cleveland stone; and the 
deficiency is exactly that represented by the quantity of heat usiially contained in the 
blast at any well-appointed frnace on the banks of the Tees. In other words, if 
25^ cwt of coke, burnt under favourable conditions, can smelt a ton of iron with 
cold air, 4 cwt of such coke can be saved if into the furnace a quantity of heat can be 
introdu^ with the blast representing the 4 cwt. in question. 

'Supposing, however, that, instead of being content with the blast being heated just 


P 


' Oonnyliig heat Into tbe furnace by meani of the blont poeMMOs great advantages, enabling the 
■mslter to poor In a siippl^ where It la moet required, without waiting for any change in the hiudon 
of ooke and Ironitono whloh oome down into the hearth. 
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eaoiigli to afford an economy of 4 owt,, which would be about 486° C. (906° Fahr.) 
Mx, SnuBirs' recommendation is adopted, of raiaing its temperature ea;^ ^ O. 
(1,472° Fahr.). Thia addition to the heat reaources of the Aimaoe will immediately 
be Mt all over ite contents; and as eoon as it reaches the sune of reduction, where the 
temperature ia anch that the carbonic acid therein generated la inert on carbon, this 
eonoition of things ezporiencea a complete change, and the aupeivheated carbonic acid 
now dissolves coke, which is productive of loss, both from the cooling effect of the 

reaction and finm the actual diminution of fuel arriving for combustion at the 

tuyeres. 

' Mr. BKi.Xi has proved this by ropoatod anfilyscs, and he has invariably found, that 
just as any excessive quantity of heat was injected into the fhmace with the air it 
received, so did there disappear a quantity of carbonic acid from the gases, corre- 
sponding exactly with the needlessly high temperature conferred upon the blast. 

'The solvent power, as it 
2372 were, of the gases over oxy- 

gen having reached its limit 
when 30 per cent, of the 
reducing carbonic oxide has 
p.'iHBod into the higher state 
of oxidation, is a barrier to 
further economy, because 
reduction then practically 
ceases. If, however, refer- 
ence is made to the table of 
heat appropriation formerly 
quoted, it will be perceived 
there is a loss of nearly one- 
tenth of that evolved by the 
seiisiblo heat carried off in 
the e^tcai'ing ^ses. Appre- 
ciable as this is, it is less by 
oiu-hail from a furnace of 

12,000 cubic feet than it was 
from one of 6,000 cubic fuet. 

* In the year 1869 Mr. I, 

L. Bkll published a diagram 
{Jiff, 2372), containing the 
rohults of repeated observa- 
tion on this question, ^ 
moans oi which it was de- 
monstrated that a furnace 
80 feet high, and containing 

12,000 cubic feet, emitted 
the gases as cool us one twice 
this size {Jiff8. 2870, 2871). 
In this diagram the tempera* j 
turee of the escaping gases ' 
as they leave furnaces of 
very different dimensions ars 
shown by means of a curve. Since that timo larger and larger dimensions have been 
adopted in the North of Englimd, until a capacity of 41 ,000 cubic feet has been readied 
without, in Mr. Bell’s <^nion, a commensurate advantage having been obtained. 
The maximum cooling ana oxygen saturation of the gases are secured in a fomace of 

16,000 cnbic feet, and certainly the increase of make lias not kept pace with the 
increase of sise, as may be seen from tho following statement:— 

Furnace of cubic feet . . . 6,000 12,0U0 16,000 26,000 41,000 * 

'Weekly make . .Tons 220 200 360 400 660 

-• ” 22 „ 



<Mr. Bbamwbll ames with Mr. Bull that there was a limit below which it was 
useless to hope to reduce the temperatures of the escaping gasss, but hie conclusion 
rested on entirely different gronnds from those assigned by Mr. Bell. The langnage 
made nse of by Mr. Brakwill was as follows : ** Tho incoming niateriaLi in a given 


* The effleot of a largo fnmaoe of 41, (HH) oubio foot, produolng Icm in nmpostlon than one of 

cubic lent, Is that tlie charge for iutorwt on outlav is about as 100 to 66 in favour of tlie latter. 
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tine romnined a eonitant in Mlatfon to that, of the oatgoing gam, lo that 

when a height was attainaa sufficient to giro time for the inoomiiig material to take 
up from the outgoing gases the whole of the heat which that inoomioff material was 
competent to absorb, any increase in time must be entirely useless.'^ q/* 
ProcMdingB of th IntliMs af CMl Sngiiuen, 

The UmM Stages h\ 9 »t favoace, fiff. 2S78, was deeigned for the North JuRSiir Iron 
CoHPAinr by Messrs. Wbimbr, of Lebanon, Pa., U.8., and Mr. Johiv Birxihbihb, of 
Philadelphia. It is an example of a structure showing evidence of considerable per- 
manence, and it appears to have been erectc'd with considerable economy. It is stated 
that the walls are made as light as possible, and every provision is made for keeping 
the furnace cool about the bosh walls and 
crucible. Instead of the ordinary masonry 
pillars or iron columns, hooeings aro used 
which extend up to and support a holbiw 
mantel just below the bosh or greatest 
diameter. The hollow mantle is so formed 
as to be of great strength, aud at the same 
time keep the bosh cool. The heavy iron 
housings which support the mantel and 
superincumbent masonry are cast so as 
to support also the bosh walls, crucible 
walls, water, blast and spray pipes, the 
spaces between them giving ready access 
to tuyeres, &c. Slots are cast in toe faces 
next to the walls of the housings, to ac- 
commodate T-heads on square iron rods, 
so as to bind the bosh walls with a 
minimum amount of iron; the bands, 
having to extend in this case only from 
one housing to another instead of around 
the stack, can be much lighter, and ex- 
pose more of the masonry to the cooling 
effect of exposure. The spray pipe just 
below the raantol can also be us^ to cool 
the bosh walls. An iron casing encloses 
the crucible walls, leaving space fur sand, 
through which water is permitted to per- 
colate for cooling effect. The walls above 
the mantel follow the general slope of the 
in-walls, and are secured by iron bands, 
varying in size, and fastened by double 
devices. The top of the stack is sur- 
rounded with an iron casing, having 
openings for the down-takes to the hot 
blasts and boilers. The tunnel-head is 
fitted with the ordinary bell and hopper, 
covered by a patent furnace charter shown 
in the above figure. This consists of an 
inverted cone placed over the hopper, in 
which there are openings, through which 
the ore, fiux, and fuel are charged. Thmie 
openings — there are three in the apparatus 
as illorirated — ore closed by sliding doors 
seeured by hinges to a revolving ring on 
top of the cone. The hinges are placed as a precaution against accident iVom ex- 
ploeione of gases while the doora are closed. 

New the tnnnel-hsad ie secured a casting, acting as a fulcrum to a wrought-iroii 
beam, and endosing two cylinders, one vertical and one horizontal. The cylinders 
are fitted with the necessaiy^^ve chests, valves, pistons, &c., and can be arranged 
to be (grated by steam, h^raulic, or pneuroatio power. Upon one end of Ae 
beam the bdl ie hung, and the piston rod of the vertical engine engages with 
the othM end. A weight box in the beam permits of the proper balancing of it, and 
the height of the bell con be regulated by a screw and nut on the rods supporting it. 
The piston rod of the^horixontal cylinder engages with a connect^ rod seeured to the 
revolving ring carrying the eliding doors. Orainorily, in dropping the charge with 
the bell and hopper, a large vednme of gae escapes, not only from the throat of the 
fiiroaoe, bat also from the down-takea hot-blast stoves, and boilers, necessarily oeea 
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■loning intermittent temperature. To obviate thie trouble and aeenre the regular opera- 
tion ol the furnaoe thie charging apparatua ia deaigned. Ita operation ia aa folfowa : 
The furnace being in operation, and the bell cloaed againat the hopper— both of which 
are turned off to make a joint— the doom are open, and the chargee of ore, flux, and 
fuel are dumped into the hopper, but cannot reach the furnace, on account oi the bell 
being cloaed. When the charge ie ready to be dropped, steam is admitted into ^e 
horiaontal cylinder, and the movement of its piston closes the sliding doors. Steam 
is then admitted into the vertical cylinder, and the boll is lowered, the charge passing 
into the furnace ; lUfter which the bell is raised and doom opened by reverse a^on in 
the respective cylinders. The entire apparatus is under the absolute control of the 
attendant, and the operation of each cylinder is independent of the other, and is 
regulated b^ levem. 

It ie obvious that in dropping the charge the only gas which escapes is the little 
which could be contained in the space between the bell and cone of the charger ; the 
flow to the boiler and hot-blast stoves is thore(ore uniform, and the operation of the 
fhrnace is as a consequence under more direct control . — The American Polytechnic 
Review. 

Furnace Lining. — M. E. P. Audouin, of Paris, has patented a composition which 
he states to be more effectual than any known material in resisting the action of 
oxide of iron. This material is oxide of chromium, which is capable of resisting the 
highest temperatures employed in flirnaces such as the Sibmxns furnace, and furnaces 
heated by dead oils, an(f is ^so said to be proof against the action of oxide of iron at 
the highest degrees of heat. The inventor claims that there is no danger ot the oxide 
being reduced under the ordinary conditions of working ; and, moreover, that the 
presence of a small quantity of chromium will not affect the quality of the iron. The 
oxide of chromium may also be utilised in the manufacture of fireproof blocks to K) 
exposed to the action of furnace cinder and scoria, but it is admitted that the advantages 
are less marked, as by the action of potash, soda, and lime, chromates are eventually 
found. 

Lignite in Bloat Fumaaee. —The following statement respecting the use of raw 
lignite in the blast fhrnace possesses much interest. It appeam that in the blast 
furnaces of Styria fiO per cent, of raw lignite have been for some time used with the 
cuke in the fhrnaces : — 

In 1874 the fhmaces of the Sttstam Eisbnindvstbib Company wem daily producing 
800 cwt. dark grey iiussBMUR pig from ores containing 46 to 60 per cent. iron. Per 
cwt. of iron the consumption of coke wus 160 lb., and of limestone 30 lb., the tem- 
perature of blast being about 400° Cent. The coke burden was 80 cwt., carrying 
40 to 42 cwt. ore. The fhmaca in which the experiment with the lignite was 
possessed six tuyeres of 8 in. diameter, and the pressure of blast was about 2^ lb. In 
April, 1876, the manager, after a continuance of experiments for several months, had 
been able to replace 60 per cent, of the coke by raw lignite. It is essential to the 
success of this charge, that an increased pressure and temperature of hot blast should 
be secured and maintained, and the ore be in pieces and not in dust. 

Hot Bloat PgroTneter.^At a recent exhibition Mr. Josbph Casartbuj, of Man- 
chester, exhibited a pyrometer {fig. 2874) which is thus described by the inventor, 
Mr. Hobson 


* In this instrument the aim is to tone down the temperature of the blast by an 
admixture of a constant proportion of cold atmospheric air, so that the highest tem- 
peratures likely to have to be recorded are brought within the range of a good mer 
curial thermometer. The hot blast is introduced in the form of a jet, which, hy 
suitable arrangements, is made to induce a stream of atmospheric air, and the mixed 
stream then passes on and impinges on the bulb of a thermometer. The siie of the 
jot, and the area for the induction of cold air, are fixed and unalterable, hence it is 
assumed that the proportion of hot blast to cold air is always constant ; for, if the 
nressnre of the blast increases or diminishes, it necessarily causes a corresponding 
Uicrease or decrease in the quantity of air induced. This seems sufficiently clear, but 
in order to remove all doubts it has been proved by experiment Uiat this instrument 
gives the same reading as flimngNs’ copper ball pyrometer, whether the pressure of 
the blast be 4i lb. or 2 lb. per square inch. This was^ tried in the following manner : 
First, a trial with Siuons’, then with tins instrument; in both cases the blast boing 
at 4^ lb. Immediately after the blast was lowered to 2 lb. pressure, and tbM instrn- 
ment tried ngain. The result was that they agreed at 4^ lb. and they agreed at 2 lb., 
thus clearly proving that variation does not aflect the constanoy of Me ratio. On 
similar grounds there is no reason to suspect that variations in temperature, with a 
constant pressure, alters the ratio to any practical extent, for altiiongh a low tempe- 
rature means a greater discharge by weight from the jet, still a greater disduu^ 
means a greater induction and vice verad. In gradating the instrument no attempt 
is made by abstruse and possibly ill-founded calculations to determine direct the esa^ 
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ratio of hot blost to eold air. Having taken initable precautions, so that the higiiest 
temperature to bo tested cannot damage the thermometer, the hot blast ia first tested 

237* 



by a standard pyrometer, say Sibmkns’ copper ball instrument, which, for example, 
rogiaters say 1,000°. The new pyrometer is immediately tried in the same blast, and 
when the mercury has ceased to rise the indication of the thermometer is recorded, 
say 862°. After deducting 70° (» atmospheric temperature) from each, and dividing 
the lesser by the greater — *814°, the rise of the thermometer per actual degree in 
the blast above the atmospheric temperature is obtained, and from this any other 
point in the scale is readily calculated. From this it is clear that it is quite imma- 
terial what particular ratio is adopted, providing that ratio is unalterable, and it 
need not be the same in different instruments. In fact, although the ratio of hot 
blast to cold air can now be readily calculated thus : — 


W — Atmospheric temperature 
T ss- Temperature of mixture by thermometer 
X M Helative weight of cold air (hot blasts 1) 
Z B Actual temperature of hot blast 


Z — T 

then X— Yirw“2‘18, 


it is not even necessary to know what the ratio is. In manufacturing these instru- 
ments, however, it is clearly advisable to make the ratio the same in all instruments, 
for if not, every instrument would have to be separately tested by a standard. On 
the other hand, if sufficient uniformity can be attained in their manufacture to secure 
absolute identity in ratio, then it becomes necessary to test only the first one, and 
mark all the rest to the same scale. By practical trials it has been found easy to 
accomplish this. As the atmospheric temperature is liable to variation, the inlet for 
induced air is so placed as to draw its supply from a region as far as possible removed 
from the influence of radiation and conduction. By so doing, and taking the mean 
variation temperature in calculating the scale, and ly using a thermometer of os high 
a range as possible, so as to require less of the diluting and variable medium, sufficient 
truth for practical purposes is attained without having to resort to a second ther- 
mometer to test the atmospheric temperature ; which would not only make a com- 
plicated instrument, but would necessitate the use of the above formula for every 
observation. As it is, by submittiog to a maximum error of 22° corresponding to an 
atmotpheric variation of 10° above and below the mean, a simple and suffieieutly 
aecuiate instrument is obtained, which can be used by any workman and without any 
arithmetical process.’ 

SCr. HxDDLBToif, of Leeds, has introduced a new puddling ftiraace in 
which he melts the pigs in a separate chamber, by which he thinks he economises fuel 
and that the iron is to some extent purified. 

2375 and 2376 iUustxute the system. The ftirnace is similar to the old style 
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of farnaoe, neepting that between the paddling chamber, a, and the firegrate, ui 
fixed a melting chamber, b, whore the pig-metid ia broi^ht into a molten etote. The 
heat flret entera the meltii^ chamber, b, and converta the pig into a fluid atate, which 
ia then run into the puddling chamber, a, by means of a wannel or spout, d. While 
Uie molten iron is being worked, the melting chamber, b, is again chaiged with pig, 
which when melted passes into the puddling chamber, a, as before, and so on in auo* 
cession, thereby keeping the puddling and heating chamb^, a and n, continuously at 
work. After ^e Are is first fed, the above process consumes the whole of the smoke ; 

2375 




2376 


and the heat generated in the melting chamber, b (which in the old process escaped 
up the chimney) is utilised in the puddling chamber, a. When the metal is required 
to be refined, a blast, b, is introduce into the melting and puddling chamben in such 
a position as to produce the required heat upon the motal. 

Caddock’s Puddling Furnace . — In 1867 a patent was granted for a puddling furnace, 
and recently (1876) Samvbl Oaddock, Pembroke, Maine, U.S., has patented a series 
of improvements therein. 

FHg. 2376 is a longitudinal section of the improved puddling furnace, and fg, 2376 
is a cross section of the same. 

The paddling furnace may be of any desired sise, and constructed of the usual 
materii^. Surrounding that part, b, of the furnace where the iron is puddled is a 
metallic chill, o. This chill may be circular, hexagonal, or of any other desired shape, 
and it is hollow ot formed with a continuous channel passing within it. On the top 
of ohiU, c; and surrounding it, are affixed, in any desirable way, water-pipee, d, and 
to the under side of the bed^plate, c, are seourra water-pipes, a. Surrounding the 
inner framework of mouths, b, of the furna^'e are water-pipes, d. Passing along the 
upper edge of the Aimaca, immediately above the grate-ban, is a water-pipe, b. This 
pipe passes along one edge, returns and passes along the other edge, passes down and 
immMiately below one of the bUst-pipus, and returns, passing beneath the other of 
said blast-pipes. Supporting the sides of the furnace, at or near tbe doors of the 
same, are columns or standards, r B'. Through the ooluinn, i, is admitted the we«er 
which eui^liee the several pipes hereinbefore described, and throng the column* f', 
it is disdharged. Suprozting the furnace proper on its under wde are a Series of 
tubnlar bearers, $ e. Tnsse bearers may connect at their front ends in titj deeired 
manner with the blast-pipe, and at their rear ends with a blast-box, or in any suitable 
way convey the blast to Uie ^mace fires. Beneath the ordinary grate, Q, is placed a 
■upplementaiy grate, b This supplementary nate may or may not be connected to 
the blast, as desired. The inner doors, through which the iron is stirred or puddled. 
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are fonned <m their inner aide or face, no that aoctions of fire-brick majp be inserted 
therein and held in position by a dove-tailed flange formed on the inner edge of ^e 
door. 

The pnddling flanaoe being oonstmcted substantially, as above described, its oro- 
ration is as folloirs The fire having been kindled on the grate, o, the iron under- 
going the process of* puddling is placed in the bed, n, and a blast being forced through 
the orMoe,^ vhich opens into the channel of the chill, c, it is conducted through and 
around said channel into a blast-box or otherwise, and thence through suitable per- 
forated outlet-pi i^B to the furnace fire. It will be readily seen, therefore, that tliis 
moans of suppling the blast is efficacious in two respects. It constantly circu- 
lates a current of cool air, which reduces the temperature of the chill and preserves 
It from burning, and 

by the time the air 2377 

has circulated it has * 


boconio heated suffi- 
ciently to form, as it 
were, a hot blast for 
the furnace fire, and 
thereby effects a large 
saving in fuel. As an 
additional economy, 
there is below the fur- 
nace or grate, o, an 
additional or supple- 
mental fornaco or 
grate, M, for the pur- 
})OBe not only of heat- 
ing the air and other 
gases that pass up 
from the ash-pit, but 
also allowing it to 
catch the partially 
consumed coals that 
fall from the upper 
furnace and fully com- 



plete their comhus- 
tiQLii. In puddling 
liirnaces heretofore 
constructed, the water 
cliaunels around the 
mouths of the furnace 
doors and beneath the 
puddling pit, and other 
places throughout the 
furnace, have been cast 
with the several parts, 
sn that when tihese 
channels were burned 
up, or the plates were 
fractured, it became 
necessary to supply 
new plates with new 
water ohannels, at 



considerable expense, no7A 

besides interrupting 
the operation or the 

furnace. By Canvoex’s improvements the inner edges of the openings are attached 
in the fomaee pipes, 4 d. These pipes may be secur^ to^ the furnace mouths Iw ivm 
or clamps, or in any suitable manner, so as to keep them in position, one end of eaidi 
pipe connecting with the columns, f, and the other opening into the columns, v', the 
supply of water being through the columns, r, which act as mains, and the outlets 
being through the standards, x^, as before described. 

Secured to the bed-plate, 0, are water-pipes, a. These pipes are not cast into or 
with the bed-plate in the ordinary way, but they are attached to the bed-plate by lugs 
and bolts, or in any way so that, if the plate burns out or becomes fractured or 
waiped, the water-pipes remain undisturbed, and can bo readily affixed to a new plate 
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M Mon M it Si placed in j^ition. Tbeee inpei receive their supplj of water firom 
the colunmi, r, and they discharm it into tne columns, ^ ^ 

Snrroimding the upper edge of the chill, o, is a water*pip6 or pipes, D. This may 
he one continuous pipe or may be sections, and they are secured to the upper surfisoe 
of the chiU by braiwets or lugs, or in any way so that, when the chiU bums out or is 
fractured, the water-pipes remain intact, and arc readily adjusted to the new chill 
when fitted. This pipe receives its supply of water from the standards, f, and dis^' 
charges it into the standards, f*, in the same manner as do the other pipes. 

Passing from one of the columns, f, is a pipe, b, which enters into the fire-box im- 
mediately above the grate-bars, passes along one e^e of the same, returns and passes 
along the other edge, goes down and pusses into the supplementary fire-box, passes 
along below and in contact with one of the blast-pipes, returns and passes below the 
other blast-pipe, and discharges into the standard or oolumn, f', keeping up a constant 
circulation of cool water, preserving the walls of the fire-box and the blast- pipes from 
intense heat. This pipe is not cast on to or with any part of the furnace or blast- 
pijies, but is secured thereto, as are the other water-pipes, so that they may be re- 
placed, if necessary, without disturbing thdir contiguous pirts, or, in case the con- 
tiguous parts are burned out or fractured, the pipes remain mtoct, and can be fitted to 
the new ports when placed in position. 

If, for any reason, it is thought desirable to discontinue the blast from the chill, or 
if more blast is required than can bo admitted through the chill, the blast may be 
admitted through the tubular bearers, e, and thence conducted into a blast-box, or 
otherwise to the fires. This blast may be introduced into the bearers through hoUow 
uprights, y, or, as before stated, it may be introduced in any way thought advisable. 

Instead of hning the inner ^e of tlie inner or protecting doors with fire-brick in 
the ordinary manner, depending upon cement and iron straps to hold the fire-brick 
material in position, the door is cast or otherwise formed with a flange, having formed 
in its inner face an inclined recess. The flro-hricks are moulded with their edges at 
an angle that will fit into this inclined recess, so that when they are in position the 
last brick acting as a key will hold them firmly in position. The advant^as of this 
method of lining the doors ore that any part of the brickwork that has been burned, 
warped, or otherwise destroyed, may witn great facility be removed and new sections 
replaced without disturbing the whole lining, and also, the brickwork being confined 
by an equal prossure throughout, it is not so likely to warp and budge by the action 
of the heat as it would otherwise do. 

As is well known, the bit or orifice through which the puddling irons are intro- 
duced, is rapidly worn away by the friction of the irons against them, in which case 
the door is generally discaidod for a new one. By this improvement there is affixed 
to the front of the door a movable wrought-iron bit, so that as the bit becomes worn 
a new one may be replaced at once without disturbing tho door. This bit may be 
attached by slides or lugs and bolts, or in any way. 

It is necessary to cover the outer surface of the brick forming the chimney stack 
with the ordinary red brick, so that the fire-brick may be preserved from the weather 
and kept* in position. To obviate the necessity of this oonstruction, and at the same 
time to bind the stack with a uniform pressure, so that it will not warp from unequal 
expansion or contraction, the four angles of the stacks are enclosed with angle irons, v. 
These irons may be of cast or wrought iron, and are preferably made in sections and 
bolted together. Surrounding these irons, and supporting them and the stadk is a 
framework, », composed of uprights, nnn. This framework is cast with or otherwise 
connected to the angle irons, k, and forms part of them. The lower part of tJie 
framework sets into a base, and tho upper port of it is bolted to a cap. This cap 
being fliuh, or nearly so, with the upper end of the stack, the cap not only tends to 
stiffen the whole framework, but it acts as a shield to prevent the carbonic ahd other 
noxious mes from enveloping the end of the stack and disintegrating the brick. 
Under ue stack, or what is technically known as the ' stove,' is fitted a door which 
opens downward for the purpose of dropping the accumulated ashes, &c. As an ad- 
ditional means of holding the fire-brick to their inner surfaces, the doors are oast with 
a concave inner surface, and the bricks formed with corresponding convex surfaces, so 
that they may be held in place by the fitting curved surfaces togeuer with the angular 
fiange before described. — Tbe Iron Affe, New York. 

Puddling Slag. — l)r. Eolijicakn, of Oberhaussn, has examined with much care 
specimens of slag and iron taken during the operation of pad<IUng at the Konigsbutte 
works in Upper Silesia. 

The specimens of slu^ were taken from the furnace in a ladle lined with liaie. The 
following are the conditions of ten samples : — 

1. Slag taken from the heBprth at 10.43 a.m., after thorough deansing. 

3. Slag taken at 11.17i after complete fusion of the charge. 
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tf. Slug Uken at 11.37 from the upper enrfaoetkf the bath. 

4. Slag tahen at 1 1 .Z6, 

6. Slag taken at 11.38. 

6. Slag taken at 1 1.46, at the beginning of the refining. 

7. Slag taken at 12.14, before the end of the refining. 

8. siag' taken at 12.20, at the time of coming to nature of the fint puddled ball. 

9. Sample of elag: taken under the hammer during the ehinglingof the first puddled 
1 )h1I. 

10. Slag taken at 12.42, fire minutes after the remoral of the last bloom. 

Raoh of these specimens was most carefully analysed, giving the following 
results: — 


_ 1 

2 

8 

4 


6 

7 

8 

9 

10 

SlUoa 

l.S-82 

17-18 

20-60 

28-18 

80-87 

19-96 

21-91 

10-4 / 

16-29 

17-89 

Protoxide of Iron . 

fi2-16 

se-ofi 

64-01 

62-48 

67-06 

61*68 

46-76 

48-0 4 

61-62 

51-82 

Peroxide of iron . . . 

22-81 

0-81 

7-72 

0-94 

9-04 

11-46 

12-86 

13-4 8 

19-32 

17-64 

Oxide of manganese 

fi-flO 

9-36 

12-88 

12-61 

10-10 

11-69 

16-87 

14-4 0 

8-46 

9-84 

Alumina .... 

0-33 

0-86 

0-41 

0-49 

0-30 

0-27 

0-80 

0-34 

0-88 

0-42 

Lime 

0-7« 

0‘G9 

0-80 

0-88 

0-61 

0-60 

0-4S 

0-62 

0-61 

0-68 

PhoHphoric acid . 

2-30 

340 

4-80 

4 22 

8-49 

4-26 

8-10 

4*17 

8-78 

8-98 

Buljiburic acid 

tmooB 

— 

- 

— 

— 

. ~ 

— 

— 

■” 1 


Iron . 

M 

IIMII 


OH 


IKW1 

UJy 
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Slag is a silicate containing in solution more or less protoxide or peroxide of iron. 
On a microscopical examination of slag finely pulrorised and thrown into wnter, 
transparent particles can be 

seen flecked by dark and very 2Z79 

visible spots. Basic skg con- 
tains more dark flecks than 
other slags. These dark spots 
in slag are protoxide and per- 
oxide of iron, whilst silicate 
of iron gives spots of consider- 
able brilliancy. 

It appears easy to explain 
the favourable effect of the 
manganese in the pig on the 
products of refining. The 
manganese hinders the break- 
ing up of the oxides of iron in 
the silicate of iron, and conse- 
quently retards the formation 
of the reflneiw slag. — ‘The 
Chemistry of Fuddling,’ An- 
naUs In^trifllci. 

Hot Blast, Oowpbr’s. — Since 
the peat improvement effected 
by the late Mr. Nbilson by the 
introduction of hot blast of 
about 600** Fahr., there has 
perhaps been no greater im- 
provement in the smelting of 
iron than that produced by the 
invention of Mr. E. A. Gowtrr, 
of blast heated in regenerative 
hot-blaet stoves to 1,400** or 
IMQP Fahr., the ‘ regenerator ' 
being on the same princ^le as 
those introduced bj Mr. 8m- 
Mairs. 

In 1867 Mr. Oowfbb first 
proposed to construct a fire- 
bri^ regeneratire hot-blast 
stove, by enclosing a * regene- 
rator* eompoeed fire-brick within a wrought-iron case, which could easily be mada 
psifaetly air-tigbt, and could be protected from the effects of the heat by the brick 
lining i^de it, then bytaUng waste gae from the top of a blast fhrnsAe, and burning 
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it in the itofe, the briekirork wee heated up. not equelly throughout, but to the 
higheit temperature at the top, where the flame flret arted, and then as the prodnets 
of eombuetion paeeed down through the paeaagee in the r^nerator, the products 
became oooled, and the bricks beoi^e heated ; then after this had gone on ior some 
two or three hours, the rulres were changed, and the cold blast went in at the bottom 
and gradually tocik up heat from the very surfaces of the bricks that had befen pre- 
vioomy heatra up by the products of combustion, and thus when the blast passed 
away to the iVirnace, it was heated up to a very high d^ee ; and now, owing to 
various improTements that have been introduced for pernctly distributing the air 
throughout the regenerator, and in the proportionate heifj^t and diameter of the 
regenerator, &c., the blast can easily be heated to 1,600° fahr., and be kept very 
re^lar at that temperature. 

The stoves are worked in pairs alternately, so that whilst one is being heated, 
another may be heating the blast, and one is put on before the other is taken off, so 
that there is no cessation in the blast. Sometimes two or three stoves are made to 


2880 
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blow two furnaces. At Messrs. 
SchxbidWs, where the * Cowfbb 
stoves * are adopted in preference 
to all others, there are 26 stoves, 
variously arranged for the nu- 
merous foroaces, there being in 
one case nine in a row for four 
furnaces ; at Ebbw Vale there 
are four etovee for two furnaces, 
making 800 tons of best Ess- 
sKif BB pig per week ; at Landoro 
there are three stoves for two 
furnaces, also at Ormesby tbf^re 
ure thirteen stovee in a row; 
and in France, Germany, iind 
Switzerland they are likowiae 
disposed in various ways to suit 
the situation, size of furnaces, 
&c. They are made of all sizes, 
from 16 n. diameter up to 30 ft. 
diameter, but 10 ft. diametor to 
26 ft. is about the commonest 
Size. 

2879 exhibits a vertical 
section through one stove; the 
gas valve, b, and air valve, c, 
are suppoeed to be open, and 
the flames passing up to the 
top, as ebown by the arrows, 
through the oizeular shaft, n, 
and then descending through 
the holes in the covering tilee, 
p, and down through the pas- 
sages in the regenerator, b, and 
out by the onimnoy valve, a. 
Then when the stove is heated 


up, the cold' blast valve, h and 
hot-blazt valve, i, aro opened, and the blast passes up through the stove and down 
through the circular shaft, d, and hot-blast valve, i, to the blast furnace ; the air, 
gas,, and chimney valves of course being shut. 

2380 exhibits a sectional plan of the stove, with the valves, circular Aafb, d, 
regenerator, b, with half of the covering tiles, f, removed, to show the conitraotion of 
the regenerator itself. FVes. 1, 2, 8, and 4 show two methods of constructing the 
regenerator; and injlK^. 8 we brush occasionally used for deaning out ie shown. 

At the time when these stoves were flrst introduced, the ordinary temperature of 
hot blast from cast-iron pipe stovee never exceeded 760° Fahr. ; but when it was 
proved that 1,200° Fahr. and 1,800° Fahr. blast from the * Cowpim stoves* produced 
greatly in\proved economy, many ironmasters pushed on their ]^pe stoves to produce 
a higher temperature, and although many were burnt down in the attam]^ after 
sjnd^ email raprovements a temperature of 900° or a little over is now obti^ed by 
some parties with manifest advantaM, though the economy and increased ' make ' of 
non, raenlting frean blast of 1,400° and 1,600° Fahr. from the ^Cowm stovei* is 
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■till fkr in advanee. Thni at one worln where 28} and 29} ewt. of eoke need to be 
employed per ton of iron made, the ooneuinption waa at onoe reduced to 20} to 21} 
ewt per t^ and haa ainoe bera brought down aa low aa 18} ewt per ton of beat 

Theae ato^ have been exteuaively adopted, and in every eaae greatly inera aae the 
* make ’ a fhrnace, beaidea giving great economy in fuel, and their uae ia largdy 
extending. • 

OnoaaLBT’a UoUBUut ^cm . — The object of this invention is to combine the advan- 
tages of the high temperature atove patented by Cowraa and by WHxrwnLL^voL ii 
p. 961) with those of trm ordinary and cheaper caat-iron atovea. 

The stove is so constructed that the gases — which, in the ordinary cast-iron stove, 
necessarily escape at a veiy high temperature, and in many eases in the actual 
process of combuBtiou, thus causing an immense waste of heat, and consequently of 
fuel — are made to pass into an upper chamber above the ordinary store, and there 



utiiised for the preliminary heating of the blast. The waste gases from this chamber 
may again be passed into another chamber above, and there utilised in the same 
manner, thus aMtraoting practically the whole of the available heat; but ibr ordinary 
purposes this is not neeepsary. 

l^ie engravings show the stove arrangement, which consist of {fig* 2881 a) a chamber 
in whidi ordinary cast-iron beating pipes are arran^ in any of the approv^ 
modes. Into this chamber the gas or other fhel ma;p be admitted, and used in the 
ordinary manner. The method of combustion shown in the wood-cut has been found 
to work most satisfactorily. The openings fbr the escape of the hMted products of 
omnbnstion into the npper ohamber much facilitate the proper distribution of heat in 
this chamber. Fig. 2881 b, a second or upper chamber into which the heated gases from 
the lower chambw escape through the opening indicated by arrows. In this chamlwr, 
M ia tilui lower one, a series of oast-iron pipes are arranged in a similar manner ; Imt 
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they may be fewer in number, and of a lam thiokneM of metaU not having the same 
inteuM neat to wiUuiland. The number which have been adopted at Aekam are 
12 in the lower and 10 in the upper chamber, and the thicknese f for the upper and 
H** tot the lower pipes. These heating pipes are shown in plan in figs. 2888 and 2884. 

The blast is first conveyed through the upper serirs of pipes, and there heated by 
the escaping gases from the lower chamber to a temperature of about 600*’ Fahr. 
(^60° 0.), which is evidently clear gain over the ordinary single chamber system. 
The blast thus heated is then conveyed through ordinary cast-iron pipes, which should 
be covered with some non-conducting composition, or enclosed in a brick chamber, 
that the blast mav retain the heat already acquired into the heating pipes of the 
lower chamber, where it is further heated to the temperature required ^r the blast 
furnace. This temperature may bo the same as that ordinarily obtained from cast- 
iron stoves, in which case it will be of a more uniform character, and obtained with a 
less heating of the pipes, and consequently with less wear and tear, and at a saving 
of nearly 60 per cent, in ms or other fuel, or it may be at a temperature of 1,160° Fahr. 
(621° C), which is 200° Fahr. (93^° C.) above the temperature safely^ obtainable in the 
ordinary form of cast-iron stove, and may be secured without any higher temperature 
of the heating pipes than that required lor tbio former temperature in the old form of 
stove. 

It may be remarked that in caoe of accident the pipes can be removed from this 
with (^uite as much ease as from the old form of stove, but lieing more under control, 
the pipes are less liable to damage, and therefore do not require changing so 
fiFMuently. 

The advantages claimed for the stove are a saving of 40 per cent, of fhel used in 
heating the blast, a higher temperature than that now obtained, a uniform tempera- 
ture, economy of fuel in the furnace, and thorough command over the temperature of 
the blast. The power of the stove is so great -^ue to the draught caused by its 
increased height, and also to the extent of the heating surfece — as to be found to give 
such control over the temperature of the blast, that it may be kept constantly at ihe 
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sane temperature notwithstanding disturbance in the weather or accident at the 
furnace, which interfere with the quality or quantity ot the gas. The stove has been 
at work for eighteen months, and has given the most satisfactory results. 

Tuyere^ Lloyd's Patent Sqftty. Bee article Iao», vol. ii. p. 947. 

The patentee claims— and it would appear he fairly does so— that there is perfect 
freedom from any risk of tuyere explosions where these tuyeres are used, the tuyere 
being kept at a low temperature by the circulation of water, as shown in fys. 2366 
and 2386, which indicate the entire construction of this particular tuyere. 

There can be no leakage of water into the furnace. 

Any overheating of the tuyere casing, through displacement of the spray pipe or 
defective water supply, can be at once detected, and in most cases remedied before the 
tuyere is iiyured. 

If a tuyere is worn out or burned through, there need be no haste in removing it, 
and the blast need not be stopped purposely until a convenient opportunity occurs. 

With good water simply these tuyeres are more durable than any other kind. 

With defective water supply, or impure water, these tuyeres are at least as durable 
as any other kind, and are firoe from the dangers consequent on leakage, resulting 
from partial stoppsM of water supply, where other tuyeres are used. 

The cost of re| 2 ^r or renewal of these tuyeres is very small. The tuyere easily 
are ver^ durable. The spray pipes are not exposed to any wear, and will last ior 
years without renewal. 

The fiict that leakage into the furnace os well as explosion is impossible where 
these tuyeies are properly placed, is not always understo^Ml until the tuyeres have 
been tried, and it can be readily proved in practice. Supj^ng that from 
stoppage of water supply (whitm must cause any tuyere to heat abd bum) the nose 
end of one of the tuyeres were entirely bumtoff. This would be an extrsme^aasi aad 
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un fCftKely ever liappen, ^et the aprav ib so Bnanged that the inward presanre of 
Uaat from the ftunaoe farcing ita way mck through the open apace will at once blow 
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nnv apniy or water that might ofhorwisc fiill into the furnace, bick, simply wetting 
lIiL tuyere lume, aud causing no harm or danger. In the old system, either of eoila or 

2386 



water jacketed tuy* res, wliore a hole, however small, is once made by burning or 
wearing out a tuyere, the water mu^t leak into the furnace, and has no other means of 
usriipe. This causes some risk of explosion, but though the danger may often be 
small where coiled tuyeres are used, it is 
always great where water jacketed tuyeres 
nre used, and there is no safety even with 
coils. But apart from this question of danger, 
the result of water leaking into a fhrnace 
invariably loses heat and very often causes 
such derangement of the working that it 
takes days to set it right. Two instances 
are known where furnaces have been entirely 
ruined from this cause, and had to be blown 
mt, even though the leakage did not result 
in any explosion. Another point which is 
found important in practice is that very often 
a defleienOT or stoppage of the water supply 
is seen belure the tuyere is at all damaged , the tuyere being open at the back, I Jck 
VoL. IV. U H 
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a eixounutanee if at ones apparent. Tuyeres of this cooftructiou frequently lart fbt 
monUia together where in former tiniee the tuyores were being renewed eyeiyiew 

Spra^ pipee are generally used as shown in the engraving, but perforated eoile or 
bent pipes are also employed. All that is required is a sufficient number of small 
jets of water playing on difTorent purls of the tuyere casing to keep it oonstantly wet 
and cool. It is seldom necessary to alter the existing water supply at fumacee 
adopting these tuyeres, and us it rule the wiiste water goes away not more than 10° 
hotter than the feed water. This varies much acconling to circumstances, but no 
difference is found in practice as to the amount of heat absorbed bv the water, which 
is scarcely worth notice. If there is any difference on this point the advantage is on 
the side of the Llotd tuyere. 

Bpiegdeisen. — Dr. Rossitbr Raymond, of New York, brought the following notice 
before the American Institute of Mining Engineers in 1870. It is so suggestive, that 
we give it entire : — 

*1 desire to call the attention of Iho Institute to an interesting experiment, which 
may turn out to be an indication of a valuable improvement in the manufacture of 
steel. As the members are aware, the ad<litSou of ordinary spiegeleisen, in the open 
hearth or Bkssumrr converter, to a bath of decarbonised iron, has a twofold object — 
the rocarbonisation of the bath to a desired degree, and the remedy of the red-short- 
ness otherwise found to be inevitable in the final product. This red-shortness is 
ascribed to the presence of oxide of iron in the molten metal ; and it is supposed that 
the manganese of the spiegeleisen, uniting with the oxygen of such oxide, caiTics it 
into the slug. At the same time there is a small percentage of the mangHnese 
usually left in the cast steel, probably to the improvement of its quality. Wlmtevor 
be the true explanation, the effect of the manganese is acknowledged to be not only 
beneficial, but necessary. But the use of spiegeleisen containing high percentages of 
carbon limits the quality that can bo introduced, because the carbon must be limbed 
if soft steel is desired. This inconvenience becomes so serious as to prevent the use 
of ordinary spiegeleisen in the manufacture of steel containing more than, say two- 
tenths per cent, of phosphorus ; since the quality of the steel can be made tolerable 
only by reducing its contents of carbon in proportion as the phosphorus is increased. 
The necessity of adding manganese, without adding carbon in excess, has led to the 
employment of ferro-mangineso instead of spiegeleisen ; and tlie only difficulty now 
remaining is the high cost of the ferro-roangnnese. 

*Sumo months ago, while engaged with T)r. T. M. I)R«»WNupon some literary labours 
relative to the metallurgy of iron and steel, I received from him the suggestion that 
the process of *' annealing,*' employed in the manufacture of malleable castings, 
might be employed in the decarbonisation of spiegeleisen, so as to produce a mangani- 
forous iron containing little cirbon. In pursuance of this suggestion I requested a 
member of the Institute, Mr F. J. S],ai)£, of the Nkw Jkusrt Stbkl and Iuon Com- 
pany, to make an experiment, principally for the purpose of testing whether the 
oxidising agent employed in annealing would not remove manganese as well as 
carbon, and also to ascertain the rate and d<'gree of the reaction. 

' Broken pieces of German spiegeleisen, aliout 3 inches in diameter, were packed in 
scale from the rolling mill, in an iron box of about 1 cub. ft. capacity, and this 
box was placed on the back part of the hearth of a Sikmenb furnace, used as a heating 
furnace auxiliary to the melting furnace of the Mautin process, at the works of the 
New Jersey Steel and Iron Company, at Trenton. lu this position the box was 
exposed continuously for three weeks to a cherry-red tompemture, after which it was 
removed, and the contents were examined. The interior of the pieces of spiegeleisen 
was apparently unchanged ; but the outside, to the depth of about one-eighth of nn 
inch, had been altered in texture and appearance. This exterior layer is no longer 
brittle, but exceedingly tough, so that it is extremely difficult to break it. By ham- 
mering a piece of this spiegeleisen the whole interior may be shattered, while the out- 
side layer is simply battered, not broken. 

*The following analyses made by Mr. J. Blodobt Britton show the chemical 
changes that aocompanied this physical alteration ; — 


I. II. 

Ordinary Annealed 

Splegel('iien Splegelelien 

Fhosphoms « . . . . -079 *056 

Man^nese 11-036 10-6'i8 

Carbon 3-016 0-499 


* According to these analyses there has been a slight diminution in manganese and 
phosphorus, and a large reduction in the amount of carbon. It is evident that the 
annexed spiegeleisen can be used where the other cannot, in the manufacture of mild 
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Steel*. The adrantage of this treatment, if it should prove economically practicable, 
would be still gre iter in the employment of the extra manganiferous epiegeleisen, 
such as is now pr)duced from the blast furnaces in West Cumberland, England, and 
by the Bociiri ANomrHB dbs HautS'Foobnbaux at Marseilles, France. 

* The following analysis shows the high percentage of manganese in the tpit^eleiaen 
extra mmgafiJei of the latter company ; a i)ercentage, by the way, which they claim 
they can increase 'still further: — 

Manganese . 24*40 

Silicon 0*43 

Sulphur 0‘009 

Phosphorus 0‘OIU 

Carbon between 4 and 6 per cent. 

‘If such a spiogoleisen, costing at Now York, say currency, per ton, could lie 
decarl)OTii8ed by the comparatively cheap proeoss of annealing, it would be a profitable 
sub'^titute for ferro-mang.meMe at the jtrerieiit high cost of the latter. 

' In carrying out such a plan in practice it would be necessaj^ to have the spiegel- 
eiseu graiiulat^ or cast in thin plates, ho that when surrounded with scale or ore, and 
heated, it might be annealed tliroughout.* 

Fitgfd Rpu-gdeisen instead of Ferro-manganese. — Instead of tlie ferro-manganese, 
Dr. TIaymowd recoinnumda the use of fused spiogoleisen in the Nksskmhu process. 

He ignites spiegeloisen, rich in manganese, in an iron box for some time, in order 
tn<liminish the carbon, and to use the product for the preparation of soft steel. The 
following analyses show the effect of long heating : — 





NutfuBod 

b 

Fused 

c 

Not fnneil 

d 

Fused 

e 

Not (oMd 

/ 

Fniied 

(\vrl)on 



3’016 

0 409 

3*430 

0 100 

3*48 

0*100 

Silicon 



— 

— 

0 445 

0 449 

0 585 

0*614 

Mmigancse . 



11,036 

10*698 

0 529 

0 525 

0*585 

0*575 

Sulphur 



— 

— 

0 0.")0 

(1*083 

0*105 

0 162 

Phosphorus 



0'079 

0 055 

0 315 

0*315 

0-280 

0 296 


M. A. Gkbinhu has long been desirous of fixing the terms of a good defluitiou of 
steel. As far back as 1869 he proposed to reserve this name for all maUeaUe eidxT- 
urgieal produrts obtained in a state of fmUmt reserving the term ‘ iron ' for every 
malleable product which has not undeigone fusion. From this definition it follows 
that the ancient steels, with the exception of cast steel, can be regarded merely as 
irons, more or loss carburetted and steely. Cast steel, as well as the new metals 
bearing the names of Bmssemkr, Siemens, Martin, &c., are the only true steels having 
the characteristic of being obtained in a liquid state, and run into homogeneous and 
comfit blocks or ingots. Homogeneity and compactness, natural consequences of 
the liquid state, aro the two characteristics of these metals, anil belong to steal only. 
It is well known that of crude iron result merely from the juxtaposition of 

grains of iron at a comparatively low temperature, amidst a slag more or less liquid. 
% the processes of shingling and rolling the greater part ^ the impurities are 
squeesed out of this metallic sponge, and the particles of iron ore brought sufRciently 
near to each other to be more or less perfectly welded together. Thus a rough, crude 
outline of iron is obtained, the primitive form in which iron is- met with in commerce, 
and which is very different from that of crude steel. The latter, obtained at an ex- 
tremely high temperature, is Composed of small drops of iron, taibre or less completely 
carburetted, entirely exempt from slag, and forming when cool a homogeneous and 
commet block or ingot. It is the high temperature attained which impresses a 
peculiar character on the new metals. In fact, uo other means is so effectual for ex- 
pelling slag and rendering a metallic mass homogeneous. In practice, the distinctions 
just pointea out cause the difference of the uses to which iron and stwl are put. If 
the manufacturer requires a metal capable of resisting wear and tear, iron will not be 
selected. Mer6 juxtaposition of particles implies want of compactness, and proba- 
bility of exfoliation and roughness of surface. This is the case with »ilfi. especially at 
stations, inclines, and crossings, and with all articles exposed to great friction. If, again, 
a metal is requii^ capable of bearing shocks and prolonged vibration, steel, if the re- 
iqpecU ve tenacity is equal, is still superior to iron. The want of compactness of the latter 

' a Slid spicgololaon ; e and d, * and /, ordinary jtlg iron. 
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inrolre* the beginninge of Assures, which go on increasing till the article is fractured. 
There are multitudes of purposes for which the homogeneity of steel renders it pre- 
ferable to iron, in spite of the difTorcnce of price. It must not, however, be supposed 
that steel is destined to supplant iron, especiallv ns the new metluxls of meciianical 
puddling will place the latter in an improved position, bringing it a step nearer 
towards the homogeneity and compactness which are characteristic of cast steel. 

At present sideruigical industry yields two scries of products, identical in chemical 
composition, but differing in the manner in which they are obtained. The first is the 
scale of irons, commencing witii common iron in its different states, piissing then to 
granular iron of different qualities. Next, steely iron or puddled steel, often so rich 
ill carbon as to admit of being tempered. Sometimes even it is scarcely iniilleablo 
like Styrian steel. This is a species of reAned cast metal, obtained in furnaces fed 
w’ith wood, and so far freed from carbon that a single bulling in the furnace renders 
it capable of being shingled, though with difficulty, and then drawn into steel wire of 
tlie Arst quality. At the top of this scale wo must also place the cementation irons 
or steels, which are only irons highly carbureted by the immediate contact of carbon. 

The second series forms the scale of steels. It is parallel to the foregoing, and each 
of its members is analogous to a member of the iron scale. It begins with extra soft 
steel, which welds like iron, and does not take a temper. Next follows soft steel, 
corresponding to granular iron and semi-soft steel, representing puddled steel Lastly 
comes a hard steel, corresponding to the cementation irons or steels, and to Styri.iii 
steel. This Anal number of the scale wolds hiMlly and tempers readily. The follow ing 
table shows the percentage of carbon for both series : — 



Percentage of Carbon, 


0—0*16 

1 0*15— 0-46 

1 0*46— 0-66 

1 0-55— 16 


Series of Irons, 


Common irons | 

Granular lions 

/ Steel V irons, or 
\ puddled steel 

r Comontation iron 
< or steels; Styriun 
t steels 


Series of Steels. 


Extra soft steel 

1 Soft Steel 

1 Semi-soft steel 

1 Hard steel 


Mr. Enwani) Bilkt read a paper. On the Entimation qf Manganese in Sptegrhisen, 
and of Manganese and Iron in Mangan{ferous Iron Oria, before the Iron anti Steel 
Institute, in March 1877. From that paper the preceding tables are extracted (see 
pages 468, 469). 

Stkbl, Busskmrr. The following account of an improved Bessrmbb plant is from 
K paper read by Mr. John B. PicAitSB, of Philadelphia, before the meeting of the 
American Institute of Mining Engineers, at Cleveland, U.S., 1876* The whole works 
or plant has been divided into three parts. 1. The division in which the metals fur 
conversion are melted. 2. The division in which the metals are converted into steel 
and cast into ingots, or the converting department. 3. The engine and boiler dopnrt- 
mont, which supplies the hydraulic power required to move the machinery, and which 
furnishes the blast used fur converting the crude metal into steel. The several de- 
partments have usually been so constructed os to be separate from each other, and so 
as to be practically separate buildings, separated by division walls extending to the 
roof. ^ 

' The pig iron is melted in cupolas, and is run info ladles mounted on heavy scales 
Atted to weigh about 16 tons, and placed at the height of from 14 to 16 ft. above a 
horizontal line drswu through the trunnions of the converting vessels. These ladles 
are usually placed 25 to 30 ft. behind the converting vessels, and are connected wiUi 
the latter by spouts or runners, down which the mel^ metal runs. The spiogeleisen 
used fur rocarbouising is melted in air furnaces or cupolas in t]ie cupola department ; 
similar runners, usually connected with the ladle runners, cmiduct the melted spiegel- 
oisen into the converting vessels. All those runners pass through a division wall by 
means of arched openings, and are usually from 36 to 50 ft. in length. In tlie Cambria 
Bbsskmuh Works this division wmU between the cupola and converting divisiQBS has 
been omitted, but the general design is orherwise the same. 

* In the converting departnient the converting vessels, two in number, stand up with 
their mouths towards the cupula department. They occupy, with tdieir chintneySi a 
central position every way, being directly on each side of a line drawn acroiBS Idle 
cupola and converting departments, and through the centre of each department, and 
ore almost ccntmlly between the two dcp.iriim iiis. The converting vessels are iO 
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placed that the flame, gae, smoke, and matter thrown out from the vessel duriqg 
conversion are directed towards the cupolas and ladles. To protect the latter a h^rge 
chimnej is built for e^h vessel in the division wall. The mstter thrown out from 
the vessel is thus projected against the back of ilie chimney where it adheres. 

<The OMsatiun-uf oonvorting the crude metal into steel is completed, with the aid 
of one ladle crane, and three lifting or ingot cranes. The ladle crane lias an arm 
sufficiently lung and strong to support a ladle weighing aljout 12 tons, when full of 
steel, at a distance of 15 ft. to 18 ft. trnm the centre of the crane post. The ladle 
crime c.arries tho ladle around under the converting veB<>elB, and then over the tops of 
a number of moulds, previously arranged in a circle. Tho lifting cranes are designed 
to lift from 5 to 8 tons each, and to cover a circle of about 30 ft. in diameter round 
the post of each crane. Two of these lifting cranes are arranged to swing just over 
the convertors, while the thi^ is so placed that its circle just meets tho circles 
doscribed by the other crane jibs. All these cranes are moved vertically by water 
power, but all other motions are given by hand. 

‘ Tho converting vessels are fitted with a tuyere box, which carries the refractory 
bottom liuing of the vessel, and also the tuyeres, through which the blast passes on 
Us way up into tlie melted metal in the vossel. This tuyere box is usually of large size 
and great wuiglit, weighing over half a ton. without the refractory bottom or the 
tuyeres. A railroad track is laid under each vessel from the drying ovens, so fiir 
under the vessel tliat tho centre of the car may come vertically under the centre of 
tlie vessel. The tuyere box, previously prepared with its liottom and tuyeres, is 
placed oil this car, run under tho vossel, and is lifted into position by a strong 
hydraulic lift, which rises beneath it, and lifts it so high that it may be keyed or 
bolted on to the vessel in its proper place. 

' The buildings containing the boihrs, engine, and pumps are usually placed along 
one side of the converting department, and most commonly at that opposite the side 
on wliieh the cupola department stands. 

* The cupola department must be made of great height, so that tho cupolas and , 
ladles may be sufficiently far above the converting vessels to secure a steep inclina- 
tion of the runners down which tho molted pig iron and sniogeleiseu flow into the 
vessels. All tho metal and fuel for melting must be lifted to a great height, thus 
nocossitttfing heavy lioist arrangements and large expenditure of power. The cranes, 
being fixed in regard to location, have but one set of functions ; none of the lifting 
cranes could take tho place of tho ladle crane, should that break down ; nor if tho 
lifting crane that serves the steel ladles should be injured, could either of the othen 
replace it. The weight of the tuyere box and rofmebory bottom is so great that it 
necessitatoB speciid arrangements to handle thorn, and each converting vessel requires 
a separate and distinct set of these iirrangeinents, as above described. 

* The plan or design of the plant usually adopted is a dual one, thst is, if a line be drawn 
betwoon the converting vessels, and carried eacli way through the buildings, there will 
be one vossel, one drying oven, one ladle for molten iron, two cupolas for melting 
iron, and, in most plants, one air furnace or cupola for melting spiegeleisen, on each 
side of the line. This line also passes through the centres of tho ladle crane and one 
lifting crane, and has one lifting crane on each sido. Each of those sides is, with the 
exception of the ladle crane and the one lifting crane, which are common to both 
sides, complete in itself, and, in case of necessity, could be worked without the other 
side ; but the two sides are destined to be worked together, and all the rest of the 
machinery of the plant is subservient to both in common, 

' The second principal feature of the design heretufore used is that they are con- 
structed ro*und a central point. Tbo vessels are tho centre, and the whole plant is 
BO arranged that the molten iron, spiegeleisen, scrap iron, and refractory materials 
are all brought to them in various ways, and the steel is delivered from them by 
means of the steel ladles swring round the circular pit. Around this pit. on one side 
of which these vessels stand, is conducted tho whole work of conversion. In melting 
pig iron the product is easily carried away down the runners without further trouble, 
but, in the case of steel, we have ingot moulds and ladles, many of which are needed 
immediately round the pit. We have there, fhrther, the drying ovens for vessel 
bottoms, not so much neMed now, it is true ; but the bottoms are still made up in the 
immediate vicinity of the vessela But in front of one oven, os usually arranged, the 
steel ladles stand, and the moulds in front of the other. Tlie steel ladles,^ alter use, 
discharge their slag and scull under their crane, ut one side of the pit, while the hot 
moulds are distributed round tho other two cranes. Tho central position of the steel 
converting details is thus disadvantap^ous, for the heat arising from the hot moulds 
and glowing ingots greatly inconveniences the men. Besides this the inward move- 
ment of the material brought into the centre interferes with the removal of the 



i72 IRON AND STEEL 

dibHtt And the dibrU iUtelf of euch operatioua is also more or less in the way of the 
operationa. 

* From the above descriptioDs it is evident that the design of the Bksskmeb plant 
usually employed is of such a nature that an^ increase of capacity must take place 
by the union of two converting vessels and their necessary appurtenances. It would be 
far too expensive to build fur one vessel the parts usually accessory to both vessels 
in common. 

* The object of my improvements is chiefly to diminish the relative cost of plant per 
ton of steel, and the amount of the original total cost of erection, to reduce the cost uf 
repairs by simplifying the apparatus employed, and also to arrange each part of the 
Bjsbbkicub plant, and the whole design of the combination of the several individual 
piirts, BO that each separate division may be reached from the outside of the building, 
or for a space equivalent to the outside. 

* With this object I unwind, as it were, the whole circumference of the pit, bring the 
cupolas down, and got my operations in a loumtudinal lino, instead of in a number of 
radial lines converging to a common centre. The iron comes in at one end, and goes 
out as steel at the other end. For these purposes I so arrange the converting plant 
that the whole of the machinery, including blowing engines, pumps, boilers, and all 
other necessary parts, may bo placed under a roof of moderate span intended to be 
nothing but a shed made fireproof. The only raised floors employefl are the plat- 
forms required to charge and work the cupolas, the highest of these pliitiorms not 
Wing more than 18 ft. or 19 ft. above the ground, and all of them in one corner 
of the building. The cupolas stand on the ground, and the molten pig is tapped out 
of them into an ordinary foundry ladle of large size, which also rests on the ground. 

I employ small cupolas, also resting on the ground, for melting the spiegoleiseu or 
rccarbonisatioD, and 1 arrange a crane, so that it commands all the machinery in t^e 
building except the cupulas tliemselvos, the blowing engines, and the boilers. 

‘ The crane lifts tlie ladles containing the molten pig iron and spieguleison, and 
automatically pours their contents into the converting vessels, without the intervention 
of runners ut any kind. The ladle and contents are weighed on the crane, and the 
diminution of weight, as the pouring goes on, is indicated, so that by watching the 
index of the weighing apparatus, the regular quimtity may be readily poured out. 
Begular steel ladles receive the steel from the vessels direct,' and are carried away by 
the cmne to the ingot moulds. One travelling crane will perform all the operations 
requisite for the manufacture of a large quantity of steel ; if a very large pniduction 
is intended, two travelling cranes cun bo used, or, in either case, equally good 
arrangements can be made with a jib crane. The traveller is by for the handiest 
crane of the two. 

* The service of the vessels includes renewing the vessel bottoms when the refractory 
lining and tuyeres have been burnt away, and 1 arrange my plant so that the crane 
pulls the car out of the drying oven, and then, by means of a long peel or lever of 
suitable construction, raises the fresh tuyere plate and refractory bottom, and carries 
them into the proper position for attachment to the ci>uverting vessel. The worn-out 
bottom was, of course, previously removed by means of the same lever or peel. 

* In order to make the tnyere box and bottom very light and convenient to be thus 
handled, I have designed a special form of tuyere box, which would be best designated 
by being called a tuyere plate. 

* The converting vessels are so arranged that they need no chimneys of any kind, and 
that the flume, smoke, ^s, and matter thrown out from the converting vessel, during 
the process of conversion, goes directly into the open air, the heavy matter foiling on 
the ground outdde the building. 

* 1 provide a place for relining the ladles, so situated as to he entirely accessible 
from the outside, and quite out of the way of all other work. The drying ovens, and 
the engines, boilers, and pumps are disposed in a similar way, so that coal may be 
taken to the boilers, and rennetor^ material to the drying ovens from the outside 
either by railway car, or on carts, without interfering in any way with other work. 

* The cupolas are placed as near to the converting vessels as is consistent with 
comfort and Gonveniencey but at the same time so that they may be in foee communi- 
cation with the outside. The pig iron, spiegeleisen, and fuel can thus be raised to 
the cupolas in any convenient way from the outside, and the slag and other dibfUt 
resulting from the operation of melting, go directly, in the shortest way, to the 
outside. 

' The ingots are cast in an entirely separate and distinct locality, out of the vicinity 
of the vessels, and easily accessible from the outside of the building. This is done in 
order that the heat, resulting from the cooling of the hot ingot moulds after nsei 
be diminished as much as possible. Further, this arrangement enables us to ptiform 
the hot operation of casting the ingots away from the vessels, which are themselves 
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roDdored rorj hot hy the proceM of conreraion. Tiie beet to which the wcrkmou are 
eipoeed is thue reduced ae much ae poaeible. 

* The travelling crane is so arranged that it can itself, if desired, convey the hot 
ingots to the heating, or in this ctise cooling, furnaces, even at a long distance ; or it 
can pile the ingots where needed, or handle them as may be convenient. 

*1 design, as yoi^see, the blowing engines, boilers, and pumps, in such a way that 
they go i^’ a small space and into a convenient position with reference to converting 
vessels and cupolas, and to the track laid in the building for the removal of ingots and 
the facilitating of repairs. 

* All divisions, or part of the operation incident to the conversion of iron into steel, 
are so arranged that each of thorn, except paitly the melting of the crude metal, may 
have a location such that no other operations are carried on opposite to it, thus 
securing greater convenience and freedom, from the £ict that the operations are all 
carried on in areas adjacent but not opposite. 

' An incidentnl though important feature in my design is, that the steel for ingots, or 
any metal in the course of handling, may bo weighed while being poured, without 
further preparation. In the ordinary plants this cannot be done. There are niuiiy 
directions in which ibis feature can be made useful. 

‘ The travelling crane may be run at any speed, and with one of about 40 ft. per 
minute the iron ladles can bo taken from the cupolas to the vessels, and emptied in 
from 1 to 1^ niiniito. But a speed of 150 ft. to 200 ft. per minute is perfectly admis- 
Slide for travel, 100 ft. to 150 ft for cross motion of crab, and 50 for lifting ordinary 
u eights. ’With these speeds a great amount of work can be done. One Brown’s 
htoam and hydraulic traveller, in the works at Landore, handles the ingots for 8 or 10 
ol SiHMBNs’ furnaces, doing all the viork alone. 

‘In regard to the cost of the plant above described, I have detailed estimates which 
show that it can be built for from j^G5,00() to 80,000, depending on locality, to pro* 
duco an average of at least 150 tons per day. It can be started with a single vessel, 
two cupolas, and the lowest basis for say 60 to 75 tons per day, for ^45,000 ; and its 
capacity can be enlarged, up to the capacity of the cupolas, simply by extending the 
building in length. The estimated savings on all items, as compared with ordinary large 
pbtiits, IS not less than)jf2.50c per ton, in addition to the large saving in interest.’ 

Htbbl, Cast, Free Ammoiim m. — The following phenomena were observed in ,Tuly, 
1875, in a steel foundry near Paris, specially occupied with castings, generally from 
the crucible. They are thus desoribed by M. BKaNARn : — 

‘ One of the furnaces was on Punsard's system, and in a large number of the ingots 
run from it I noticed, much to surprise, tlie presence of free ammonia. 

‘ It was under the following circumstances : — The Ponsard ingots, measuring late- 
rally about 8 centimetres, used to be broken up for charging the crucibles, and while 
closely examining on one occasion the fracture of a freshly broken ingot, I was struck 
by a distinct odour of ammonia. I had a number of ingots at once broken, and ob- 
B( rved the same phenomenon, if not in all, at least in a great number of cases. The 
clmracteristio ammoniacal odour was most distinct, and its presence was acoomranied 
by that of a peculiar rushing sound, which was perfectly audible on applying tne oar 
to the ingot. Attributing the noise to a disengagement of gas, 1 pour^ soap and 
water on the fractured surface, and a frothy substance of someChnes a cubic centi- 
metre in volume was then form^, composed of thousands of microscopic bubbles. I 
called the attention of several men of science. Colonel db Rbwtb, M. db Bkaucuaup, 
and MM. Troost and Haxttbfeuillb, among others, to this phenomenon. 

‘ 1 renewed the experiment over and over ag>iin on a great number of ingots, from 
a hundred separate runnings of metal for remclting, and observed the following 
tacts : — 

* The disengagement of gas and the ammoniacal odour co-existed, and seemed to be 
in a direct ratio for intensity. Blister steel and mild steels generally had no trace of 
g.is. The appearance of the fracture of the ingots which gave rise to gaseous dis- 
engagement wae always the same, crystalline, and not quite uniform from circum- 
ference to centre. The ingots from the same running generally, but not invariably, 
exhibited eimilor phenomena. If tempered before fracture, the phenomena were 
absent Usually it was from the very centre that the disengagement of the gaseous 
bubbles took place. This was easily verified by placing the ftesh fracture under 
water. 

* In some few days I collectsd in 4prouvettes, from a hund^ fractures, enough gas 
to proceed to analysis. The gas burnt with a scarcely visible flame ; it enloded 
violently if mixed with air. The analysis showed that it was almost purely hydrogen, 
with perhaps a few traces of acetylene. Are we to conclude that hydrogen and nit^ 
gen mseolved in the liquid metid, and prevented from escape by the eadden cooling 
caused by the ingot moulds, combine and form a true ammonium, NH\ in alloy with 
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the Iron ? I have not been able to determine the queetion for mysolf, mj attentiofn 
having been otherwise taken up, but I thought that the publication of my obeervaUoiui 
iHight be of intcveat to those who study tlie ^emical tdde of the manufacture of steel.’ — 
Let Mondit, 

Phosphorus in Iron and Steel. — Dr. Tbohas M. Dbowh, of Fliilsdelphia, has the 
following remarks on the removal of phosphorus from iron in the puddling furnace : — 

* The cumpiirutively large amount of phosphorus removed by the Dakks puddler is 
due primiirily to the intimate contact of tlie contents of the furnace with the oxide of 
iron of tlie lining and the abundance of basic slag, and, doubtless, also to the fact that 
the slag formed in the initial stage of the process is tapped oif Irafure boiling begins. 
It is a fact often overlooked tliat the elimination of phosphorus in the conversion of 
pig into wrought iron whether by puddling or the Bessbmbr process, depends first on 
the oxidation of phosphorus to phosphoric acid, and second on the retention of the 
phosphoric acid tlius formed in the cinder. The practical difficulty lies not in the 
oxidation of the phosphorus, but in retaining it in its new combination. To do this 
wo must have abundance of basic cinder. ^In the ordinary puddling process, as is 
well known, phosphorus may be very largely removed by the abundant use of oxide 
of iron. In baHics' furnace there is always a surplus of oxide of iron, the extract of 
which, with the products of oxidation of the pig metal, is so very intimate that a still 
more complete and thorough action might be expected. Whether any of the phos- 
phoric acid would be reduced at a high temperature, wore the cinder allowed to remain 
in the chamber during the entire process, is doubtful, although this procedure would 
probably entail a considerable waste of lining. 

*The BnssBiCER process is a notable example of the non-retention of phosphoric 
acid in the cinder. Here it is impossible to liave a basic cinder, as the lining of the 
converter is silicious. 

‘But not only is a high degree of basidity of cinder favourable to the retentior of 
the phosphoric acid, but the stronger bases are more active in this regard than the 
weaker ones. The energetic effect of the soda — formerly used in the form of nitrate in 
the Uargrbavbs and Hratoh process — has been well shown Lime has been used us 
A '* dephosphoriser ” in many forms, ns, for instance, chloride and fluoride of calcium. 
ScHKEiiKB lias lately proposed the use of a mixture of chloride of sodium and chloride 
of calcium. A great deal of va^ie theorising has been indulged in with reference to 
the action of those “ dephosphorisers,” the dissipation of the phosphorus in the form of 
some volatile combination being tlie favourite method of disposing of it. It is, how- 
ever, most probable that in those cases where basic substances have proven them- 
selves to bo of value, it is simply by the retention of the phosphoric acid in the cinder 
by the strong base. If this view is correct, and if the action of the Larks maehino 
is what we have supposed it to be, then wo may expect a still more favourable result 
in ‘‘ dephosphorising ” pig iron in the Danxs puddler, if we make the lining more 
active by the addition of alkalies or alkaline earths. 

* There can be no reasonable doubt that, with a lining composed of a mixture of 
iron ore and lime, and |)ossibly soda, the elimination of phosphorus would be nearly 
perfect. 

‘Mr. Snelus, whose researches on iron are well known, has been using with advan- 
tage a furnace lining of an intimate mixture of iron ore and lime.’ — J^nsaotiona of 
the American Inetitute of Mining Engineers^ vol. ii. May 1873 to February 1874. 

Phoaj^horwt and Su/phur ; ihevr Elimination from Iron. — Mr. W. W. Hhblkt read a 
paper, in December 1876, before the Mill and Forge Managers’ Association on thia 
subject. He contended that sulphur could only be eliminated by two processes, 
'puddling* and ‘physicking,’ or mixing some oxidising body with the iron. Mr. 
Hjflxunr's remarks deherve eiory attention : — 

‘ To secure the necessary puriflcAtiou intense heat was needed. In puddling by the 
old methods this was impossible ; and so lung as that method remained in ^’Ogue, 
physicking was a necessity, and sliould be resorted to. With new plants, such as the 
Lanxs or SiBMENS, this was unnecessary. Still, even with those systems, he thought 
that better results could be obtained if some ingredients should be introduced wmoh 
would cause a diemical reaction and displace the sulphur more quickly and more 
effectually. The process patented by Jamkb Hbhdbbson for “ making the purest stesl 
or wrought iron from the most inferior pig, and to thoroughly eliminate all sulphur, 
phosphorus, and silicon, has produced varied results.” The materials which HxsfDXB- 
soH used were : — 100 parts Itingwood magnetic and titaiiiferous ores and 40 parti of 
fluorspar. Mr Hbelxt said that it had been proved frequently that as tbs per- 
centage of manganese increased in pig iron so did the percen^e or sulphur decrease. 
For example— if, in blast-furnace work, to ore and coke, which in the ordinarj way 
would produce a pig containing from 2 to 3 per cent, of sulphur, Tnanganiferout ore 
should be added, so as to put 2 per cent, of manganese into the pig, the sulphur wolfid 
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be reduced to *06 or *08 per cent. ; but when 8 per cent of manganese was found in 
pig iron it never contninM more than h slight trace of sulphur. As to the amount of 
phosphoms in iron, Mr. 1. L. Bnix bad stated that 80,000 tons of phosphorus were 
annually sent away in the iron ot the Cleveland district alone. If this were converted 
into phosphoric acid it would be worth 250,000/. as manure. Remaining in the iron 
it depreciated ite imlue to the extent of 4,000|000/., as compared with Uie same 
amount of hematite iron. This estimate, referring to one district alone, showed how 
vast would be the saving in respect of the aggregate product of the United Kingdom. 
There was, therofore, a wide held for chemical ingenuity in endeavouring to discover 
a method whereby tlie phosphorus can be successfully eliminated from the pig iron 
and made into valuable manures. Fur the sake of discussion Mr. Hbklbt submitted 
the following prupobitioiis : — (1) Sulphur could only be eliminated by the processes 
iilroady known niid practised by the trade ; (2) those processus were puddling and 
])hyhickiTig ; (3) mechanical puddling was the only puddling that could thoroughly 
elli'CL the purpose ; (4) if with their present plants they could not effectually eliminate 
sulpiiur by puddling, ought they not to try to do so by physicking ? (6) would it be 
desirable tliat their employers should pay a little more attention to the composition 
ot pig iron they wore called upon to uso, and lot them have an analysis of the pigs, so 
tluit they might have sure data to work u}m)u; and (lastly) did they, as managers, 
pay suiheient attention to those matters, or were they quietly permitting their trade 
to drift into other channels, as some asserted, or was it that other places nod greater 
natural facilities and advantages ? ' 

Steel, Phoajphorua in. — l)r. IIossiter W. Kaymond, as President of the Institute of 
Mining Engineers, in his address at Bt. Louis, referred to the law, said to have been 
discovered at tliu French works of Torrenoire, that the amount of phosphorus may be 
increased without injury to steel the amount oj carbon he proportionately decriabed. 
The works named have been ior more than a year manufacturing in the open hearth, 
by the Mautin process, steel rails containing as high ns 0*35 per cent, of phosphorus, 
with about 0T5 per cent, of carbon, which were not found inferior to Bksseicbr rails. 
It IS not claimed by the manager of the works that phosphorus is an ingi'edient to be 
pteforred, or purposely introduced , but only that matenals containing it (such as old 
iron rails, &c.,) can be successfully employed. Other parties have apparently a 
liighcr opinion still of the new manipulation, and are propired to claim for 'phos- 
phorus steel ’ superior qualities. 

After pointing out that the commercial value of the process turned on the cheap 
manufacture of ferro-manganeso, by moans of which only could the necessary amount 
of manganese be introduced into the Martin bath without increasing ita contents of 
carbon, Dr. Raymond proceeded to say that tlio principle alleged to have been dis- 
covered at Terrenoire was already known years ago in America. Not only had steel 
been manufactured containing high percentages of phosphorus, coupled with low per' 
contages of oarbon, and suitable for use m rails, boiler-plates, &;c., but the reason of 
Its surprising qualities had been distinctly surmised if not widely proclaimed. 

On tliis subject Mr. J. Bi odqhtt Britton, Philadelphia, writes:— '1 have examined 
a number of irons and mild stools (have frequently been puzzled to tell the difference), 
but in most cases the samples came without any collateral information, unless verbal, 
or ill a form 1 cannot now quote. 1 made quite an extended oxamfhation of some of 
the Welsh rails that were first laid in this country. Some of thorn were in use *28 to 
30 years, and when taken up were worked into uxlcs and bridge rods, because of their 
remarkable toughness and strength ; they contiined from 0 204 to ()’385 per ceut. of 

« orus and about as much silicon. It was long ago asserted by Karstkn that 
n might contain as much as 0'60 per cent, of phosplioriis before showing cold 
short qualities, and up to 0’30 per ceut. the only effect was to give hardness without 
affecting tenacity. But unfortunately he did nut add how much carbon might be 
present, which was an important omission. 

' Phosphorus everts a marked influence upon the metal when associated with carbon ; 
the more carbon the greater relatively the inffiirnce causing brittleness and frangi- 
bility at ordinary temperatures when in tlie slightest excess. The substance is Dearly 
always present. If not relatively in excess it does not appear to be hurtful. Thus 1 
have found 0*30 per cent, of phosphorus with 0 00 per cent, of carbon, and 0*08 per 
cent, of phosphorus with 0*20 per cent, of carbon, and in metals that wore claimed to 
bo very good.* 

Mr. A. T. Hewitt writes ' There is one other matter of equal importance. It 
seems to be settled that heads of rails wear better if the irrm contains phosphorus, 
but is otherwise pure, that is, free from sulphur, and puddled so that there is no 
carbon left in the puddled ball. This is the key to the good iron rails made in Wales 
and In Westphalia. Heads that are to be mnclo IisnI with carbon (puddled steel) 
should be free ftom phosphorus, and heails that are to be made liard by phosphorus 
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malt contain no carbon or sulphur (in order to insure welding) and no silica (in order 
to insure sufficient tenacity). At Dowlais, if there is the slightest trace of carbon in 
the flame of the puddled ball it is sent back to tlie furnace, but the pig used is ex- 
pressly made from ore containing phosphorus. In other words, it has bMn ascertained 
that iron containing phosphorus, but free from other imparities, is good for tosof and 
next best thing for heads of rails to steel.’ 

Magnetism of Rails. — The following conditions appear to have been recently proved 
by the chief engineer of the railways in Hungary: — 

1. Bails taken up after a number of years’ use have a very feeble magnetic action ; 
a steel rail having a section of 44 square centimetres (1 square inch is equal to 6*461 
square centimetres) is, however, scarcely as powerful as a bar of steel, magnetised to 
saturation, of only half a square centimetre. Steel rails become much more mag- 
netic than iron roils. 

2. Thai rails in position are equally magnetic. 

8. That mils placed in piles by the side of the road preserve their magnetism for 
some months, especially those of Bbbsemeb Istoel. 

4. That when a rail is broken the surface of the fracture presents opposite 
polarities. 

6. That new rails placed in piles in the direction of the meridian become feebly 
magnetic, especially those of steel, which under the influence of blows from a hammer 
will become permanently magnetic. — M. Hbuzoo, quoted by the late David Foeubs, 
in the Journal of the Iron and Steel Institute. 

Notes bt Editob. — 1. The magnetic action in rails will depend entirely upon the 
direction in relation to the magnetic meridian in which they wore placed. Steel 
naturally receives and retains magnetism more readily than iron. 

2. This requires confirmation. 1 believe it will be found that a rail which hasuliecn 
placed N. and S. will become more magnetic than one placed E. and W. 

6. Any piece of iron placed in the direction of the meridian and of the dip of the 
needle becomes magnetic when set in vibration bv a blow of any kind. Steel of 
course retains its magnetism. Iron parts with it rather slowly. 

STfl Kb lULXliB. The following tables on the Determination of Percentage of 
Iron in Steel Rails ore of much importance 


Iron pnr Cent., weighed as Fe*0*, after 
deducting Blllca and Fhoephorio Acid 

Iron per Cent, from 
Ass^ of Fe'O", by 
Btanoard Solution of 

Total of Analysis 

09*685 

99*606 

100*806 

99*468 

09 408 

100*311 

99*847 

99*637 

100*422 

99*267 • 

99*249 

100*488 

99*176 

99*2?3 

100*426 

99*762 

00*682 

100*489 

99*896 

99*476 

100*200 

99*461 

90*618 

100*460 

90*636 

99-282 

100*443 ' 

99*297 

90*066 

100*468 

99*870 

99*844 

100*666 

99*201 

99*067 

100*649 

09*164 

98*799 • 

100*490 

99*689 

99*667 

100689 

99*946 

99*906 

100 786 

100*008 

99*817 

100*660 

100*100 

99*718 

100*628 

00*681 

99*462 

100*668 

00*719 

99*827 

100*299 

99*617 

99*607 

100*508 

09*249 

99 260 

100*678 

99*616 

99*476 

100*688 

09*629 

99*626 

100*604 

00 687 

99*269 

100*489 

09*682 

09687 

100*689 

08 806 

08*006 

100*771 

99*711 

09*620 

100*417 

99*884 

99*766 

100*660 

99*669 

99*612 

100 694 
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ben par Oeni, weighed as feW^, after 
deduotliiff filUoa and Phosphorio Aotd 

Iron par Gent, from 
Amy of IW, by 
Standard Solutlcni of 

Total of Analyeta 


90-820 

99-400 

100-624 


99 210 

00-247 

100-641 


90-318 

00-356 

100 666 


99-670 

99-480 

100-636 


99-399 

99-392 

100 674 


00-706 

99-606 

100-866 


09*1 18 

99 241 

100 842 


98-702 

98-826 

100-669 


08 092 

08 062 

100 642 


08-429 

98 624 

100-331 


98-007 

98-564 

100-294 


99-682 

99.280 

100-449 


99-022 

00 146 

100-488 


00 627 

00 609 

100-664 


00-403 

99 043 

100-338 


98-8H2 

08 782 

100 425 


09-(l80 

99-219 

100-645 


09-142 

98-964 

100-450 


09-334 

99-199 

100-636 


99 414 

99 271 

100-495 


09 270 

99 058 

100-332 


99-094 

90 036 

100-338 


98-627 

98*779 

100-390 


90-187 

09-080 

100 366 


90 030 1 

98-081 

100 468 

Soft metal • 

100 269 

100 201 

100-674 

If • 

100-207 

100-154 

100-281 

• 

90 844 

00-801 

100-286 

Mean . 

Mean difTorence 

6,660 884 

00-419 

6,662-768 

99 346 
'073 

6,729-480 

100-617 


On the Eetimation of Manganese in SptegeMsen, aikd of Iron in Manganiferoue 
iron OreSf bj Euwabd RiZiHT, F.C.S. 

■TBB& nirXB, OOMPBBMBBf/or Ouns, ^o. See Abtillebt, toI. i. p. 228 ; 
Fibs Asms, toI. ii. p. 876 ; and Stbhl, toI. iii. p. 900 to 010. Sir Jobbpu Whitwobth 
has always contended that steel when made of the best materials, and obtained sound, 
with the relatiTe degree of ductility and strength required, is the best material fbr 
guns. 

In order to obtain steel of the requisite ductility and of a structure which can be 
depended on for being absolutely sound, extreme pressure must be applied to the 
metal when in the fluid state. 

Sir Joseph Whitworth thus sums up the defects of steel. * When highly carburised 
steel (su<^ os tool steel) is cas^ in small ineots, and the air and gases escape rapidly 
by what is termed piping, about three-fourths of the length of the ingot will be sound 
and free from air-cells. If an attempt be made to cast a yerv large ingot of highly 
carburised steel, the lower portion may appear sounds as in the smaller ingot, but a 
new defect and difficulty arises from the fact that the material may crack and destroy 
Itself in the act of cooling. The outside of the injrot sets first, and the inside is 
therefore exposed to a great strain while cooling. The strain may cause some part 
to crock or become unsound by reason of the hard unyielding character of the 
material.' 

A member of the firm of Joseph Whitwobth and Co., Limited, writes : ' I should be 
din>os^ to advance another explanation than this. In cooling, the outside sets first, 
and with comparative rapidity, relatively to the inner fluid portion of the ingot, conse- 
quently th<m is an outer skin of metal formed, the tension of which is very neat, 
^ile the inner portions, cooling more slowly, assume a semi-ciystalline conmtion. 
^e natural tendenqr of such unequal portions will be to produce exactly the eondi- 
tmns represented in some of the sectional drawings of cast ingots given in Gwu and 
Steel, by Sir Josbph Whitwobth. 
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When guns of tbo ordinary weight are made of highly carlmriaed ateel, there can 
be no quealion but that the material is so strong, that it will, if sotnuf, completely 
master the gunpowder. There remains, however, this danger of cracking and 
nnsoundoess in cooling which can never be entirely got rid of, and it must also be 
borne in mind that the matenal is hard and unyielding, and gives no notice before 
bursting. It is imposHiblo, therefore, to manufacture a large gun of highly carburised 
steel, which can be relied on as being absolutely sound. The result of the breidting 
up of a gun made ot hard steel would be torrillc. Such accidents have happened, ana 
hard steel guns are unsafe. Tiie safeguard consists in employing steel possessing a 
higher ductility than tool steel. The material is not so strong, but the danger of 
breaking up is entirely overcome when the steel is free from air-cells.' 


* To obviate the objections named Sir Joseph Wuitwouth employs fluid compres- 
sion, which it is necessary now to describe : — 

* The melted steel may be obtained from the crucible, from the Bessemer converter, 
or by the Bibhbks- Martin process (see Sfrel, vol. iii. p. 908), and pressure is 
applied to the fluid metal so melted as quiclply as possible after it leaves the furnace. 

The mould box for fluid cornpros- 
Sion, shown in figs. 2888 and 2889, 

I htis an outer boup of stool, a a, of 

the necessary thickness to with- 
stand the pressure The inside of 
this hoop IS lined with a lajer of 
cast-iron lags, iin, from the front 
A. to the back of which are a number 

of grooves or channels, by which 
the gases can reach the outer face 
of the lags, between them nn^ the 
inside of the steel box , while com- 
municating with these transverse 
channels are made a number of 
vertical or longitudinal channels, 
which opun to the atmosphere at 
II, at the top and bottom of the 
mould, and from which the escaping 
gases continue to burn for some 
time, when the pressure is applied 
to the fluid metal, ss. The inside 
of the mould is finally lined with 
a layer of refractory sand, which, 
while protecting the cast-iron lags 
from fusion *by the heat of the 
melted steel, also permits of the 
gases being driven through it by 
the pressure to the back of the lags, 
and so to the atmosphere. The core 
'/'//// IB built up simiUrly to the mould. 
— Dr. Tyndall thus describes the 

process witnessed by him: — ‘A 
large ladle was at hand, and into 
this was poured the molten metal 
from a number of cnicibles. From 
the ladle again the metal was poured 
into the annular space just referred 
to, filling it to the l^m. Down 
upon the molten mass descended 
the plunger of a hydraulic press. 
On first entering it a shower of the 
molten metal was scattered on all 
sides, but inasmuch as the distance 
2339 between the annular plunger and 

the core on the one side, and the 



eheath on the other, was only about 1-1 0th of an inch, the fluid metal was imme- 
diately chilled and solidified. Thus entrapped, it was subjected to pressure which 
amounted eventually to about 6 tons per sq. in. Doubtless gasee were heTe dis- 
solved in the fluid mass, and doubtless also they were mechanically entangled iC » 
as bubbles. I figure to myself the fluid metal as an assembli^e of molecules With 
the intcnnolecular spaces in communication with the air outside. Through these 
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ppncea 1 believe the carbonic oxide and the air to have been forced, finding their 
pMHpe through the porous core on the one side and through the porous sheath on the 
other. From both core and sheath issued copious streams of gas, mainly it would 
seem in the condition of carbonic oxide fiame. A considerable shortening of the 
fiuid cylinder was the consequence of this expulsion of gases from its interior. 'J'iie 
proNBure was coutinned long after the gases had ceased to be ejectt^ ; for otherwise 
the contraction of the motal on cooling might subject it to iniurious internal strains. 
In fact, castings have been known to be rent asunder by this coutruetion. By the 
cuutiniiance of the external pressure, every internal strain is at once responded to 
and satisfied, and the metal is kept compact.' 

‘The steel castings are forged by cither the steam hummer, the rolls, or the 
hydraulic press, or u combination of these ; but for largo torgings getieuilly there is 
a great superiority in the work produced by the hydraulic forging press. For the 
stroke of the press is that of n continuous pressure, and it is ofibi'tive right through 
the mass of metal ; whereas the blow of the steam hummer is largely expended 
within a short distance of the surface, while the centre of the work is for a certain 
pTiod comparatively unacted upon, and therefore the different parts of the motal of 
the forging produced under the hummer exist in very different molecular conditions. 
'J'his is n<it the case when the forging process is cm ployed. 

‘The following table gives the tensile strength and the ductility of the different 
quiilities of steel, while Table 11. shows the results of expcnments made with guns of 
(iiffereut kinds of metal : — 

Tadlk I. — Fluid Comprbsskd Stbel. 


I'emile Strength and Ductility of Different Qualities, 


Arbltrory 
dlktinguishlng 
Colours 
for Uruui)H 

Tensile 
RtrongtU, 
I’ons 
persq in 

Ductility, 
or iicr- 
cent^e of 
li.l<)ngution 

Furposes for which the Steel la available 

Run 

No. 1 

No. 2 

No. 3 

Tons 

40 

Per ovnt. 

32 

Axles, boilers, connecting-rods, crossheads, 
crank pins, hydraulic cylinders, locomotive 
and marine cranks, propeller shafts, rivets, 
railway tyres, guide screws, gun furniture, 
gun barrels, air vessels for torp^oes, carrisges 
for field and naval ordnance. 





Cylinder linings for marine engines, slide- 
bars lor locomotives, shafting, couplings, lathe 
mandrils, drilling-machine spindles, eccentric 
shafts for punchinj^ and shearing machines, 
pillars for hydraulic presses, large swages, 
pressure-blocks for riveting machines, ham- 
mers, hoops and trunnions fur ordnance. 

Bbown 

No. 1 

No. 2 

No. 3 

68 

17 

Ijarge planing and lathe tools, large sheers, 
drills, smiths' punches and dies and sets, 
small swages, cold chisels, screw tools, corn- 
mill rollers, armour-piercing shells. 

YaLLo-w 

No. 1 

No. 2 

No. 8 

G8 

10 

Boring tools, finishing tools fur planing and 
turning. 

Special Alloy 
with Tungsten 

72 

14 

For particular purposes. 


* In eaeh group No. 1 represents the most ductile metal, and No. 3 the least ductilo. 
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Tablb II. 


TuHiiff of Experimmlal Cylmders hy Explosion of Qwnpovdw^ shuming the Om^ 
pa^tive Strength qf diffemU Metals and of thsif Combinations as used in 
different Systems of Owns, 


IMP! 

Dewniption of Cjllndera. 

Baoh 1} in. diameter, | In. bora, 4 in. length. 

Oeet Iron, Wrought Iron, Fluid Oompreiiaed bteel 

Charges of 
Powder 

Expansion 

in 

Dhunotor 

before 

Bursting 

No. of 
Pieces 
when 
Burst 

No. 

1 

Oaet Iron 

Q rains 

15 


No. 

36 

2 


05 


5 

B 

Fluid Compressed Steel, No. 3 Bed 

276 

0 1659 

2 

B 

Fluid Compressed Steel, No. 3 Brown ' 

325 

0*0950 

4 


Woolwicht Conversion of Cast-iron Guns. 
Cast Iron, outside tube 0*1840 in. thick 

Wrought Iron, inside „ 0 0660 „ 

30 


C 14 

W 1» 

6 

Fabson’s construction. 

Oast Iron, outside tube 0 1442 in. thick 

F No. 2 YolloWiMuside „ 0*1058 „ 

80 

0*0009 

O 132 

F 

B 

French construction. 

F No. 2 Yellow,' outside tube 0*0900 in. thick 
Oast Iron, inside „ 0 1600 „ 

90 

0*0020 

F 20 

0 71 

8 

Woolwich present construction. 
Wrought Iron, outside tube 0*2083 in. thick 
F No. 2 Red,' inside „ 0*0417 „ 

140 

0*3080 

W7 

F 1* 


Mr. J. Ramsbottom makes the following remarks in relation to the difference 
between iron and steel : He quite agrees in thinking the time has arrived when it is 
necessHiy to abandon the idea of drawing any definite line of demarcation between what 
was iron and what was steel. The distinction between the two had gradually f^ed 
away, and the materials denoted by such common expressions as a steely iron and a 
very mild steel, came so dose together that he believed it would be very difficult for the 
most practical man always to say of a ^iece of metal whether it were iron or steel. It 
would therefore be a matter of convenience if the qualities of the different kinds of 
metd were expressed in definite language, in terms of the tensile strength and the 

S ower of elongation before fracture. Whether, when this was done, any such line of 
emarcation as had been suggested in the paper should be assumed for convenience, 
was an open question ; but in ordering a material it wonld be a great convenience to 
be able to define exactly the character of ^e metal required in any particular case, 
because it was known how widely this varied at present under circumstances which 
seemed to be similar. 

With re^rd to forgings of steel, whether compressed or otherwise, he had long 
been of opinion that it was difficult to have any steam hammer heavy enough for 
dealing with them. A blacksmith in drawing out a nail used a hammer very much 
heavier in proportion to the work than any of the steam hammers generally used tor 
^dealing with large forgings, the largest hammers being insignificantly small in relar 
tion to the work they mo to do. There could be no doubt that the ed^ of compres- 
sion by a hydraulic press was equivalent to that resulting from the blows given cy a 
hammer of very greatly increased weight ; under a continuous heavy pressure the 
inertia of the mass operated on was overcome, but that was not the case undtf the 
action of an ordinary hammer, because there was always some time occupied in the 
transmission of a blow to the interior of the mass, and the outside beoune more 

* Zbr explaeatlon of those qualities of metal see Table I. 

■ The wrought>iron tube In Mo. 0 end the iteel tube In Mo. 8 opened out in a single piece In 
Imretlng. 
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'worked than the interior. — Excerpt Minutu qf Proceedings of the Meeting of the 
In^tUnie of Meehamoal Engineers m Manchester^ July 28. 1875. 

Sir J. Wbitwobth remarked at the same meeting that, when the prosaure of 6 tona 
per aq. in. waa applied to the fluid metal in the mould, a column of fluid metal of 8 ft. 
in height waa rj^uced 1 ft. in lesa than five minutes. No doubt there was a great deal 
of gas expell^ during the compression, but he believed nine-tenths of it was common 
air; there was a |>ortion of other gas mixed with the air, because it was burning 
while the pressure was on, but the greater portion he considered must bo common air. 

It had been pointed out that in casting ingots of steel in the ordinary way the 
metal was sometimes sound and sometimes not sound. His own experience had been 
that steel castings possessing 25, 30, or 36 per cent, of ductility or power of elonga- 
tion, when pulled asunder, were never found to be sound ; with 10 or 16 per cent, of 
ductility an ingot might be sound through 3-4thB or 7-8ths of its length from the 
l>ottom end ; but ho had never got it sound when the ductility was higher. The 
grout value of a metal lay in its tensile strength and ductility combined. The best 
metal fur guns, torpedoes, and boilers was tliat which had a tensile stren^h of 
40 tons per sq. in., and had also 30 per cent, of ductility. The effect of this was 
th.tt when it was burst it simply opened out, and therefore there was no danger. 
There was never much more than 30 per cent, of ductility in the compressed steel ; in 
Low Moor iron 40 por cent waa obtained, which was about the limit practicable. It 
was impossible to get both higli tonsilo strength and high ductility, because as one 
was gained the other was lost. In tlio case of the metal having a tensile strength of 
40 tons per sq. in., and 30 per cent, of ductility, these two figures together amounted 
to a total of 70; and it was a great achievement to get so high a total divided in 
such nearly equal amounts betwoou the two qualities of tensile strength and ductility. 

On first commencing the maiiuf.u‘ture of fiuid compressed steel, in order to prevent 
confusion as to the different qualities of metal, he had called the softest metal red 
metal, the next in hardness blue, the next brown, and the next yellow ; and each 
colour was subdivided into tlireo numbers (see Table I.). No. 2 Red had a tensile 
strength of 40 tons per sq. in. and 32 por cent, of ductility, the sum of these two 
figures amounting to 72. No. 2 Blue had 48 tons strongili and 24 per cent, of 
ductility, giving the sumo total of 72. Perhaps No. 3 Blue or No. 1 Brown would be 
tile right material for a sword blade, possessing high strength and fair ductility also. 
No. 1 Brown, having 60 tons tensile strength, was the material of the long shot 
exhibited, which had gone llirough the 4^ in. armour plate. No. 2 Brown had 68 
tons strength and 17 per cent, of ductility, the two figures amounting to 76, which 
was a higher total than was obtained, except occasionally, from a very ductilo 
material. Again, the group of metal denoted by Yellow, which was suitable for tools 
fur boring and turning, had 68 tons tensile strength, but only 10 por cent, of ductility, 
the total being 78. It would be a grand thing if with the 68 tons strength 20 per 
cent, of ductility could be got, bce^iuse such a metal would be tough as well as hard. 
A special alloy of this Yellow steel with tungsten gave 72 tons tensile strength and 
14 per cent, of ductility, mnking 86 total. It was tensile strength and power of 
elongation properly combined which gave value to the niotitl ; anil as there did not 
seem to be the means of getting more than about 30 per cent, of ductility, whereas 
the tensile strength could bo increased through an extensive range, the important 
object to be aimed at was to preserve the 30 per cent, of ductility and to got with it 
as high a tensile strength os possible, os that could never bo too great. 

The remarks made on this fluid compressed steel by Mr. C. W. Siemens are so 
important, and seem to explain so fully the peculiar character of the compressed 
metal, that it appears nccossary to give them a p'ace in this article : —In the plan 
now carried out, the steel after it had been produced was dealt with under a method 
entirely different from those before adopted, being hero compressed while in a fluid 
or semi-fluid state. He had at first felt considerable doubt as to the effect of the new 
method. It was said that in applying hydraulic pressure upon fluid steel, the gases 
contained in the fluid metal would be driven out; but he could not see how that was 
to be done by mere pressure. For in applying pressure to a fluid, the pressure acted 
in all directions equally ; and why a particle of gas held in suspension in the fluid 
should TO in one direction rather than another, and should get away from the pressure 
to which it was subjected, it seemed difficult to conceive. The facts, however, spoke 
for themselves ; and these being ascertained, it was more ea^ to find an expiation 
ol what took place. The result he suggested might be accounted for by the circum- 
stance that the fluid steel congealing first on the outside of the mould offered more 
resistance there to the m< tion of the plunger, and the outside thus became compani- 
tively speaking porous, while the fluid portion in the centre received a larger amount 
of compression than the outside, which had more power of resisting the preseure. 
The particles of gas entangled within the fluid mass would therefore encounter rathof 
Vot. TV. II 
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less lesistanoo towards the outside than towards the insids, the full hydmulio 
pressure being transmitted to the centre of the fluid mass. In that waj^e expulsion 
of the gases from the fluid met^ might perhaps be accounted for. The fla6t being 
admitt^, it was clear that the steel produced by that mode of treatment must possess 
many great advantages over metal treated in the ordinary way by hammering ; for 
it was hardly to be supposed Uiat hammering would be capable of driving out the 
gases. 

With regard to the mode in which these gases entered the metal, he did not think 
they were merely entrapped mechanically at the time of pouring out the metal into 
the mould ; because in working melted steel in the open hearth of a regenerative 
furnace he hud found that the metal could be made at any moment to evolve gases in 
groat quantities by simply plunging a cold bar of iron to the bottom of the fluid mass. 
The fluid metal evidently absorbed carbonic oxide to a very great extent ; and it was 
due to the partial congelation of the metal that the gases were suddenly set free. 
Similarly in the IIsssumku process a great ebullition took place on pouring the fluid 
metal out of the converting vessel into the jron moulds, and the top of the moulds 
luul to be closed by a stopper to prevent the metal being thrown out by the ebullition. 
It was clear therefore that the metal contained a large quantity of gas occluded 
within itself ; and if this was retained in the metal it became a source of weakness. 
However small tlie bubbles of gas might bo, their presence would have the same 
effect as the presence of particles of foreign matter between the particles of metal, and 
must necessarily weaken it. 

Ill reiorenco to the proposal to designate as steel any metal bearing a tensile strain 
of 28 tons per sq. in., he thought it would be wise on the whole to fix a limit of 
Htrerigth, but some further limitation seemed also to bo needed. For instance, a 
metal produced in the puddling furniu'e, with or witfiout being converted into sjE^eel 
by the ordinary cementation process of making blister steel and shear steel, w^ld 
have the required amount of tensile strength, and would therefore pass as a steel. But 
ho considered a broad distinction should always be made between steel which had 
passed through the fluid condition and that produced by other processes, because the 
latter was deficient in one essential quality which was always sought for, namely 
uniformity of strength. He would therefore willingly accept the suggested definition 
of steel and iron according to tensile strength and ductility, if it wore confined to 
mntjil that had passed through the fluid condition. 

Stbbl, CuBoifB. — The process of the manufacture of steel with chromium instead of 
carbon is of interest. In a general way steel is understood to be a combination of 
iron with carbon, the percenbige of the latter constituent varying according to the 
character of steel desired. Of course the quality is also more or less affected by the 
process of tempering and other causes, but after ages of practical experimenting, carbon 
steel is far from perfection, unless the celebrated Damascus blades, made in Persia, 
Syria, and kindred countries, be carbon steel, which does not appear certain, for the 
process of their manufacture bos been thus far kept a profound secret, though great 
efforts have been made to ascertain the method and materials employed. But, setting 
that aside, and looking only at the skill, money, and labour devoted for hundreds of 
ytuirs in England and other European countries to the manufacture of stool, and the 
efforts in Franco to produce a perfect imitation of tho Damascus blade without avail, 
it may be sufelv assumed that, with carbon as a constituent, man can go no farther in 
steel making than he has already gone. To this conclusion both the practical and 
scientific world appears lon^ since to have come, and attention has, in consequence, 
boon much devoted to exjMnmonts in steel making with other substances as a sub- 
stitute for the carbon. Carbon is not a motal, ana the combination with iron in the 
shape of steel can hardly be called an alloy in the ordinary sense of the word. And 
it was probably with the idea suggested by this fact that experiments with iridium, 
chromium, and other metals were undertaken, and in one case, at least, that of chro- 
mium, rendered successful. 

The Chhohe Steel Coicpakt claims, among other excellences of its process, that 
it can produce grade for grade, and with perfect certainty, a quality of steel un- 
equallea in teuacity. The ^loys of iron and chromium are infinite, so that the guess 
work of the skilled artisan in the carbon process is not necessary. In the latter tlie 
workman ascertains by the look of the iron the amount of the carbonisation, but in 
chrome steel such a mode of ascertaining the combination is superseded by weighing. 

Another point is that chrome is the only metal which will weld perfectly to iron 
under the rolls. And, again, chrome steel can be worked in large masses without 
any injury by overheating, which is not tho ease with carbon steel, which, under long' 
continued heat, cliauges its character, or, as it is technically called, ' bums.* Obro- 
miinn can only be separated from iron, after the alloy has once been made, by chemical 
analysis. Doth .ir<< niotals, and it requires a much higher temperature to melt chro- 
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nimn thAn iron. yeij little, if any, affinity for oxygen, and chrome ttoeli 

cannot be burnt by heating like a carbon eteel. The chrome steel comoa trom the 
furnace and the rule with a much smoother surface and texture than carbon steel. 
The tensile strength of the combination is much greater than that of carbon steel. 

Experiments made with the chrome steel by ^e celebrated civil engineer, David 
K 1 BXA 1 .DY, show that the maximum tensile strength of a ^inch bar, squared, ham 
mered, ana 5 inches in length, is equal to over 167.000 lb., and the lowest 110,000 lb. 
per square inch. 

Other experiments with l]*inoh bars gave, as the highest tensile strength of chrome 
steel, 199,000 lb., and the lowest 164,000 lb., while the highest of carbon steel is 
about 133,000 lb. per square inch. The process used by the Ohboms 9tbbl Compamt 
is that inve nted by Mr. C. P. Hauohian. — T%e Iron Jm. 

noir AMU 0TaU— Spkctbum Analysis apjfited to Iron MawiJ'acture, — In 
tile article on Stbhl (vol. iii. p. 907), a short description of the application of spectrum 
analysis to the Bbssembr process of making steel has been given. (See also Sphctbuk 
Analysis, vol. iii. p. 867.) This process has now assnmod such a position that some- 
thing more in detail appears necessary to guide the metallurgist in his application of 
the spectroscope to assist him in analysing the flame issuing from the Bbsbbmbb con- 
verter, and for other purposes. 

Professor Eosgob, on March 27, 1871, delivered a lecture before the members of 
the Iron and Stool Institute, which was in many respects an admirable description of 
the application of spectrum analysis to the use of the metallurgists. It is, however, 
to be regretted that Professor IIoscoe has committed himself to some statements, 
respecting the character of tlio solar spectrum, which will not be found, I believe, to 
agree with careful observations of all the phenomena exhibited by that very beautiful 
chromatic band produced by the prism. Having accepted the undulating hypothesis 
as truly explaining the conditions of the solnr variations, he has allowed himself to 
be misled as to the actual conditions observable in the distribution of light, heat, and 
aclinism (chemical powers) in the bunding of coloured rays. It is tliorefore necessary, 
as this lecture of Professor Eoscok, publtshod in the Journal of the Iron and Slid 
Institute (vol. ii. 1871). has deservedly attracted much attention, that a more careful 
examination of the solar spectrum should precede the description of its application to 
an examination of the flames issuing from a Bbssembr converter. Professor Eobcoib 
says • — 

* If we study the character and properties of light in the various parts of the solar 
spectrum we And lliat the different portions of the coloured band possess very different 
properties. The heating rays — those rays which produce the effect we term heat — are 
si luiited almost altogether at the rod end, and e\eii beyond the red portion of the 
spectrum, so that the maximum of the heating effect in the solar spectrum is situated 
in the red rays. The maximum of the luminous effect is, however, situated in the 
yellow, whilst the heating rays graduully diminish in intensity as we pass to the more 
refrangible end, until they sink into almost an inappreciable quantity in the blue. 
But as we pass along from the rod through the orange and green to blue, we And 
that the rays assume a different character ; that is to suy, they are capable of pro- 
ducing a different kind of action, or of doing a different kind ^f work, for when 
we come into the blue rays we And we have light capable of producing chemical 
action. 

* These facts have been known for many years, and it has been customary to divide 
the solar rays into the heating, the luminous, and the chemically active rays, because 
it has been believed that there was a difference in kind between those three different 
sets of rays, so that it was thought that in a partiLulor portion of the spectrum wo 
pould separate out the heating rays from the light-giving rays, and these again from 
the chemically active ones. Such, however, is not the case ; we really have no more 
power of serarating the light-giving portions of a blue ray from its chemically-active 
radiations of splitting up a green ray into a yellow one and a blue one, which it 
is impossible to do. These various rays differ simply in wave length and in power of 
refrangibility.' 

It is not a little curious to And this czcollent chemist, immediately after this, 
giving two experiments, in one of which he distinctly admits that he|oparates the 
heat from the light, and in the other, that the ' chemically ‘•active rays will he filtered 
off from the bulb by the red ylaee.’ In his Spectrum Analysis (Macmillan and Co., 
1869) Professor Boscob makes the same statement. It is therefore essentially ne- 
cessary to correct this, which can be done in a very few words. 

All the rays conveying to the eye the sensation of colour are luminous rays ; 
these are : — 

1. The Exirenu Bed Bay^ rendered visiblo by looking at the spectrum through a 

11 2 
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piece of cobalt blue gLins, as was first shown by Sir Johiv HsiteciaL. Thie ray exist! 
below the ordinary rod ray of the prismatic image. 

2. Th» Red Ray. 

3. Ths Oraiige Ray, 

■ 4. Th/e Yellow Kay, 

6 . The Qreen Kay, 

6 . The Blue Kay. 

7. The Indigo ^iay. 

8. The Violet Kay. 

9. The Grey or Lavender Ray, which is seen when the spectrum is thrown upon paper 
dyed yellow with turmeric. This rny was also first observed by Sir John Hbrschkl. 

1 0. The Fluoreacent Knya, which are rendered sonsilile to the human eye by throwing 
the solar rays upon a sulutiun of sulphate of quinine or a decoction of the inner bark 
of the horse clie^itnul tree, or on a cry.sfal of fluorspar or on a piece of uranium glass. 
These restilts were first fully examined by Professor Stokhs, consequently we have 
to deal with an extension of the luminous rays, or light, beyond the limits assigned to 
them by N kwton. 

The light, therefore, of the spectrum extends from the limits of the extreme red ray 
to the extension boyoud the violet ray, which are marked by those rays which affect the 
human eye with a sensrition of light only when caught upon certain peculiar media , 
the maximum of luminous power being in the yellow ray. 

ffeat. — Sir William Hkrschkl was the first to determine with accuracy the dis- 
tribution of the heating power of the spectrum, and Sir Hknry Enolicfikld, adopting 
additional precautions against any source of error, found that the thermometer Avns 
affected in the order following in the different rays, beginning at the most refrangible 
end of the spectrum : — ^ 


In the Blue Kays 
„ Green Raya 
„ Yellow Kays 
„ J!\dl Red Raya . 

„ Copjinea of Red Kays . 
Out of visible light 


it rose in 3' from 66° to 66° or 1° 


3' „ 64° ., 68° „ 4° 
3' „ 56° „ 02° „ 6" 



Sir John Hbrschrl, by throwing the spectrum upon pieces of blackoued bibulous 
paper washed with other, has traced, by their evaporative power, the action of tho 
beat rays still further into tho most refrangible rays — i.e. to the extremity of tho 
violet, and to a dislauco below the visible rays of least refrangibility, fir greater than 
had been hitherto suspected. 

Acliniem . — The Chemical Raya, — If tho prismatic is thrown upon a piece of paper 
coated with tho chloride of silver, it will be found that a change — a decomposition of 
the chloride of silver indicated by darkening — will commence in the midillo of the hlue 
ray, and rapidly go on over the indigo and the violet rays, extending far beyond the 
violet, over the lavender, and tho space occupied by the fluorescent rays. While this 
is going on it will bo found that evidences of chemical action are manifested in (he red 
ray. Upon papers prepared with the bromide oi silver tho chemical action is gradu- 
aliy set up over the whole of the spectrum, from the lower red to the extreme of the 
ultra-spectral rays boyoud the violet, excepting only a small portion of the yellow 
rays, the maximum of luminous intensity. 

There are three distinct classes of phenomena evident in the spectrum ; — 

X^A^.-^The rays producing colour, and to which all luminous phenomena belong. 

Heat. — Tho rays producing tho sensatiou of heat and all calorific phenomena. 

Actiniem. — ^Tho rays which are active in producing chemical cnange, and upon 
which all the phenomena of photography depend. 

These can be separated one from the other, and the effects of each exhibited without 
the interference of the other’s forces. 

By a pure yellow medium, as a glass stained throughout with a salt of silver, the 
light can be filtered from tho chemical rays. 

By a dark cobalt blue glass nearly all the light rays can be stopped, and the chemical 
rays allowedjto pass and do their work of chemical chanm freely. 

By a piece of black mica — a solution of iodine in disulphide of carbon-^all the 
light and the chemical power can be interrupted, and as Dr. Tyndall and Professor 
Boscob has shown, heat manifested in all its power. 

The real explanation appears be that ^e prismatic image of the sun consists 
of light, which extends from the lowest visible red to the end of the occasionally 
visible fluorescent rays ; of heat, extending from a space where no light has yet been 
detected beyond the extreme reA having its maximum of power at the lowest edgs of 
the ordinary red, and fading gradually until it is lost in the violet ; and of aeUntem, 
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which hiM itfl ordinivrj maximnm in tlie violet niye, oxtemling witli great power over 
tlio space covered by the iluoreticent rays ; and in the other direction to the vellow 
ray, where the chemical influence is lost, to berecorercd again in the red laj. \Vhat< 
over theory may be adopted to explain these phenomena, there cannot be a question 
but that the results are as they have been stated. With this explanation of the real 
condition- of the solar rays we must now piss to the consideration of a peculiar set of 
phenomena* which *belong to light alone. 

When we look through a tolrscope at a good solar spectrum formed by allowing the 
sun’s rays to pass through a fine slit, we see that the coloured band is crossed by 
numerous dark linos. Dr. Wollaston was the first to notice these lines. They were 
subsequently examined with much greater care by Fraurnuofbd, and he mapped 676 of 
tlioso linos. He ascertained that these lines are present in sunlight under all cir- 
cumstances, that they could be detected in tlie light of the moon, and in that of the 
planet Venus, as well as in the radiations from the fixed stars. 

Professor Miller, Davio Brewster, and others, examined and mapped those 
dark linos in the spoctrurn, and they observed also that certain substances wnich gave 
colour to flame, gave, when this coloured light was passed through a prism, spectra 
consisting of brilliaiitly-colourt'd lines. The examination of this branch of the inquiry 
p.issed into the hands of Kiuciihoff and Bunsen (see their memoir on Analysis by 
{SproTiiuM OnsKwv AVION, Phil. Mag., vol. xx., 38(50) The following quotations from 
this memoir will show the exceeding delicacy of Uiis hoautiful mo<le of examination. 
The first quotation dosiTihcs the formation of several coloured bands, all of which aro 
marked in tho figure of thu spectrum. The second quotation refers to one substance 
- sodium — only, but it should be stated that in nii equally delicate manner almost 
every element is indicated by the position of its coloured ray or reys in the spectrum 
and some peculiar characlirietic. 

‘ It is woll known that certain salts poMSOss the property of imparting colour to flame. 
Common salt, for example, gives a yellow colour, the salts of strontian impart a red 
colour, those of barytes tint tho flame green, copper gives a briLjht green, and so on. 
Almost every chemical compound imparts some peculiar colour. If tho flame is 
examined hy a prism it will he found that the colour of each particular flame possesses 
a special deureo of refrangibility, and if the spectrum has bo(*n correctly formed, a 
band or bands of tho colour emitted by the flame, but purer, will be distinctly shown. 
II a mixture of salts is used to impart colour to tho flame, the rays belonging to each 
appear diuded out, and an experiment, described by Kiat’inroFF and IIunskn, shows 
this so clearly that it is thought advisable to extract it from their paper on the 
subject. 

‘A mixture of the chlorides of potassium, sodium, lithium, calcium, stroatian, and 
barium, containing at must of a milligram of each of these salts, was brought 
into the fiamo, and tho spectra produced were observed. At first the bright yellow 
soihtim hue, Na«, appeared with a backgroniid formed by a nearly continuous pale 
spectrum ; ns soon as this line began to fade the exactly defined bright red line of 
(tthium, Li a, was seen ; and still further removed from tho sodium line tho faint red 
potassium line, Kua, was noticed, whilst tho two barium lines, Ba I/a B, with their 
peculiar form, became visible in the proper position. As the potassium, sodium, 
lithium, and barium salts volatilised, their spectra liecame fainier and fainter, and 
their peculiar bands one after the other vanisbod, until attor the lapse of a few minutes 
the lines Ca a, CaB, Sr n, SrB, Sry, and Srg became gradually visible, and, like a 
dissolving view, nt last attained their characteristic distinctness, colouring, and posi- 
tion, and then, after some time, became pale and di.sappearcd entirely.’ 

‘ The following experiment shows that tho chemist possesses no reaction which in 
tho slightest degree will bear comparison, as regards delicacy, with tliis spectrum 
analytical det^irmi nation of sodium. In a far comer of onr experiment room, the 
capacity of which was about 00 cubic mitres, we burnt a mixture of 3 milligrams 
of chlorate of sodium with milk sugar, whilst the noudumi nous colourless flame of 
the lamp was observed through tho slit of the telescope. Within a few minutes the 
flame, which gradually became pale yellow, gave a distinct sodium lino, which, after 
lasting for 10 minutes, entirely disappeared. From the weight of sodium salt burned 
and the capacity of the room, it is easy to calculate that in one part, by weight of air, 
there is suspended less than ^ smoko. As tho reaction can 

be observed with all possible comfort in one second, and as in this time the quantity 
of air which is boated to ignition by the flame is found, from thn rate of issue and 
from the composition of the gases of the flame, to be only about 60 cubic cent, or 
0*0647 grm. of air, containing less than sodium salt, it follows that the 

©ye is able to detect with the greatest ease quantities of sodium salt less than s^gL^jeth 
of a milligram in weight. With a reaction so delicate it is easy to understand why 
• sodium reactioR is almost always noticed in ignited atmospheric air. More than 
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two*thirdi of the earth's surfiiee is eovored vith a eolation of chlorido of sodimn, fine 
particles of which are continually boin^ carried into the air by tlio action of the 
waves. These particles of soii-water cast thns into the atmosphere evaporate, leaving; 
almost ineoncoii'ably small residues, which, floating about, are almost always present 
in the air, and arc rendered evident to our eyesight in the sunbeam. Those minute 

C oles perhaps serve to supply the smaller organised bodies with the salts which 
r animals and plants obtain from the ground. In another point of view, how- 
ever, the presence of this chloride of sodium in the air is of interest. If, as is scarcely 
doubtful at the present time, the explanation of the spread of contagions disease is to 
be sought for in some peculiar contact action, it is possible that the presence of so 
antiseptic a substance as chloride of sodium, even in almost infinitely small quantities, 
may not be without influence upon such occurrences in the atmosphere.’ 

The dark lines, named after Fuauenhofru, of which we have already spoken, are 
but a reversal of thuso bright lines. In fact, the dark linos of the spectrum repre- 
sent the luminous rays, with their light extinguished. Kirchhoff states, as tho 
result of his experiments, that glowing gases have the power of especially alisorbing 
rays of tho same degree of refrangibility ns those they emit ; and that, tlier(‘foro, tho 
spectrum of such a glowing gas can bo reversed, or the bright lines tuniod into dark 
ones, when light of suflicieiit degree of intensity, giving a continuous spectrum, is 
passed through it. This idea was further confirmed by substituting for the sodium 
flame — the flame coloured by potassium— when dar/c lines appeared in the exact posi- 
tion of tho characteristic bright linos of this metal. Bumskn and Kirchhoff have 
likewise succoodod in reversing tho flames of lithium, calcium, stroiitian, and barium ; 
and Dr. Millku has also reversed some of tho linos of tho spectrum of copper. 

Tho application of spectrum analysis to tho manufacture of steel now claims our 
altentiuii. In the article Steel, vol. iii. pp. 002 90R, a detailed doscriplion of the 
Dessemhr process is given, with a brief account of the application of the spocWim 
analysis for tho purpose of determining tho exact moment when tho iron in tho con- 
verter is in the condition of the finest steel. It must be understood thnt those who 
have been accustomed to work this process can tell, u'ith great exactness, from the 
change in the chanu;ter of the flame proceeding from the converter, the period at 
which tho air should bo turned off. Tho spectroscope ascertains, beyond tho sliadow 
of a doubt, the moment when all the carbon is burnt oif, and so does tho eye of the 
cxporioncod workman. 

Professor Koscoe says ; * Dy a simultaneous comparison of the linos in the BESSEMEr. 
spectrum with those of well-known substances, I was able lo detect the following 
substances in tho Bessemer flame — sodium, iKitassium, lithium, iron, carbon, hy- 
drogen, nitrogen. At a certain stage of the operation, nil at once tlie carbon lines 
disappear, and wo got a continuou.s spectrum. Tho workman, by experience, has 
learned that this is the moment at which tho air roust be shut oif, but it is only by 
means of the spectroscope thnt this point can be exactly determined. 

‘Those who are practically engaged in working this process would like spectrum 
analysis to do a gre^it deal more ; they would like to be told whether there is any sul- 
phur, phosphorus, or silicon, in their stool : questions which unfortunately at present 
spectrum analysis cannot answer, for this very gornl reason, that these substHDces do 
not appear at all as gases in tho flame, but that they cither remain unvolntilisod in 
the molten metal, or swim on its surface in the slag of the ore, and consequently tho 
lines of those bodies are not seen in the spectrum of tho flame.’ Tho subject is, how- 
ever. so important that tho experiments made by Dr. Marshall Watvs deserve great 
attention. 

Dr. W. Marshall Watts, in the Philosophical Magazine for December 1867, pub- 
lished some results obtained by him at the Lonuom and North-Western Company's 
works, at Crewe, from observations on tho spectrum of the Bessemer flame. ‘ These 
experiments showed that the Bessemer spectrum contained, besides tho lines of potas- 
sinra, sodium, and lithium, certain lines due to iron ; but most of the lines were not 
found to lie coincident with the known lines of carbon or of any other element. 
Nevertheless 1 held strongly the opinion that the spectrum was mainly due to carbos 
for the following reasons : — 

a. Carbon is known to dve more than one spectrum (Philosophieal Magannef 
October 1869; Chemical Aeira, October 1870). and though the Bessemer speotrum 
does not coincide with any recognised spectrum of carbon, it is yet observed in the 
flame of burning coke, and in other cases where carbon would seem to be the esMotial 
element present. * 

b. The spectrum disappears almost entirely at the right moment for stopping the 
blast, which is supposed to be when the carbon in the pig iron has been burnt outi 
and the iron is in the condition of molten wrought iron.' 

In Februaiy 1873, Dr. W. Mahshall Watts published in the PhUosophical Maga^ 
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tme the multa of some other experiments made at the Hematite Iron and 
works at Barrow. 

The uncertainty which appears to attend those results is to a groat extent remored 
by Dr. Watts, who thus describes his experiments at Barrow : — 

* The Observatory was placed aminst the wall of one of the sheds, about on a level 
with the top of converters, close to two converters, and commanding a distant 
view of t%o others. The distant converters were fonnd to be the beet for carefhl 
nioosuremont, the shaking being loss than when the blow was taking place at one 
of the near converters, although the spectrum from these was of course the most 
intonse. The best method of introducing the reference spectrum was found to be to 
throw an imago of the Bbsskmub flame upon the slit by means of a large lens ol 
al)ont 10 in. focus, and to bring the spark discharger (or Bukbbn burner) between the 
lens and the slit. A screen was arranged so as to cut off the light of the BassBMKR 
flame when required, so that either of the two spectra could be obtained alone at 
pleasure, or the one could be superposed on the other. 

* The metals employed to furnish the roforence lines were the following — besides 
which the lines of the air spectrum wore made use of — aluminium, copper, cadmium, 
iron, lithium, load, magnesium, manganese, platinum, sodium, thallium, tin, and sine, 
i^'urtlior, the BuHsKMau spectrum was carefully compared with various spectra, 
especially those of iron, sodium, lithium, manganese, and oxide of mauganese. The 
spectra wore either arranged under the BassauKR spectrum by the use of the reflect- 
ing prism, or wore superposed on it. Tho spectra of iron and manganese were 
olitHineil by taking the electric spark botwisin wires of these metals, tlio spectra of 
soda, lithium, and oxide of manganese by the use of a Bumskn burner, or by heating 
the substance in tho flame uf the oxyhydrugen blowpipe. 

* When chloride of lUHiiganeso (or carbonate uf manganese or pyrolusite) is heated 
in the oxyhydrogeu flame a very brilliant spectra is obtained, which w for the most part 
I'oincideiit with the Busskmur spiH!trum. Observations were further made on tho 
si^ctruni, obtained on adding the spiogcloiseu, on tho tomponvture of the flame at 
different stages of tho process, and on tho diffuroncos in the spectrum caused by tho , 
employment of differonr iron.’ 

The spectrum of the Bksskmrr flame must be rcgardo<l mainly ns the spectrum duo 
to tho oxide of manganese or to spiegoleisen. A few of the lines observed in tho iron 
spectrum are evident in it. As Dr. Watts remarks : ‘ The identiflcHtiou of those iron 
lines proves that iron may exist os vapour at a temperature below the melting point 
of iron, since tho Bksskmku flame is not hot enough to mult wrought iron, nearly 80 
lines in the Bksskmer spectrum remain unidcntifled.' 

Analytical examination shows tho changes which take place during the process of 
converting iron into steel by tlio JlKssKMibK process : — 
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I. Orifdnal pig Iron. 

S. Metal token at the «ul of six minutes. 

S. „ „ boll twelve minutes. 

4. „ „ blow. 

0. After tho addition of splegdetsen. 

It is well known that it is necessaiy to out off the blast at the moment when all 
the carbon is burnt off from the iron. Now let us examine what the spectrum tells 
us. 'I'he stages through which tho Bussembr process passes may be divided into four. 
The Bbssembr flame at the beginning gives a continuous spectrum, without a break, 
extending from red to violet. At a certain period, varying according to the tempera- 
ture, and according to the time which the whole operation takes, certain lines begin to 
make their ap{)6arance. When this action has gone on for a certain time a change 
comes over the whole spectrum, linos begin to make their appearance in almost every 
portion of the bright band, and at last n most complicated series of dark and bright 
bands and lines appear. This very complicated spectrum has not yet been satisfactorily 
D>ade out ; it is exceedingly difficult to determine to what substance some of the linoa 
belong. At a oartain period of the blow, these lines and bonds suddenly disappear. 
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and in the last ntage of the operation, the spectrum of the second period is repeated, 
and this is exactly the point at which the flame drops, and which has been found in 
practice the moment at which the blast ^ould bo turned off. 

We do not get, as we might expect, n defined carbon spectrum. Professor Roscok 
describes several varieties of the spectrum bands produced under certain conditions 
by carbon ; but none of these exactly agree with the spectrum obtained from the 
BsssxicnB flame. ‘Still,* ho says, ‘1 think there is little doubt, seeing, in the flrst 
place, that carbon does give us other different spectra, that this Bjsbsbmbu spectrum 
flame is, in fact, another modification of the carbon spectrum. 

* It is a remarkable fact that it has not been found possible, artificially, to get this 
peculiar spectrum, which is seen in the Bksskvbii flame, and seen in other flames— 
seen, for instance, in that beautiful flame which is emitted when the spiegeleisen is 
allowed to run in. It has idso been seen by Br. Maushat.!. Watts, in the bright 
white flame issning in the hot-blast furnace when they run out the metal, and turn 
the blast down through the bottom of the furnace.' 

Another application of spectrum analysis l^is been very satisfactorily made by Sir 
John G. W. Allmyne, Bart., of the Butterleylron Works, in Derbyshire. This is the 
estimation of small (juantities of phosphorus iu iron and steel. Sir John Allbynu 
brought this matter before the Iron and Steal Institute, and a paper was published 
by him in the Journal of the Iron and Steel Institute, No. 1, for 1875. From this 
paper the following extracts are made, by the kind permission of the author : — 
'Taking up the subject, then, where Pnifessor Koscoe left in March, 1871, the 
author had first to get a spectrum of iron, and to find the requisite apparatus. Mr. 
Alfkmd Apps, of the Strand, furnished a powerful Gijove’s battery, an induction coil 
capable of giving a spark of 12 in. botwoon the secondary poles, anda Leyurn battery 
of 4 one-gullon jars. The coil was of very much the same construction as that which 
he has now lent to further illustrate this paper. A spectroscope, by Mr. Jc^n 
Bbownino, with a battery of four prisms of dense flint glass, formed the first batch of 

2890 



apparatus. Frofessors ANasTBOif and Thalen state that there are 400 lines in the 
roectrum of iron. Dr. Watts, in his index of spectra, gives — EzBCRHoev, 71 » 
I^AL^, 148; Huoonrs, 101; but there are also present the atmospheric lines, 
which, in his index of spectra, give— Huoozns, 32 for oxygen, and nitrogen 78. 
The question flrst to be decided was, which of all that multitude of lines are atmo- 
yphoric lines, which snlphur, calcium, manganese, phosphorus, Oco. It was very soon 
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obvious that the spectra obtained from GmssLim’s raenum tubes, although most 
beautifully made and contrived, gal’s the spectra under totally different conditions 
from those in which they exist in our iron. After many trials and experiments, with 
the details of which it is needless to trouble the Institute, he determined to work 
wholly by spectra of comparison. But considerable difficulty arose with silica, 
alumina, and sulphur, as weU as phosphorus — first, as to the means of holding them 
as electrodes ; secondly, they are very bad conductors. A piece of fire-brick, held in 
the nippers, will give no spectrum ; the spark jumps over it in the most clever way, 
and gives nothing but the spectrum of the nippers, be they brass or steel. Some of 
the small tubes were made —they are shown 2390 in the diagram. The object 
here was to bury the electrode in the pounded fire-brick, and force the current to pass 
through it. Those are obviously a modification of Gbisslbu’s tubes. The lines of' 
silica and alumina shine out with splendour, but they do not last long, the glass gets 
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coated with the material which is decomposed by the spark, and forms a conductor, 
the spark only passing in fitful flashes, and giving but very little light; on the 
whole, the best way of charging Uie tube is, to allow the platinum electrode to 
come through the throat of the tube, and burying the lower electrode in the powder 
tinder examination. This has the farther advantage that the spectrum of the glass 
itself does not intrude ; the lines of the platinum must, of course, be noted, and not 
oonfhsed with those of the powder. The spectra of iron ores come out yerv well by 
this method. The nozxles ab (Jig. 2893) are for letting in gas. This being the 
most diffloult spectrum with wpich the author has had to d^ he has thought it 
better to explain it before proceeding to phosphorus, which forms the main sub- 


carbon electrode to the other without volatilising the phosphorus ; but it is quite 
obvious that this method would not do in atmospheric air; the spectrum must be 
taken in a gas with which the phosphorus could not enter into combustion, or it would 
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simply light in the spark, combine with the oxygon, and fill the cylinder with phot- 
phorie acid. Oarbonic acid, hydrogen, or the common coal gas, ail dp very well for 
this. A special apparatus, however, hod to be fitted up, and is shown on the 
drawing at fig. 2300. The lines of phosphorus on a carbon point, taken in this way 
in coal gas, are shown on the spectrum on the drawing at fig. 2391. It will be seen 
at once that the characteristic features of phosphorus are seven broad bands in 
the green ; there are also three voiy peculiar lines in the red, like a wicket, with 
the middle stump thinner tlian the other two. There is also the same kind of group 
in sulphur, but in a dififerent position in the red, by no means coincident. The lines 
of both sulphur and phosphorus are got by comparison : that is, one pair of electrodes 
were prepared aith a phosphorus point, as before described, and nuothor fuiir, from 
exactly toe tame carbon, wore prepared without phosphorus ; each pair was fitted into 
one of the glass cyliuders, tliu cylinders were filled with coal gas, each with a separate 
branch pipe, and the gas lit, the pair of plain carbon electrodes were arranged in 
front of the slit of the collimator of tho spectroscope, and the phosphorus pair were 
arranged opposite the cross prism, or prisn^ of comparison. The twospoctr.i are seeu 
— tho phosphorus above, and the carbon below, in the usual way. Tho linos which 
coincide are those of carbon and coal gas, a beautiful spectrum well worthy of study. 
The linos which do not coincide are tlioso of phosphorus and auything tho phosphorus 
may contain ; the readings on tho dividing pLile must be carefully noted, We have now 
to look for phosphorus in our iron. The plain carbon points must be removed- tho 
nippers replaced with a clean pair, the cylinder covers cleaned, and the iion electrodes, 
to examined, put in. Tho iron is now iu air, tho phosphorus in coal gas, tho linos which 
coincide are pr^uced by phosphorus in tho iron which is decomposed by the spark, taking 
cure to note which were the readings taken as phosphorus lines in the last experiment, 
fur there may be silicon, sulphur, and other impiiritios in tho carbon - tliore is certainly 
also carbon itself — all of which are present in the iron. There is, however, little Ur no 
risk of any confusion on this point. All the coincident lines in ordinary pig, puddled, or 
bar iron, are in the green or very near to it. The seven lines or bands of the phosphorus 
are much broader, those of fairly good iron, very fine, sharp, and bright. The idea 
struck the auUior, are not those iron lines brighter tlian the phosphorus itself, because 
they are in an atmosphere containing oxygon ? The question was soon put and 
answered, the coal gas was lot into tho iron cylinder, and the lines vanishod entirely ; 
but tho spectrum of coal gas does not suit very v'ell fur this purpose. It has nume- 
rous lines of its own, which have to be eliminated; tho part of the spectrum— tho 
green— where tho characteristic linos of phosphorus occur, is ruled all over by the 
most extraordinary number of dark absorption lines, through the intervals of wliicli 
the brighter parts of the continuous spectrum of the spark are seen It is most diih- 
cult to determine whether these are, as supixisod, bright spaces of a superimposed 
spectrum or lines, llydrogen gas is much liettor as an absorber, or as a gas in vliich, 
oxygen being absent, no combustion can take place. It is needless to point out here 
that, in using hydrogen, the greatest care must be taken to avoid explosions. Tho 
pnmtice in these experiments has been to fill all the cylinders and pipes with coal 
gas, light it, and to displace this gas with hydrogen. It is found that, wnen there are 
12 cub. in. of hydrogen, os measured by tho graduated bottle hereafter to be described, 
the carbon rulings (if that can bo accepted as a proper term) disappear. The lines of 
the spectrum, which in air are bright, and which coincide with those of phosphorus 
and sulphur, are completely blotted out or absorbed. Tho conclusion which tho 
author has come to is that when small quantities of phosphorus or other mutters aru 
nresent iu the electrodes, they require oxygen in some form to bring them out as 
bright linos Ho is confirmed in this view by other writers. In Scukllkw’s Spectrum 
Analgaie, p. 161, he says : If a few grains of common salt be dropped into tho flame 
of a Bunsbw burner, there is emitted an intense light of one ooloiir, producing the 
spectrum of a single yellow line. If the temperature of the flame be raised by a 
further supply of oxygen, the brilliancy of this line is immediately augmented, and 
tho number of coloim linos so much mcressed, as to approach somewhat to a con- 
tinuous spectrum.” It may be that the lines are only obscured by tho spectrum of 
hydrogen as a screen, or as a piece of oulourod glass. If this should prove the correct 
explanation, it can, just as well as the first supposition, which the author hasaoceptHl 
as I he true one, be used as a means of meusuriiig the quantity present in the iQwrk, 
and arriving at a correct estimation of that quantity by spectrum analysis. By the 
first supposition, we calculate the quantity inversely, as the quantity of oxygen, or a 
compound of oxygen used ; by the second, we alter the character and oondition of the 
screen, it becomes less dense by admixture withl^he oxygen compound, until the line 
is able to ponotrato. If a l(^e quantity of phos|ihorus is undergoing deflagration at 
the olectr^es, it will ponetrU|» a screen of oonsulerahlo density. If a small quan- 
tity only is undergoing deoom^ition, the density of the screen must be reduced natil 
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Uw line can penetrate it ; in either case the quantity can be estimated inversely, as 
the quantity of oxygen that h^ been used. In comparing a phosphide of iron with 
phosphorus, or a sulphide of iron uith sulphur, the quantity of sulphur and phos- 
phorus hue power to penetrate the gas. but some of the lines at the red end of the 
spectrum are missing. To TOtum, then, to the main subject of the paper. At>^. 2891 
are shown the .•chimicteristic linos of phosphorus; the lines were taken, as before 
described, on carbon electrodes tipped with phosphorus— some lines, which are ex- 
ceedingly fine, have been omitted as doubtful. In this spectrum we have 21 lines ; 
Dr. Watts gives 47, as found by Pluckbr, but as to how the spectrum was taken, 
whether ns a vapour at atmospheric pressure, or in a vacuum tube, he gives no infor- 
mation. The principle, which the author has introduced, of course requires further 
investigation ; but the fact does seem to him to bo confirmed by such experiments 
08 he has boon able to apply, which is this, that an atmosphere of hydrogen gas, or 
a gas composed of the ordinary coal gas from the gas works, witb an admixture of 
hydro^'en, has power to absorb completely the phosphorus lines in iron, even when 
there 18 as muen as 8'334 per cent, of phosphorus present — that no sign of phosphorus 
is seen in the spectrum in an atmosphere of this gas — that on the admission of a very 
small amount of oxygen, the line does not appear — that when very small quantities of 
phosphorus are present, a very much larger quantity of oxygen must be admitted, to 
make the line snine out as a bright line. The experiments which have led to this 
result have spread over many months, and have absorbed almost all the author’s 
leisure time ; they will, however, he explained in a few minutes. They extend over 
several samples of iron, from which a selection has been made, ranging from '660 of 
phosphorus to *021. We propose, in this case, to deal with materials suitable for the 
Bibmums steel furnace, either by Dr. Siemens* opon-hoarth furnace or by the Siembnb- 
Mabtin process. Fur the quality we propose to make wo will assume that we must 
nut halve mure than ‘060 of phosphorus. A few pieces are chipped from the pig iron 
to bo used ; from those a pair uf electrodes are filled up, they are placed in tho 
nippers, and put into the glass cylinder shown at fig. 2392. We should place the 
phosphorus electrodes themselves in Uie cylinder, lot coal gas into it, and turn on, 
the current ; wlien the spectioscupe is adjusted, we should see that there are sevm 
broad lines in the green, that the baud marked 181° 6^ in the green has a decided 
unmistakable coincident in iron. Tho current must not be kept on long, for I'S 
tlie iron is in air it will be very rapidly coated with oxide. Except to satisfy the 
observer that it is coincident, it is hotter not to turn on tho current when tho iron 
is in air, because the oxide will be decomposed, and upset the subsequent calcu- 
lations. Goal gas is next let into the cylinder and pipes, and lighted at such por- 
tion of the pipes, and at the cylindor, as will ensuro that all tbe atmospheric air 
has been driven out. Tho hydrogen gas holder is now connected, and the gas turned 
on. At fig, 2300 of the drawings the graduated bottle is shown ; this bottle is in. 
diameter, so as to get 12 in. area. The bottle actually used in the experiments is an 
old barley sugar ^ttle, and can bo graduated accurately to whatever its diameter 
may be, by weighing 12 cub. in., markii^ the space on the bottle, and graduating it 
accordingly. This bottle forms a very imiKirtant part of the apparatus. It is fitted 
with a syphon pipe, shown at fiq. 2390. When the cock at the long leg is opened, 
and all the cocks to the cylinder and gas holder are also o'pened, the water runs 
out of the bottle into the bucket shown. The coal gas in the cylinder flows out 
and takes its place, and tho hydrogen from the gas holder follows and takes tho 
place of the coal gas, or mixes with it. The practice in these experiments has been 
to let in, in this way, 12 cub. in. of gas as measured by the bottle, and to examine 
the spectrum for air lines ; the practised eye will detect these in a moment. If the 
air lines are in the spectrum, this gas is not pure, oxygen is present, the hy- 
dropn is unfit for use, or the pipes ^ve not been properly cleared of air. With 
12 in. of hydrogon which has been carefully prepared, tho line, the reading of which 
on this particular instrument is 181° 6^', is completely blotted out, and there is a 
couunnous hai^-looking spectrum with indieationB of lines at venous parts, but tho 
line 181° has completely vanished. We have next to a^rtain what quantity of 
oxygen will be required to make 181° 6^' come out as a bright line. The hydrogen 
mnst be disconnected, and carbonic acid connected, t^ing care, of couMe, to exclutie 
the air. 36 cub. in. are required to bring out a bright line. This iron may, with 
confidence, be passed and used ; it drops on to tbe curve just st 36, showing that it 
has *021 per oent. Supposing that wo are working the SiaMENs-MABTiiiprooeM—- 
the next sample snbmittM to the spectmm analysis wo will suppose to be puddled 
iron ; it is tji^id with hydr^en and there is no line, the carbonic acid is let in as 
before, at short intervals, ana in quantities as measured by | on the graduated scale, 
which is equal to 8 cub. in, ; with the 80 (»nd admission of 3 in., making in all 6 cub. 
in. tbe line is bright ; thus the iron is very bad ; it contains *660 of phosphorus, and 
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may, with eertointy, be rejected. The curve was obtained by only 4 eamplee, eon* 
taining — of phosphorus 

•660 H. 

•801 F. 

‘050 L 
•021 G. 

Should this system come into general use, it is very probable that some such form of 
apparatus as shown at ,/ iff . 2890 on the drawings will be found the best, because 
greater qunu titles of thenniturial under examination can be brought under the action 
of the s^iark. Iron, in the form of filing, gives a very fine spectrum in this way. 
Wishing to try on samples of iron containing larger quantities of phosphorus, the 
author asked Mr. Kdwaku Hii.ky to send him some of those from which he hod made 
analyses ; that gentleman kindly forwarded him five samples, ranging from 3‘334 per 
cent, to *027 ; a sam[)lo containing ‘081 was tried, and foil into its place in the 
cun’e in a very satisfiictory way. The sanude containing 3‘334 was also examined, 
and it was found that when such large quilntities are present, other lines must bo 
taken into account — the line 181*0^ is wholly absorbed by the hydrogen, with 6 cub. 
in. of carbonic acid ; it came out as a great brcjad band, nearly as broad as that of 
the phosphorus. Other lines came out which do not appear in iron, containing '650 ; 
those lines are nearer the blue. Fiff . 2304 is a modification of J^ecqukrkl tube, 
which is used generally fur the examination of solutions. A groat objection has been 
found to using them as open tubes ; with a fluid quantities of it are scattered by the 
action of the spark, to the great injury of the slit of the spectroscope and the eyes 
of ilie operator. The same objecliuii holds good with a powder. A plain glass 
would probably be a better form of apparatus than any before mentioned. It 
would bo preferable to pass the platinum electrode through a glass tube so n/C to 
insulate it from the stoppi r, because the deflagration from either a fluid or a 
powder so coats tho glass and the face of the stopper that the current passes that 
way ; the glass rod, should it also become coated, is easily cleaned by drawing it up 
through tho cork and wiping tho coating from it, and ensuring that the circuit can 
be made only by passing from the platinum electrode to the fluid or the powder. 
Tho subject of such large qiiiintitios as 2, 3, or muro per cont., requires further 
experiment.’ 

In continuation of this siibj'^ct; it may be mentioned that in 1873 Mr. Norman 
LocitTEB and Mr. W. C. Houkrts, the Chomist of the Mint, communicated to tho 
Koyal Society a paper * On the Quantitative Analysis of Certain Alloys by means of 
tho Spectroscope,’ an abstract of which paper upi'earod in tho l*Tocecdinffs of the Royal 
/Society, vol. xxi., No. 147, p- 507- 

The authors showed that tho spectroscope might be employed to detect minute 
differences in the com^xisition of certain alloys, and described their rcsoarches which 
were instituted to ascertain the degree of accuracy to which the method is capable. 
They say the image of an electric spark passing between the unknown alloy, and 
a fixed electrode being thrown by means of a lens on the slit of the spectroscope, 
the phenomena obson-ed were found to vary with the comp^ition of the alloys, ond 
further, by iirratiging them together with known check-pieoos on a suitable stand, 
and bringing them in turn under tho fixed clocirodo, the composition of tho unknown 
ull^B was determined with the known check-pieces. 

The shape of the electrode ultimately atlopted was that of flat cone-shaped pieces, 
which wore held in their places by suitable metallic clips. Special attention was then 
directed to tho adjustment of the length of the spark, which wiis found to materially 
influence the phenomena. The method adopted consisted in placing the variable 
electrode in the field of a fixed microscope, having a 3 or 4 inch objective, and abutt- 
ing the summit of this electrode to coincide with the spider linos of the eye*pirce. 

After a series of experiments on alloys of zinc and cadmium of various compositions, 
more extended trials were made with the gold-copper alloy employed in coinage, 
which was peculiarly suited to these roseurchos in consequence of the known method 
of assay having been brought to so high a state of perfection (tho composition bemg 
determined with aocuraoy to the of ^he original assay-piece of about 

7 grains), and from the fret that reliance can be placed on its homogeneity. 

'J he chief practical advantage which appeared to flow from this inquiry was that, 
if it were possible to rep^ the parting assay by the spectroscopical method, a great 
saving of time in ascertaining the value of gold bullion would be efifectod. 

These researches have a direct bearing on the use of the spectroscope for tbs 
analysis of all the varieties of iron and steel, or any alloys cf those metals. The 
researches of Mr. Norman Locxtbu include a statement of ‘ The Experiments mads 
on a possible Quantitative Spectrum Analysis.' 
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Theie ^uld be studied in connection with the paper in the PhiU>§opkieal TVons^ 
ce^iofis, Tol. clxiii., part i., p. 253, * Besearches in Spectrum Analysis m connection 
with the Spectrum of the Sun.’ 

BTSBXiiarCI XKOlTa Mr. J. Babnstt has recently patented a process for effect- 
ing this. The invention relates to the preparation and application of material for 
the purification; of iron while it is melted for the purpose of puddling (the said 
material ‘ serving also to provide fettling for the furnace in which the process is 
carried on), and also to the preparation and application of a material for liardoning 
iron and steeling its surface. The inventor makes a saturated solution of salt, and 
pours a quantity of such solution, bay one or two ordinary bucketfuls, into the 
puddling furnace, in which an amount of cinder may also bo deposited. Ho also 
saturates the purple ore used as fettiing, with the saline solution, using such purple 
uro in the ordinary way, as fettling in conjunction with ‘ tap,’ pottery mine, &c. 
iktwoen each heat a bucketful of the saline solution is poured into the furnace to set 
the rindcr with, and to further protect the bottom plate. Any earthy or carbonaceous 
matter, granulated or otherwise, is saturated with the saline solution, and burnt 
down at a slow heat into iv granulated form, which material is mixed either with the 
solution of salt or with water, and thrown on the bottom and at the sides of puddling 
furnaces, both as fettling and as a purifier of the iron made. Vegetable or any 
earthy matter, sat united with the solution, granulated or otherwise, is thrown into the 
puddling furnace, either before charging with the pig iron or as the metal molts; the 
same material sundiig as fettling, and also as a purifier of iron by means of equally 
distributing salt, or salt and carbon, throughout the metal while the puddling pro- 
cess is 111 force. The putenleo, for the purjiose of cleansing, hardening, and steeling 
the surface of manufaciurud iron, takes carbon, and boils it down in the above saline 
solution until the moisture eva])or<ites, or carbon is steeped in saline solution, and 
burnt into a grauulitcd form, saturated with any oleaginous matter, and formed into 
]iastu, which is spread over the iron to be acted upon, and the latter is then subjected 
to the action of heat until the steeling process becomes com]>leto. 

ZROIV AirD BTESXi. COMtOBZOlT OF, PSSVBVTBB. A considerablo 
amount of attention has been drawn to a method, announced by Professor as 

etiectually preventing the corrosion of iron and steel. The following is an abstract of 
a paper read by the discoverer at the United f;k>rviue Institution : — 

Experiments, he said, were made in au iron tube, 10 in. long by 2 in. diameter, the 
two ends being closed with iron caps, and into it two iron pipes were fastened, one 
for the passage in of steam, and the other for the outlet of hyd^on. Into the small 
chamber, pieces of iron were put, aud the chamber itself was placed in nn ordin.iry 
furnace, and lieated to a red heat, generated steam being then passed into it. The 
imn was coated in a short time with thick oxide. Hydrogen gas escaped from the 
exit tube. The black oxide could sometimes be dusteif off ; at other times it seemed 
coherent, but on exposure to the air it was thrown off in powder or flakes. On one 
occasion, on taking a piece of iron out of the chamber, ^ofessor Bauff noticed a 
brownish red tint on it , and at once concluded that some of the red oxide of iron was 
produced on the surface and mixed with the black oxide. The idea struck him that 
the presence of moisture in steam formed the red oxide, which was afterwards 
reduced to motnllic iron by the hydrogen, and that the reduced iron was converted by 
steam into black oxide. Experiments confirmed this surmise. He had a coil of iron 
pipe made and attached to the iron chamber between it and the ingress tube, and so 
constructed that it could be put into the chamber with the furnace. 'Hie steam, 
therefore, passed slowly through the heated coil of iron pi|.e before coming into con- 
tact with the iron to be acted upon, and nearly the first experiment showed that a 
hard coherent coating, adhering to the iron, could be produced. The two conditions 
nenessaiy to success are the exclusion of atmospheric air and the perfect dxynoss of 
the s^m. The lateral spreading of rust already present is prevented by this system 
of oxidation, and a perfectly pure coating of the black oxide of iron is formed, which 
completely protects the metal from the action of either air or moisture. 

The oxide is harder than the original iron, and adheres to it even more firmly than 
the particles of iron adhere to each other, so that there is a gain not only in chemical, 
but also in mechanical, resistance. If the operating chamber is heated only to 600® 
Fahr., and the exposure is continued for only five hours, a surface is obtain^ which 
will resist emery paper for a considerable time, and which will not rust within doors, 
or after anym^erate degree of exposure to moisture. If the oxidising process is 
conducted at 1,200® Fahr., and continued for six or seven hours, the sumoe will 
resist a rasp, and will bear any amount of exposure to weather. The oxidation does 
not affect the appearance of the surface in any other way than by turning it black. 
A rough forging retains its roughness, and a turned or polished surface retains its 
smoouness. If there should be any flaw in the coating, or if the black oxide is 
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deiicpadljr femoTed ft<ou part of the eurfoee, the eommoB oxidation will occur when 
the lion ia thua left unprotected. But auch oiklation ia atrictlj limited to the 
unprotected portion, and has not the smallest tendency either to spmd laterally 
under the blra oxide or to detach this from the subjacent parts. 

IMV AJTD OTMSB MAOWnXC mTA&B. The tMleoular changes 
wkiok aooompaiw it$ tnoffndieation . — The following — ^portions of an admirable paper — 
has been placed at mv disposal by Professor W. R Babbbtt. I have preferred 
giving it in the authors own words : — 

* The magnetisation of iron is accompanied bv certain molecular changes in the 
metal which are well known to physicists. Further inquiry in this direction seems to 
be needed as presenting one avenue of approach to a better insight of what may bo 
termed the " molecular architecture ** of a magnet. 

* The wonderfhl transition of iron from an ordinary to a magnetised condition makes 
no alteration in the appearance, the temperature, the weight, or the total bulk of the 
iron : but it is associated with the changes alluded to, which are briefly as follows : — 

‘ 1st. The act of magnetisation causes a slight increase in the lenaih, and a corro* 
spending diminution of the breadth of an iron^bar — a fact discovered by Mr. Jodlk in 
1842, conflrming the previous observations of MM. Gat-Lvssao and WaRTHSiM, that 
there was no Hlter.ition in the total volume of the iron. This elongation, however, 
does not occur when the iron is submitted to a deflnite longitudinal strain ; and when 
the strain is still greater, the iron invariably ahortma when magnetised. 

‘ 2nd. A aound is emitted by the iron on magnetisation and again on demagnetisa- 
tion. This was revealed by Mr. Faob in 1837, and studied by many physicists 
subsequently. In iron wires the sound or clink seems composed of two distinct noises, 
one or which intonsifles by a moderate strain, but is destroyed and the whole sound 
enfeebled by a still higher strain. 

* 8rd. M. WiKUBRMAKN has proved that an iron wire hung in the centre of a hoK^, 
and twisted, is more or less uniwiated when a current traverses the helix and 
magnetises the wire. M. Mattbucci has shown that twisting a magnet lessens its 
force, but stretching a magnet slightly adds to its power ; and, according to M. Qdil- 
LBHiir, a strip of iron bent by its own weight is partly strengthened by magnetisa- 
tion. 

* 4th. The conduction of heat in magnetised iron is greater across than along the 
magnetic axis— ^a fact discovered by Dr. Maoqi, and enlarged by Sir W. Thomson, 
who has shown that its precise analc^e is to be found in the conduction of eUctri^ 
oUy in mugnotised iron and nickel. 

* 6th. A bar of wrought iron is more easily magnetised in the direction of its flbre ; 
and steel once magnetised in a given direction and then demagnetised is more 
readily magnetised in its first direction than in any other — a fact first pointed out by 
M. Mauianki, and recently again observed by M. Jamin. 

* Lastly, it is well known that mechanical blows aid the assumption of magnetic 
power in steel, )jut tend to lessen and can even destroy it when assumed ; and the 
same also is true of heat, which no doubt acts in a similar way, viz. by lessening the 
cohesion of the particles of steeL 

* All these facts may be embraced under the assumption first made by M. Da la 
Rivb, that magnetisation is expressed by a definite movement, or a marshalling of 
Uie molecules of iron— the placing, as Dr. ^mpall puts it, of their longest dimensions 
end to end. Now iron is not the only magnetic body. Nickel and cobalt share the 
magnetic properties of iron to a very high degree ; and to a much less extent the 
metals chromium and manganese are also magnetic. If, then, magnetisation is an 
act associated with an altered structure of iron, we should expect to find a certain 
correspondence to iron in the properties of the other magnetic metals. 

was anxious to try further whether the molecular disturbances found on magne- 
tising iron were also exhibited bv nickel and cobalt. One would of course expect to 
find analogous changes in these bodies ; but I am unaware that they have hitherto 
been examined. 

* Messrs. Johnson and Mattbit very kindly lent me an extremely fine bar of nickel 
and one of cobalt. Both bars ore cylindrical, a little over 0 in. long and 1 in. 
in diameter. Though as pure specimens as they can be rendered commeroially, the 
cobalt 1 find contains a very appreciable amount of iron *, the removal of whieh body, 
as chemists well know, is a matter of the utmost difficulty. 

*The relative magnetic powers of these two bars deserves a moment’s eonsideration. 
Nickel is invariably rankM above cobalt in the scale of manetie metals, Fabadat 
and others placing it next to soft iron. But the bar of niuel 1 have used, when 
submitted to the same magnetising current as the cobalt bar, exhibits far leM 
portative force tlmn the cobalt. It is remarkable that the iron impurity coutained in 
the cobalt is able to produce so powerful an influence. The nickel, like other spo- 
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oifflem 1 baTe met with, has Teiy slight retentive power when magnetieed. whenae 
the cobalt has a high degree of coercive force. 

* Kncloeing either of the oare within a heliz of wire, a sonnd was emitted as coon as 
an inteimpted current traversed the heliz. The sound with codali was far the more 
powerful of the two, and waa even more prraonnoed and more metallic than with a 
corresponding bar. of iron. This fact, 1 Mlieve, baa not been noticed before. It is 
easy to obtain these sounds by merely using the coil of an electromagnet and drawing 
the terminal of the battery wire over a coarse file in a distant room. 

*ln order to examine whether the metals lengthened by magnetisation, I had a 
special apparatus made for me by Messrs. Ybatbs, of Dublin and London. The 
instrument is a modification of the arrangement used by Dr. Ttitdall, and described 
by him in his Seseanhes on Diamagnetism, p. 240. Instead of being mounted verti- 
cally, the iron bar in my instrument is placed horizontally within the coils of a 
powerful electromagnet. One end of the bar is rigidly pressed by the end of a micro- 
meter screw, which is mounted on a sliding brass support that can be adjusted to 
any length that the bar under experiment may be. The other end of the bar 
presses against a system of lovers, by which the least motion of the bar is hirgely 
multiplied. On an axle moved by the last lever a mirror is fixed ; and upon this a 
beam of light is thrown, the reflected image being received on a distant scale. 

‘ I have now to allude to the deportment of iron when raised to a high tempera- 
ture. Mr. Fakaiiay has shown, in tho last page of his Experimental ReKarcheSt that 
a moderate degree of heat docs not alter the magnetic capacity of iron, but diminishes 
Iho magnetic force of nickel and inoreases that of cobalt. At a greater elevation of 
temperature it is well known that nickel first loses its ordinary magnetic character, 
Llieu iron, and finally cobalt. Sut Mr. Faradat has also stated (§§ 2343-2847) that 
though tho magnetism of iron, nickel, and cobalt, as ordinarily exhibited, disappears 
at a high temperature, yet a foobla magnetic state remains, however exalted the tem 
])eriiture may bo. 

‘ttonio time ago several specimens of vejj tough fibrous iron were shown tome that 
liiul been obtained directly from avst iron by bringing high magnetic power to boar 
upon the latter metal when in a molten state. The process, which was patented, was 
thus popularly described by the Athenaufn for April 20, 1867 : — “ The experiment has 
been tried at one of tlie leading iroU'Works in Sheffield, and with complete snccessi 
Tho mode of operation, as roughly described, is to place a fixed electromagnet 
opposite an opening in the side of the furnace, to excite the magnet by means of a 
Smuk's battery, so that the magnetism thus evoked may act upon the molten metal. 
The effect is surprising ; tho metal appears to bubble and boil, the mating is ex- 
pedited, which ooonomises fuel ; and tho quality of iron is so much improved, that for 
toughness and hardness it can hardly be equalled. It appears that some, if not all, 
of the impurities which remain after the ordinary process are eliminated by the use of 
magnetism.” Tho scheme is so opposed to the ordinary views regarding the inertness 
of molten iron to magnetism, that any physicist must ^ naturally incredolons at this 
report, and would expect the patent to meet with the oblivion it has received. 
Nevertheless, is it not possible, from Mr. Faraday's ei^riments, that some magnetic 
effect, not of translation but of direction, may be impressed on the molecules of 
molten iron ? 

* The resumption of magnetic power by iron after being raised to bright incan- 
descence is thus described by Mr Faradat: — "T he intensity of the force did not 
appear to increase until the temperature arrived near a certain point ; and then, as 
the beat continued to diminish, the iron rapidly, but not instantaneously, acquired its 
high magnetic power, at which time it could not bo kept from the magnet, but flew to 
it^ bending the suspending wire, and trembling as it were with magnetic energy as it 
adhered by one end to the core.” {Exp, Res. § 2346). 

* Approximately at that temperature wherein a cooling iron wire resumes its 
magnetic state, a profound change occurs in the physical condition of the metal. A 
momentary dilatation of the iron takes place ; its thermoelectric position is reversed ; 
a sound is emitted ; and a sudden reheating, or after-glow,” is soon to difihae itself 
throughout the metal just before it ceases to be incandescent; and its electric and 
bermal resistance at this point appears to undergo a change, ^ongh this has yet to 
be strictly determined.’ 

MamAUf Metals, their Relatvmshi^. — The remarkable similarity in the chemical 
and physical prope^os of the magnetic metals has no doubt often attr^^ attention ; 
but no definite collation of these properties has ever been made until it was under- 
taken by Professor Babribtt. The extraordinary homology these metals are thne 
seen to exhibit, fismishes instructive evidence concerning the molecular state of a 
magnet. 
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Bj magnetic melale thoee metali which posaeu magnetic propCMies nnde^t^I- 
narv circnmetaneei— namely, iron, nickel, and cobalt— are intended, ^ 

Firat we will compare their physical characteristics. The apeoific gravity of the 
thirty-eight known metals ranges from lithium 0*69, to ptlatinum 21*6, a difibrence of 
nearly 21 ; whereas the specific gravity of iron is 7‘8, nickel 8 3, and cobalt B.'6, an 
extreme difiTerence of only 0‘7* The specific heat of these three metals is also nearly 
identical ; and their atomic heat is the same. Their conductivity for eomd is almost 
absolutely the siirae ; and so for as their heat and electric conductivity have been 
determined they are also alike. Their dilatation by heat is the same, and so also is 
the amount they lengthen by mechanical strain. They belong to the same system of 
eryatallisation, namely, the monometric, though too little is known on this point. The 
enormous cohesive power of iron, nickel, and cobalt in the solid state signalises those 
substances as the most tenacious of metals. To overcome this cohesion a very high 
and somewhat similar temperature is required, and th&ir melting-point is only exceeded 
by the platinum group of metals. Their refractory character renders them not 
volatile even at the temperature of the hottest furnace. When, however, they are 
volatilised by means of the oloctric spark, their inciindcscont vapours yield a spectrum 
which has a close and curious resemblance. This teaches us that the molecules of 
these bodies, freed from the thrall of cohesion, vibrate in periods which are closely 
akin. 

A con^rison of the chemical properties of the same metals furnishes a similar 
result. The ratio of the combining weight of the metallic elements ranges from 
lithium 7, to bismuth as 210, or a difiTerence of 203. When we compare the magnetic 
metals, we find the combining weight of iron is 66*0, nickel 68 6, and cobalt 68*6, or 
a difiTerence of only 2*6. Chemists class these three metals in the same group from 
the similarity of their chemical behaviour, and also the identity of their combining 
energy or atomicity. ^ 

In strong nitric acid, iron becomes endowed with a so-called passive condition, not 
acted upon, ns it is in the dilute acid. Likewise nickel is capable of assuming a 
passive state in strong nitric acid. Cobalt, it is true, was violently acted upon under 
similar circumstances ; but that was due to the fact that the cobalt contained iron 
largely, and so an electrolytic action was probably set up. 

A series of very similar chemical compounds are formed by these metals, mostly 
characterised by the brilliancy of their colour. The proto.snlt8 of iron are generally 
bluish green, of nickel emerald green, and of cobalt of a rose-colour. It is moreover a 
well-known fact that this rose-colour of certain cobalt salts passes into a bright green 
when they are warmed. Now, when the metal cobalt is moderately heated it 
inoreasea in magnetic power, thus difiTering from its congeners, iron and nickel, which 
are in their maximum magnetic condition at the ordinary temperature, and at ordinary 
temperatures present the green-coloured salts. 

'^at has been said concerning the likeness of iron, nickel, and cobalt, in many 
respects holds true of manganese and chromium, also feebly magnetic metals. Placed 
in the same group with the former metals chemically, they are physically charac- 
terised by their extraordinary tenacity and difficult fusibility. Manganese has lately 
been used to replace nickel in the alloy of German silver, and with excellent results. 
It is also worthy of note that the compounds of these five metals are conspicuous by 
the brilliancy of their colours, all their salts exerting a selective absorption on light, 
and their oxides dissolved in borax yielding well-known and characteristic tints— a 
comparatively rare feature outside this group. 

Further, it is well known that the ores of cobalt and nickel are almost invariably 
found associated in the earth and with difficulty separated. It is also noteworthy 
that both nickel and cobalt are usually present in meteoric iron — the average compo- 
sition of meteorites being 90 per cent, of iron, 8 per cent, of nickel, and 0*6 per cent, 
of cobalt, curiously enough often with a trace of the other feebly magnetic metals, 
manganese and chromium. 

This uniform coincidence in the properties of iron, nickel, and cobalt, suggests the 
practical inference tliat nickel and cobalt might be obtained in a malleaUe and ductile 
condition when subniitted to a process similar to that by which wrought iron is pro- 
duced. At present it is impossible to procure nickel or cobalt wire, though there 
seems no reason why they could not be made if a demand arose. Nickel wire would 
probably prove very useful from its high tenacity and comparative fteedom from 
oxidation. 

The following table sums up some of the most striking points of contact in the 
physical properties of the three magnetic metals par excellence 
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TahU thawing the Phgaieal RtleUionthtp of tht Magnttio Mttalt. 


Substanoe 

Density. 

Water 

*1 

Atomlo 

Weight. 

Hi^l 

Bpeolflo 

heat. 

Water 

al 

Atomic 

Heat 

Dilatation 

Oonduotlvlty 

Tena- 
city and 
Melt- 
ing- 
point 

by 

Heat' 

by 

Strain ' 

for Heat 
fillvor 
al 

for 

Sound.' 

Airal 

Iron 

7-8 

560 

0*1188 

6*88 

*0926 

•0887 

•168 

15*8 

Very high 

Nickel . 

8-8 

58-5 1 

0-1 001 

6*33 

*0800 

*0804 

*181 

14 *9 


Cobalt . 

85 

58*5 


6 26 

.0981 

■0486 

•179 

14 *8 

»« 


From this table it is evident that the molecular constitution of the magnetic metals 
is essentially alike, largely differing from iKMlies which are not magnetic. And this 
being BO, further evidence is afforded that the evolution of ordinary magnetic pheno- 
mena is in some way associated with the pttculiiir and similar structure of the mole- 
cules of iron, nickel, and cobalt. W. F. B 


ZMir IttAirUTACTURB. Guiut Bkitaix tn 1875 and 1876. 


Iron Ore.-- The total quantity of iron ore raised in the United Kingdom, as shown 
in the preceding returns, amounted in 1875 to 1,'i, 821,060 tons. 


1H76 

Tons 

Foreign ores imported 458,603 

Purple ores from pyrtten imported 280,000 

Total quantity of iron ore returned as smelted 

in Great Britain 16,560,758 


1876 

Tons 

672,235 

202,000 

17,206,056 


England 

Wales 

Scotland 


Numhfr of Furnaoea tn liUtti. 


Total . 


1878 1876 

424 802^ 

86 78 

no 119 

620 684^ 


Pig Iron produced and Coal returned as uaid in tie Manufacture in the years 
1876 o»id 1876. 



1875 

1876 


Pig Iron 

Coal used 

Pig Iron 

Goal used 

England 

Wales 

Scotland 

Tons 

4.71R.56I 

596,008 

1,050,000 

Tons 

11,891,646 

1,304,128 

2,050,000 

Tons 

4,664,153 

788.844 

1,103,000 

Tons 

10 871,766 
1.676.675 
8,050,000 

Total . 

6,865,462 | 

16,645,774 

6,565,907 

15,608,381 


When ooke has been given in the return it has been computed ae coal. 


' For the figures In this oolnmn 1 am Indebted to n paper by M. A. Masson, in the dt 

nUmie el de Fkeetque for 1858. In the heat column the decimal would, of course, have to be moved 
four plaoee to the left to exprees the ooeffloient for 1® 0. The dilatation by atrain was of one mitre 
of the body under a weight equal to Iteoli 


VoL, IV, 


KR 
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Summary of Pig Iron produced in 1875 and 1876. 



187A 

— 

1876 


5 

n 

1 


1 


1 


Counties 

•s * 





P ? 




ii 

l| 

■8a 

'si 

II 

H 

-s* 

^4 

Cn 

*8.9 

6 

'si 

II 







iz: 

Bnoulki) 




Tons 




Tone 

Northumberland 

2 

4 

2 

22.870 

1 

4 

1 

[ 828.172 

Durham 

16 

70 

68 

78(i.J06 

18 

69 

60i 

Yorkshire, North Riding . 

19 

8fi i 

78 

1.340.243 

19 

86 

76 

1.261,013 

West Kldliiit . 

18 

ftO 

88 

267,163 

16 

49 

84 

236,461 

Derbyshire 

18 

SI 

88 

272,066 

12 

64 

36 

800,719 

Lancashire 

9 

60 

n 

668.780 

9 

47 

30 

.162,984 

Cutiiberland .... 

11 

61 

81J 

486,112 

12 

49 

27 

436,887 

Shropshire 

11 

26 

20 

120,996 

10 

24 

16 

106,711 

><orth Btaflonlshire . 

8 

39 

26 

241,398 

8 

37 

21 

213,669 

Buiith „ ... 

R-i 

166 

76J 

470, .')40 

41 

144 

64 

46.1,946 

N ort > 1 ‘im pt onshlre 

7 

18 

12 

80,68') 

7 

20 

n 

84 916 

LlruxilnHliire .... 

ft 

21 

14 

111,683 

6 

21 

16 

126,198 

Gioucestei shire .... 

8 

10 

6 

27,088 

1 

8 

10 

6 

28,108 

i 

Wiltshire 

1 

4 

2 

( 1 

7 

2 

Hampslilre 

1 

1 

— 

t 32,731 

\ - 

1 

— 

20,479 

Hoiuersetshlre .... 

1 

1 

1 

1 

1 1 

1 

1 

) 

4*^ 

Total .... 

178 

636 

424 

4,718.664 

160 

623 

392i 

1,664.163 

Walks:— 









North Wain, 









Denbighshire .... 
Flintshire 

3 

1 

9 

2 

6 

1 

66,099 

n 

» 

3 

3 

1 

[ 33,723 

Smth Wain. 









ArithraeClt Nurntutt 

2 

13 

7 

29.889 

2 

IS 

6 

20,421 

Bituminous i Glaino]‘enn‘'hire 

14 

78 

36 

249,(i67 

9 

60 

28 

321,764 

coal districts j Moniiioutbshlro . 

1.8 

62 

87 

262,263 

10 

62 

36 

413,946 

Total of North and South 









Wales .... 

33 

164 

8C 

696,908 

26 

145 

7-1 

788 844 

Scoi'Land;-- 









Ai rshlru 

7 

43 

38 

368.164 

7 

42 

S3 

860,924 

r.iiiiarkKhiFa .... 

18 

94 

74 

631,496 

13 

92 

78 

680.07G 

1 

Flfoshlro 

2 

6 

2 

} 43,741 


6 

0 

Unllthgowiiliiro .... 

3 

9 

6 

i 2 

9 

4 

1 62, MK) 

Stirlingshire ... 1 

Arg^ltishlro . . . . ) 

9 

7 

0 1 

16,600 

1 

6 

1 

3 

1 

ToUl .... 

26 

lfi9 

119 

1,060,000 

26 

166 

119 

1,108,000 


The production of pig iron in the United Kingdom of Great Britain and Ireland 
from 1865 to 1876 is given from the returns made to the Mining Hvoord office : — 


Year 


OroM Tons 

Year 


Groae Tone 

1855 . 


. 8,218,151 

1866 . 


. 4,523,897 

1R56 . 


. 3,586.377 

1867 . 


. 4,761,023 

1857 . 


. 3,669.477 

1808 . 


. 4,970,206 

IR58 . 


. 3,466,061 

1869 . 


. 5,445,757 

1859 . 


. 3,712 904 

1870 . 


. 5,968,515 

1880 . 


. 3,826,762 

. 3,712,390 

1871 . 


. 6,627,179 

1851 . 


1872 . 


. 6,741.929 

1802 . 


. 3,943,469 

1878 . 


. 0,566.451 

1863 . 


. 4,510,040 
. 4.707,901 

1874 . 


. 5,091,408 

. 6,365,462 

1864 . 


1 876 . 


1806 . 


. 4,819,254 

1876 . 


. 6,565,097 
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The British Iron Export Trade for the Calendar Finan 1873 to 1876. From the 
Board of 'Trade Returns. 


FiindiMd Artloles only to all Oountiioa 

Quoutltlas la Tons | 

1878 

1874 

187fi 

Pig iron .... 

1,142.066 

776.116 

954.476 

Bnr, angle, bolt, and rod .... 
liailrotid uf all sorts ..... 

286,846 

268,063 

270,686 

766,014 

782,666 

646,647 

Wire of iron and steel (except telegraph), 
gHlvaniHed or not 

29,446 

86,692 

4». or 7 

Monpti, sheets, boiler and armour plates 

201,670 

168.430 

204,480 

I'miied plat es 

120,638 

122.960 

138,663 

Cast or wrought, and all other manufactures 
(except ordnance) unenumerated 

282,000 

267,069 

240,041 

Iron, old, for remauufacture 

60,3 o 0 

48,141 

20,994 

Moel, u 11 wrought 

89,418 

31,440 

29,738 

iVlunufactures of steel, or steel and iron com- 
bined 

10,479 

10,066 

11,044 

Total of iron and steel 

2,967.813 

2.487,622 

2,406,640 

To the United States {included in the above). 
Pig iron ...... 

102,624 

43,568 

49,868 

Par, angle, bolt, and rod .... 

22 676 

4,729 

8,264 

Ibiilroad ot all sorts ..... 

186,300 

11,267 

6.963 

Hoops, sheets, boiler and armour plates 

18,272 

8,381 

11,023 

Cast or wrought, uneuumorated . 

22,671 

20,058 

7,818 

*'tcel, unwrought 

19,339 

13.662 

10,681 

Total 

371,782 

101,666 

89,617 


Values In Pounds sterling 

PriQolpal Articles only to all Countries 

1873 

1874 

1876 

Pig iron 

7,118.037 

3,073.734 

3,474,621 

Jiar angle, bolt, and rod .... 

3,766,980 

8,064,647 

2 729.888 

llailroad of all sorts 

10,418,862 

9,638,236 

6,460,808 

Wire of iron and steel (except telegraph), 
galvaniseil or not ..... 

692,470 

769,927 

781,078 

Hoops, sheets, boiler an 1 armour plates 

Tinned plates 

3,722,889 

2,975 409 

3.308,121 

3,963,042 

3,714.810 

8,691,882 

Cast or wrought, and all other roanufactuies 
except orJnaiioe) unonumcrated 

8,478,769 

6.122,688 

4,342 6 C 5 

Iron, old, for remanufacture 

399,622 

246 381 

1 00.012 

Steel, unwrought 

1,462,867 

1,203,719 

1,070,446 

Manufactures of steel, or steel and iron com- 
bined 

728,831 

791.906 

828,420 

Total of iron and steel 

37,781.239 

31.190,266 

26.781,421 

Steam engines 

2,927,617 

3,266,685 

2,620,491 

Other ma^inery and millwork 

1 

7.092,312 

6.636,229 

6,478,222 

To the United States {inoluded in the above) 
Pig iron 

693,694 

218 979 

101,141 

Bar, angle, bolt, and rod .... 

Kailrood of all sorts 

308.226 

74.064 

66,698 

2.434,136 

147,970 

65,881 

Uo(^, sheets, boiler and armour plates 

308.684 

131.388 

138,668 

Cast or wrought, iinenumerated . 

443.387 

852,022 

143,608 

Steel, unwrought 

707,636 

663,068 

382,667 

Total 

4,890,661 

1,422,481 

077,606 


X k3 
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Export iron and steel in 1876 : — 

Fig iron 

Bar, angle, bolt, and rod 

Railroad of all sorts 

Wire of iron and steel (not telegraph) .... 
Hoops, sheets, boiler and Hrmour plates . . 

Tin plates 

Cast or iirrought, and all other manufactures (except 

ordnance) unenumerated 

Old, for remanufacture 

Manufactures of steel, or of steel and iron combined 

Total of iron and steel . . 


Tons 


906.029 

2,844,880 

227,714 

418.666 

1,943,966 

8,706,261 

441.969 

736.099 

192,887 

2,869,768 

182,397 

2,888,697 

248,482 

4,018.372 

22,814 

97,166 

10,286 

768,288 

2,218,668 

20,730,079 


The Board of Trade, in accordance with^the wish of the iron and steel trade, en- 
deavoured in 1876 to distinguish the quantities of iron and steel rails exported from 
the United Kingdom. The following account, the Board of Trade says, ‘ is published 
with some hesitation, as it is not considered sufficiently trustworthy to indicate the 
export trade under two separate heads ; the total quantity of rails, however, may be 
accepted as correct : ’ — 


Year ended December 31, 1876. 





Quantities 

VliluPB 




Iron Rails 

Steel Ralls 

Iron Rails 

steel Ralls 

Russia 



Tons 

12,626 

Tons 

66,029 

£ 

109,221 

£ 

633,128 

Sweden and Norway 



34,448 

3,928 

246,548 

36,632 

Germany . 



303 

12,943 

2,140 

121,468 

Spam 



10,723 

6,279 

76 606 

65,506 

Italy 



16,019 

2,027 

108,093 

19,520 

United States . 



161 

— 

1.422 



Brazil 



16,029 

4,096 

114,112 

86,843 

Chili 



968 

2,088 

36,247 

6,721 

19,277 

British North America 



21,839 

161.729 

336,096 

British India . 



30,404 

10,330 

225,315 

88,825 

Australia . 



13,940 

10,442 

104,074 

105,589 

Other Countries 



33,599 

19,646 

253,960 

183,968 

Total . 



190.064 



173,764 

1,409,843 

1,636,862 

Total of rails 

• 


363>08 

i 



Austria.— T his is essentially connected with the development of the railway system 
in that country. From 1 866 the development was as follows : — 


1866 








Austrian Miles 
36091 

1867 








39987 

1868 








97-389 

1869 








. 113-940 

1870 








. 211-246 

1871 








. 280-636 

1872 








. 280-660 

1873 








. 224-61 1 

1874 








66-.‘)98 

1876 








. 90-780 

1876 








1440-897 

06-660 


The period comprised between the years 1870 and 1878 was that of the giMtsst 
relative activity in railway construction. In these four years 1.000 Austrian miles of 
railway were Isid, or 250 miles a year. Before and after this neriud the rate of 
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cooitructioa variad from 36 to 114 milea a year. IWog the common estimate of 
10,000 cwt. per mile as the basis of our calculiition of the quantity of new rails re* 
quired, we find the yearly totals of consumption of iron to be as follows 



Owt. 




Owt. 

186Q . 

. . . 860,010 

1872 . 



. 2,806,690 

1867 , 

. - . . 800,870 

1878 . 



. 2,246,110 

1868 . 

073,800 

1874 . 



666,080 

1860 . 

. 1,130,400 

1876 . 



907,300 

1870 . 
1871 . 

. 2,112,460 
. 2,806,360 

1876 . 



066,600 


The impurth Hiid exports of rails are given as follows in the Austrian returns : — 


Yean 

Imports 

Exports 

Excess 

Imports 

Exports 


Ont. 

Cwt. 

Owt. 

Owt. 

1866 

3,306 

4,982 

— 

1,076 

1867 

508 

2,179 

— 

1.671 

1868 

1,084.376 

812 

1,083.563 



1860 

2,208,632 

1.872 

2,296,760 



1870 

2.336.260 

1,166 

2.336,006 



1871 

2,026,046 

4.409 

2,021,687 



1872 

1,316,782 

4,762 

1,812,030 



1873 

1,049.633 

14,261 

1,085,382 

_ 

1874 

202,200 

166,911 

46,289 



1876 

26,900 

1 

216,488 

1 

— 

188.688 


The Vienna correspondent of the Economiat gives some interesting figures with 
reference to the growth ol iron production in France and Germany, which we sub- 
join 

France Germany 

Cwt Owt. 


1860 to 1864 
1865 to 1860 
1870 to 1874 


18,334,134 13,300,800 

15,630,862 20,372,000 

18,206,832 83,714,417 


The writer remarks that the enormous progress in the Gorman ironworks in the last 
period IS in great part due to Alsace and Jjorraine having been annexed to Germany, 
which causes a great loss to France and a corresponding gain to Germany. 


Stybu, &c. Production of Charcoal Iron tn. 



Years 

fityria 

Oorinthla 

Caxnlola' 

Austrian 

Tyrol, 

Balsburg 

Total 

Forge pig . 

Foundry pig 

Number of furnaces 

1861 

*» 

Tons 

47,728 

1,706 

32 

Tons 

31,693 

883 

22 

Tons 

8,388 

381 

11 

Tons 

7,163 

919 

12 

Tons 

89,062 

3,839 

77 

Forge pig . 

Foundr^^ pig 

Number offumaoee , 

1861 

ti 

II 

71,069 
1,544 
32 ! 

41,600 

766 

21 

6,061 

819 

11 

7,821 

797 

10 

127.431 

8,416 

74 

Forge pig . 
l''oundry pig 

Number offumacee 

1871 

99 

99 

121,868 * 
6,267 
31 

63,101 

1,916 

17 

3.680 

816 

7 

6.786 

2,066 

7 

106.384 

9,664 

62 

Thus by furnace and^ 
by year the pro- > 
duetion has been j 

1861 

1861 

1871 

1.600 

2,840 

4,100 

1,600 

2,340 

3,820 

338 

680 

662 

674 

861 

1,200 



In 1378 the total production of all those districts was 287.400. This was the 
highest prodttctiota ever attained ; in 1874 the production fell off nearly 20,000 tons. 
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Bhlqivk. Production of Iron and Stcd, 1875. 




Brabant 

Hainault 

Mamur 

UOge 

Luxem- 

bourg 

Total Of 
the King- 
dom 

PtmiMM In blast 


7 

161 

46 

83 

11 

817 

Workmen emplojad . 


1.300 

11,808 

1,026 

8,418 

433 

98,014 

Production— cast iron 

(tone) ‘ 

8,000 

837.137 

47,064 

304,214 

82,088 

630,438 

Value In france 

603.300 

80.010,404 

3.980,848 

31,172.9(0 

8,000,000 

08,874,981 

Produotlon— pig iron 

(tons) ' 

33.7( i 0 

300,100 

30,770 

188,901 

830 

1 400,880 

Value In franoe . 

0.087.000 

03,094,008 

7.313,880 

32,478.007 

148,000 

07,631.080 

Steel works 

, , 

— 

— 

— 

8 

— 

8 

Workmen employed . 


— 

— 


1,672 

— 

1,673 

Frodnotlon In tone * . 


— 

— 

— 

47,200 

— 

47,200 

Value ui franoe 





14,134,000 

— 

14,124,000 


Fuanck. TaJ}le of Production of BlcuA Funiacta in 1875 


Deiiortments 



Snieltud with 
Churuoal 

^multud with 
two kimie of 
Fuel 

Smelted with 
Dual or Coke 

Total 

Allier 



Metiioal 

Quiutule'' 

Metrical 

Quintals 

Metrical 

QuuitalH 

924,080 

Metrical 

Quiutals 

924,080 

Ard^che 



— 

— 

790,883 

790,883 

Ardennes . . 



31,950 

— 

114,000 

145,950 

Ari^e 



— 

27,000 

115,711 

142,711 

Aube . 



— 

12,172 

— 

12,172 

Aveyron 



— 

— 

379,370 

379, 3f) 

Bouches-du-Bhdne 



— 

— 

315,955 

315,955 

Char . 



56,450 

110,036 

117,900 

284,886 

Corse . 



92.600 

— 

— 

92,600 

C6te-d'Or . 



40,900 

— 

83,000 

132,900 

Cdles-du-Nord . 



6,025 

10,718 

— 

16,743 

Dordogne . 



67,268 

— 

— 

67,268 

Doubs 



19,330 

— 

— 

10,330 

Eure . 



— 

— 

8,268 

3,268 

Eure-eULoir 



— 

— 

11,237 

11,237 

Card . 



— 

— 

639,086 

639,036 

0-ironde 



47,260 

— 

— 

47,260 

llle-et-Vilnine 



25,146 

— 

— 

25,146 

Indre . . • 



40.540 

— 

— 

40,640 

Isire . 



16,281 

— 

180,480 

495,711 

Jura . 



— 

— 

220,084 

220,084 

Landes 



160,630 

— 

— 

160,630 

Loire . 



— 

— 

606,606 

505,606 

Loire-lnf5rieure . 



6,800 

— 

— 

6,800 

Lob-et-Garonne . 



8,000 

— 

140,000 

148,000 

Marne 



— 

— 

25,475 

26,475 

Marne (Haute) . 



216,192 

387,871 

229,685 

833,748 

Mayenne 



— 

21,030 

— 

21,030 

Meurthe-et-Moselle 



30,482 

— 

2,958,017 

2,988,409 

Meuse 



58,800 

31,000 

207,000 

296,800 

Morbihan . 



39,000 

— 

— 

39,600 

1,482,847 

Nord . 



— 

— 

1,432,347 

Orne . 



— 

— 

8,200 

8,200 

Bas-de-Calais 



— 

— 

667,660 

1 667,660 

P^n^-Orientales 

Rn6ne 



85,000 

— 

— 

86,000 



— 

— 

627.938 

627,083 

8a6oe (Haute) 



146,990 

— 

— 

146,990 

8a5ne-et-Loire 



— 

— 

1,728,007 

1,728,007 

Sarthe 



— 

17,829 

— 

17,829 

Savoie 



8,670 

— 


8.670 

Savoie (Haute) 



1,950 

5,000 

— 

— 

1,850 

Tam-et-OaiODDe 



— 

— 

6,000 

Vienne 



— 

— 

10,900 

10,900 

Total . 

• 

• 

1,218,813 

617,746 

12,320,724 

14.157,288 


' Meftriottl ton of 1,000 kilograms, or 10 owt. 9 qrs. 30 lb. 10 oaa. 
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Smelted with obeivoal 

„ „ And coke 

M coke and coal . 


110,776 Englieh tone of 2,240 lb. 
60,671 
1,210,071 


Total . . . 1,881,618 


The production of merchant iron in France in 1876 : — 


From ch.ircoHl iron 
From charcoal and coke . 
From coko or coal — rails 
Othor than rails 


232.802 metrical qnintali of 220 Ih 
212.661 

1,180,689 „ „ 

6,019.380 


Total 


7,1 08,960 « 698,202 English tons. 


The proiluction of sheet iron iu France in 1876 

Sheets produced from Iron made with — 


Charcoal 

Charcoal and coke or coal 
Coke or coal . 


128,616 metrical quintals of 220 lb. 
94.278 

926,619 „ „ 


Total .... 1,149,312 -.112,482 English tons. 


Ibtal Production of Steel in France in 1876. 


Departments 

Forge 

titeel 

Fuddled Steel 

BKMSBMBKand 

Maiitin’h 

Steel 

steel by 
Cementa- 
iion 

Total pro* 
duotlon of 
those 

Cast Steel 


Metriool 

Metrical 

Metnoal 

2ii trloal 

Metrical 

Metrical 


Quinbal^ of 

Quill tain of 

Quint alH of 

QnliitaN of 

QmntalH of 

Qulntils of 


32U lb. 

320 lb. 

220 lb 

220 lb. 

220 lb. 

220 lb. 

Allier 

— 

— 

266,000 

— 

256.000 

— 

Aidennos 

200 

— 

— 


200 

600 

Ari6ge 

360 

22,677 

— 

880 

23,807 

260 

Charente . 

— 

— 

8,000 

— 

8,000 

— 

C6te-d’Or 

120 

— 

— 

— 

120 

— 

06teH-du-Nord . 



800 

— 

26 

886 

281 

Finistire . 

— 

— 

— 

— 

— 

191 

Gord 

— 

— 

277,016 

— 

277,018 

— 

Garonne (Haute) 

— 

— 

— 

7,200 

7,200 

_ 

Isire 

2,000 

46,800 

7,200 

1.200 

56,200 

1,600 

Loire 

Meurtbo-et-Mo- 

— 

95,903 

707,396 

9,497 

812,796 

49,070 

salle 

— 

10,200 

— 

— 

« 10,200 

— 

Niivre 

— 

3,743 

107,746 

— 

111,489 

6.26 

Nord 

— 

— 

154,669 

— 

164,669 

— 

Rhone 

— 

— 

170,538 

— 

170,638 



Sa6De (Hautc>) . 
Sa6ne-et-Iioire . 

— 

— 

600 

— 

600 

430 

— 


623,261 

— 

628,261 

— 

Seme 

— 

— 

6,860 

— 

6,860 



Seine-et'Oiee . 

— 

— 

— 

— 

— 

1,168 

Tarn 

— 

— 

— 

1,142 

1,142 

1,680 

ToUl . 

2,670 

178,683 

2,814,767 

20,446 

2,616,374 

61,431 


The total quantity of forg^ and puddled steel, of BassBHaB 

and Mautik's steel, in English tons 247,147 

Cast steel 6,083 

268,180 

Russia.— Mr. A. 0. SaBBRinr, M.P., writes ftom Moscow, giving some partieulare 
of the charcoal iron manufacture at Vyksa, about 700 miles from St. Petersburg and 
800 from Moscow in a SSE. direction. The forests, he states, are composed obioflj 
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of pine and birch, and the ore is eo close to the surface that it is worked in a rerj 
primitive way ; when it is calcined it averages about 42 per cent, of metallic iron. 

The blast furnaces have to be placed at cousiderable distances apart, in order to 
take advantage of the water power, and not to have to curry the charcoal and ore to 
them from excessive distances. 

The establishment of the ' Kussia ’ Ironworks of the Vtxsouxsjct Gompant consisted 
of 400,000 acres, with various works scaUerod within this area, and iron manufacture 
in all its branches is carried on. At one or other of their works they smelt the ore, 
roll it into burs, tyres, hoops, plates, and sheets, draw telegriiph and other wire, 
make noils, and construct steam-engine and other machinery. In consequence of 
the works lying so widely apart, the cartage is immense, and although done at a 
cheap rate, is a very heavy item in the company's expenses ; and most of it, on account 
of want of roads, has to be done bv sledges over the snow in winter, so that in about 
four months the entire slocks fur the remainder of the year have to be laid in. About 
l,OU0 horses, and something like 10,000 men, woinoti, and boys, are engaged during 
the winter. — Woroeatcr Chronicle^ quoted by Mr. David Fooubs in The Journal of 
Iron and Steel Institute. * 

The returns from Russia are considerably in arrear, but according to an article by 
M. Lbvitskt, Industrie MHallurgique et Minthre de Ui liusse en 1873, we find the 
following to give a fair statement of tho production of iron and steel in Bussian pouds 
(of 36*11 lb. English) : — 


Forge pig-iron . 
Foundry pig-iron 
Wrought pig iron 
Steel 


1871 1872 

21,932,082 24,374.966 

1,933,099 2,036.300 

16,368,476 16,368,476 

442,247 311,727 


1873 

23,464,307 

2,461.060 

16,686.387 

646,033 


4a 

The same authority tells us that in 1873 the furnaces in activity were as follows 


Blast furnaces 246 

Puddling furnaces 622 

Re-heating furnaces 700 

Fuddling and re-heating furnaces .... 20 

Refinery furnaces 840 

Steel furnaces 472 

Cupolas 191 

Air melting furiuu'es 88 


There wore 203 iron and steel works and 166 foundries in operation during the year, 
and these produced— 


Steel cannon and artillery requisites 

Iron cannon 

Iron and projectiles .... 

The foundries are reported to have made — 
Castings from cupolas 

„ from air furnaces 
„ not indicated 


16,686 pouds 
19,326 „ 

641,842 „ 


1,617.267 pouds 
471.867 „ 

461,936 


Total 


. 2,461,060 


Mr. Doria, in his report ‘ On the Tmdeand Commerce at the Fair of Nijni-Novgorf)d 
(in the ‘ Reports by Her Majesty’s Socretanos of Embassy and Legation \ gives 
some very exact information connected with th ) iron in.inufactures of the TJral and 
Viatka. The following w’eights of iron in different forms were imported from the 
foundries of the Ural and Viatka and sold : — 


Tesn 

FoudB of 36 lb 

Value 



Hllver Ronblee of S8<l. 

A «. 

1872 

4,622,000 

13,421.000 

1,846,387 10 

1873 

6.722.660 

16.377.000 

2,261,887 10 
2,108,812 10 

1874 

6,567,800 

16,966,000 


Mr. FuarHJKLM, the Russian Government Inspector-in-Ohief of the Mining and 
Metallurgical Works of Finland, in his official report for 1874, published at Helsingfors 
in June 1876, gives the following information 
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Yean 

Blast Fmniacos 

Cast Iron 

Wrought Iron 

ManufAfiureB 



Finlaud owt. 

Finland owt. 

Finland owt. 

1874 

22 

683,155 

384J44 

31.781 

1878. • 

22 

673.308 

847.752 

28,168 

Increase in 1874 

9,847 

86,992 

8.613 


The quantities of iron ore smelled in 1874 being — 

Jjilce oroH, equal to 69 ptT cent, of the whole 

Bog, equal to 4 per cent 

From Finland mines 

From Swedish mines 


Finland owt. 
1,192.127 
67,118 
16,740 
409,275 


Total .... 1,685,255 


The following information respecting the greatly increasing iron industry of Bussia 
has been obtained from the Economist p ; — 

*In 1674 the metallurgical establishments belonging to the State in the Ural 
Mountains, in the district of Olonetz, in the cast and west of Poland, and in Southern 
Bussia, produced 202.601 tons of cast iron, 8,994 tons of uuwrought iron, 1,161 tons 
of steel, 8,203 tons of war projectiles, 146 tons of steel for cannon, 241 tons of iron 
for cannon, 169 tons of armour plute, 46,095 sabres and bayonets, 5,735 muskets and 
locomotives, weighing 177 tons. In the single district of (ioroblogodatt, in the Ural 
Mountains, from 85,000 to 40,000 tons ot iron ore are extracted every year, and since 
1818 these mines have yielded 1,290,322 tons. The extraction is very easy, for many 
of the bods of ore are close to the surface and the quality is very good. The manu- 
facture of steel is also making rajiid progress, and several of the State establishments 
employ the Bksskmpii system, among others t.he cannon foundr}' at Obouchoff. near 
St Fi'torsburg. The great centrnl market for iron in Russia is Nyni-Kovgorod, to 
which the Ural mines alone send 100,000 tons every summer The iron is sent down 
the rivers Bulaya, Kama, Volga, and Tchuussora in barges, and as the navigation is 
> cry dangerous, many ot them are lost, especially on the Tchoussora The iron sent 
to Nijni- Novgorod has to pass tlirough three liands before it reaches the consumer, so 
that the price of it is very much enhanced. A great deal of the iron sold there is 
sent into the noiglilKiuring districts and to St. Petersburg, while at Riga and Odessa 
it has against it the competition of foreign iron and of that sent from the State 
establishments of Tombof, Kiazan, Vladimir, and Kalouga, which supply nearly all 
the south-eastern region. Further south the unwrought iron comes almost entirely 
from Laishef, in the province of Kasau. 

Swkukn. — There were, in 1875, 321 chnrooal iron furnaces built: 

104 were idle, 

217 in blast. ^ 

Production of cast iron being 7,712,778 Swedish tons, or 321,364 English tons. 

The details of production of steel in 1874 were as follows ; — 


Frovinoea 

Works 

Btcbbmkh 

Martin 

Others 

Total 

Vestemorrland 

1 

Cwt. 

Owt. 

Owt. 

191 

Owt. 

191 

Geileborg . 

8 

219,850 

— 

— 

219.860 

Upsala 

2 

— 

— 

3,608 

8.608 

5,487 

Stockholm . 

1 

6,437 

— 

— 

Kopparbeig 

8 


— 

8,811 

164,745 

Vestmanland 

8 

62.087 

— 


67,741 


6 

19,416 

— 

2,064 

21.481 

Vennland . 

8 

43,973 

2,003 

4,177 

51,058 

Klfalborg 

2 

— 

— 

6,262 

6,262 

Total 

33 

501,146 

2,903 

85,812 

539.863 


See Siats qf tke Iron Mafwftutwre in Sweden at the beginning of 1876, by Rxchabo 
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Akmrmak ; If<m Minea and Mining in the Norherg Mining Dietriot, by G. A, Obak- 
BTUSM, in the first part of the Jem Kontoreta Annalen for 1876. 

UifiTBD Statrs. Production of Pig Iron in net tone^ from 1864 to 1876> CompUed 
from Staiittioe procured hy the American Iron and Steel Aeaooiation : — 


Yean 

Anthraoite 

Cbarcual 

BltuniliiouB Coal 
and Coke 

Total 

1864 

Toni 

339.436 

Tour 

342,298 

Tone 

64,486 

Tons 

736,218 

1856 

381,866 

389,922 

62,390 

784,178 

1866 

443,113 

370,470 

69,664 

883,137 

1867 

300.386 

330,321 

77,461 

798,167 

186S 

361,430 

285,313 

63,361 

706.094 

1859 

471.746 

284,011 

84,841 

840.627 

1860 

619,21 1 

278,331 

122.228 

919,770 

1861 

409,229 

196,278 

127,037 

731,514 

1862 

470,316 

1 86,660 

180,687 

787.662 

1863 

677,638 

212,006 

167.961 

947,604 

1864 

684.018 

241,863 

210,126 

1,135,996 

1866 

479.668 

262,342 

189,682 

931,682 

1866 

749,367 

332,680 

268,396 

1,360,843 

1867 

768,638 

341,341 

318.647 

1,461,626 

1868 

893,000 

370,000 

340,000 

1,608.000 

1869 

971,160 

392.160 

663.341 

l,916,64r 

1870 

930.000 

866,000 

670.000 

1,866,000 

1871 

966,608 

886.000 

670.000 

1,911,608 

1872 

1,369,812 

1,312,764 

600,000 

984,169 

2.864,668 

1873 

677,620 

977,904 

2.868,278 

1874 

1,202,144 

676.667 

910,712 

2,689,418 

1876 

908.046 

410,990 

947,646 

1 2,266,681 

1876 

794,678 

808.649 

990,009 

2,093,236 


Since 1866 anthracite has been the loading branch of the American pig'iron industry, 
and since 1869 charcoal has been the least productive. In 1876 tor the first time the 
coal and coke pig-iron production was greater than that of anthracite. 


The probable ConeumpHon qfPig Iron in the United States in 1872, ’78, '74, 76, 
and ’76 


Oommeiolal Movemont 

1871 

1878 

1878 

Production 

Importation 

Net Tone 
1,911,608 
245,636 

Net Tone 
2,854,668 
296,067 

Not Tone 
2,868.278 
164.706 

Total supply .... 
Exportation 

2,167,143 

2,830 

3,160,626 

1.477 

8,022,986 

10,108 

Total consumption . 

2,164,813 

3.140,048 

8,012,888 

Commerolol Movement 

1874 

1878 

1878 

Production 

Importation 

Net Tons 
2,680,418 
61,106 

Net Tone 
2,266,681 
66,467 

Net Tons 
1,042,101 
26,660 

Total supply .... 
Exportation 

2,760,678 

16,039 

2,883.088 

8,788 

1,070,070 

8,660 

Total consumption . 

2.784,680 

2,824,800 

1,067,111 
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Ambkioah iRoir Trade. 

lYodueiion of Tig Iron of all Kindt ^ dutinguiahing th« Diaiticta and Kinds of Imn 


Stafcw 

1879 

1878 

1874 

187A 




Anturacitk Ikon. 







Net Tons 

Net Tons 

Net Tons 

Net Tone 

MaBsachnsetts . 




4,250 

6,432 

10,214 

11,140 

New York . 




271,348 

267,489 

208,428 

254,035 

New Jersey 




10‘b858 

102,341 

00,150 

64,069 

Pennsylvania 




068,153 

913,085 

775,008 

554,992 

Maryland . 




21,908 

20,407 

22 344 

15,840 

Virginia . 




— 

4,000 

6,000 

7,070 

Total 

• 

. 

• 

1,800,812 

1,312,764 

1 202,144 

908,046 


Bituminous Coal and Comb Ikon. 



Pennsylvania 




888,011 

430,634 

497,147 

371,401 

MarylLid . 




12,079 

6,264 

7,209 

1,751 

Virginia . 




— 

— 

— 

7,519 

No^ Carolina . 




— 

— 

— 

— 

Georgia 




— 

— 

5,616 

12,685 

Alabama . . 




— 

— 

— 

— 

West Viiginia . 




19,846 

21,106 

26.734 

21,177 

Kentucky . 




27,697 

27,670 

21.583 

20,060 

Tennessee . 




8,360 

8,602 

11,543 

10,300 

Obio . 




804,121 

305,531 

332,166 

358,022 

Indiana . 




39,221 

32,486 

11,632 

20,381 

Illinois 




78 627 

55,706 

37,946 

49,762 

Michigan . 




13,382 

P5n 

7,693 

13,000 

Wisconsin . . 




37,246 

35,268 

21,819 

36,656 

Missouri . 




55,569 

46,016 

26,724 

19,931 

Total 

. 

. 


984,159 

077,904 

910,712 

047,545 




Chabcoal Iron. 



Maine 


« 




780 

1,661 

2,046 

Vermont 


e 


2,000 

8,100 

3,450 

2,400 

Massachusetts . 




12,820 

16,704 

17,777 

10,115 

Connecticut 




22,700 

26,977 

'14,618 

10,880 

New York . 




19,812 

29,329 

28,298 

11,406 

Pennsylvania 




45.038 

45,854 

40,978 

34,401 

Maryland . 




29,044 

30,315 

25,003 

21,160 

Vii^nia . 




21,445 

22,475 

23,451 

15,896 

No^ Carolina . 




1.073 

1.432 

1,340 

800 

Georgia 




2,945 

7,501 

4,270 

8,823 

Alabama . 




12,512 

22,288 

32,863 

25.108 

Texas 




619 

280 

1,012 

— 

West Virginia . 




950 

1,950 

3,100 

1. 100 

Kentucky . 




89,699 

42,219 

36,644 

22,270 

Tennessee . 




34,094 

84,532 

87,227 

18,011 

Ohio . 




95,622 

100,496 

92,885 

61,071 

Indiana 




— 

— 

2,100 

1.700 

Michigan . 




86,840 

113,075 

126,969 

101,605 

Wiseonsia . • 




27,790 

88,880 

28,978 

25,463 

Missouri . 




45,689 

80,536 

49,093 

80.786 

Oregon . • 





— 

2,500 

1,000 

Ut2 

1 





— 

200 

150 

Minnesota . 

1 



— 

— 

— 

— 

Total 

4 

. 

. 

600,587 

577,620 

576,557 

410.090 
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sutw 

1873 

1878 

1874 

1876 

1 Rhcapitulation. 




Net Tons 

Net Tons 

Net Tons 

Net Tons 

Einda of Pig Iron : 





Anthracite .... 

1,369,812 

1,312,754 

1.202.144 

908.046 

Charcoal 

500,687 

677,620 

676,,W7 

410,990 

Bituminoas coal aud coke . 

984.159 

077,904 

910,712 

947,545 

Total 

2,854.558 

2,868.278 

2,689,418 

2,266,581 

1 PhODUCTIOM' IK Ckutain Disthicts. 


Pennsylvania : 





Lehigh Valley 

449,363 

389,969 

316,789 

280,360 

Schuylkill Valley . 

232,225 

236,409 

232,420 

123,184 

Upper Susquehanna 

127.26U 

120,304 

88,243 

71,731 

Lower Susquehanna 

159.805 

167,403 

137,556 

79,717 

Shenango Valley . 

160,188 

160,831 

166,419 

137.025 

Pittsburgh and Allegheny Co. 

110,509 

158,789 

148,660 

131, H56 

Miscellaneous coke . 

117.224 

111,014 

97,068 

102,620 

Ohio: 



Hanging Rock coke 

23.169 

28,601 

26,015 

36,899 

Mahoning Valley . 

152,756 

136,072 

121,403 

115,993 

Miscellaneous coke 

128,196 

139,958 

184,748 

201,g,30 

Hanging Rock charcoal . 

87.440 

92,365 

86,873 

67.413 

Miscellaneous charcoal , 

8,182 

8,133 

6,962 

4,568 


l^rodiwtion of all Rolled Iron tn Vte Unitbi> SrATKS. 


States 

Bor, Angle, Bolt, Rod. and 
Hoop Iron ' 

Total Rolled Iron 

1878 

1874 

1876 

1873 

1874 

1876 


Net Tonf 

Not Tons 

Net Tons 

Net Tons 

Net Tons 

Net Tons 

Maine . 

4,710 

3,994 

3,700 

21,210 

18,644 

8,100 

New Hampsh're . 

300 

300 

1,000 

300 

300 

1,000 

Vermont 

— 

— 

— 

6,()SR 

10,400 

6.204 

Massachusetts 

44,490 

40,324 

40,336 

118,669 

100,600 

09,712 

Rhode Island 

8,000 

7,170 

6,648 

11,662 

10,616 

9,584 

Connecticut . 

11,409 

11,021 

9,618 

11,409 

11,021 

0,618 

New York . 

85,908 

70,600 

90,583 

154,782 

183,618 

181,606 

New Jersey . 

35,964 

24,645 

24.584 

77.688 

68,081 

55.249 

Pennsylvania 

383.556 

343 632 

300,784 

835,584 

798,109 

738.830 

Delaware 

8,274 

6,860 

0,316 

11.617 

11,818 

15,252 

Maryland 

1,960 

8,455 

6,279 

58,025 

68,891 

46,687 

Virginia 

7,462 

11,086 

12,744 

12,808 

] 6,688 

18,843 

Georgia 

1,840 

1,406 

3,360 

10,624 

9,467 

10,826 

Alabama 

600 

1,000 

1,000 

500 

1,000 

1,000 

West Virginia 

2,863 

1,600 

1,805 

51,706 

56,332 

64,290 

Kentucky 

26.675 

18,239 

13,936 

37.965 

34,548 

83,061 

Tennessee 

2,588 

1,573 

1,005 

16,561 

15,926 

13,745 

Ohio 

108.898 

94,413 

93,890 

272,066 

220,370 

237.591 

Indiana 

4,500 

7.376 

11,465 

36,006 

85.507 

44,078 

Ulinois . 

5,240 

2,500 

6,000 

143,017 

1 34,008 

200,676 

Michigan 

2.284 

4,207 

— 

8,542 

8,208 

3.450 

WisooDsin 

— 

276 

14,437 

30,495 

29,955 

42,840 

Missouri . 

7,608 

10,870 

10,144 

22,621 

86.387 

81,540 

Wyoming Territory 

— 

— 

— 

— 

1 _ 

7,000 

Kansas . 

— 

— 

— 

— 

, 2.000 

6,000 

California 

6.046 

0,205 

6,121 

7,420 

16,221 

14,194 

Total . 

705.904 

687,650 

668,755 

1,066.445 

1,839.560 

1,890.870 


* rjAtc and aheot iron, out naila oud Hplkea, oinlttod. 
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The productton of raile of all kinde in the United Statee einee 1870 : — 


1870 •••••• 


Net Tons 
620,000 


1871 ••••■• 


776,788 


1872 


1,000,000 


1878 


890.077 


1874 


729.818 


1876 •••*•* 


792.612 


1876 


879,629 


The production of BESsniu&B steel in 1876 : — 

In Pennsylvania, 6 Bbssxmsb steel establishments 

in operation. 


In Illinois, 3 „ 




In New York, 1 „ 

If 

$9 


In Ohio, 1 „ 

>1 



In Missouri, 1 „ 

II 

99 


I 

1874 

1876 

1876 

Pig-iron and spiegeleisen converted in . j 

Net Tons 

Net Tons 

Not Tons 

1204,362 

396,060 

639.474 

Spiegeleisen alone used .... 

— 

83,246 

46,980 

626,996 

Bxssbmbr steel ingots produced . 

191,933 

876,617 

„ rails „ ... 

144,044 

290,868 

412,461 


The Total Prodvctinn of Steel of Vanoue Kinds other than Bhssbmhr in 1876 


Districts and States 

Oruclble Stool 

Pnddled, Open 
Hearth,' and 
Blislor Steel 

Total 

New England 

New York 

New Jersey 

Pennsylvania 

Ohio 

Maryland and Tennessee . 

Total 

Net Tons 
1,003 
2,800 
6.806 
28,217 

700 

261 

Net Tons 
6,086 

139 

662 

16,148 

9,668 

214 

Net Tons 
7,188 
2.989 
7,468 
48,866 
10,268 

476 

80,382 

81,796 

71,178 


Tkmitbsbbb, U.S.— From the most trustworthy informatioD, the iron production of 
Tennessee (charcoal and bituminous coal) since 1871 is as follows: — 


BltnmlnouB Goal 


Oharoosl and Ooke Total 

1872 . . . 34,004 tons 8,360 tons 42,464 tons 

1873 . . . 84,682 „ 8,602 „ 48,134 

1874 . 87,227 „ 11,648 „ 48,770 „ 

1876 . . . 18,011 „ 10,800 „ 28,811 „ 

Boiled iron, excluding rails : — 

1878 2,688 net tons 

1874 1,578 „ 

1876 1,006 „ 


Out nails and spikes : — 


1874 18,210 kegs 

1876 9,796 „ 


About 800 tons of hamnered iron are made annually in eighteen Oatalsn fbiges. 
Bailroad iron is made only at Chattanooga in one establishment, which turned out 
12,260 tone in 1876. 

There are four distinct iron belts or areas in the State of Tennessee, occupying in 
whole or in part forty^four counties, excluding the Cumberland Tableland. 

(1.) The Eaetem Iron Kelt extends through the State and lies mainly in front and 


• SuiiBHS-MARTm Steel. 
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at the bane of the Unaka Mountains. This belt embraces the extreme eastern tier of 
comities, viz. Johnson. Carter, Washington, Green, Cocke, Sevier, Blount, Monroe, 
McMinn, and Polk ; to these ve may add Sullivan, irhich acyoins this belt on the 
Dorth-west 

(2.) The DyestonA Belt skirts the eastern base of the Cumberland Tableland, or 
rather of Walden's Bidge, from Virginia to Georgia ; spreads out laterallv from lU to 
20 miles into the valley of East Tennessee ; the Sequatchee and Elk vaueys are in- 
cluded. 

(8.) The Cwmherland Tableland is co-exiensive with the coal-measures of the State, 
and extends into Kentucky and Alabama. 

(4.) The Western Iron Bdt lies west of Nashville, or, say, west of the Central Basin. 
— All Address delivered before the Amf%eam Phtloeophtoal Society, New York, by 
Ajiium HawiTT. 

The Directory of the IroniDorks of the Unitkd States gives the following summary, 
•bowing the state of the iron and steel industries on January 1, 1876 : — 

Total number of blnst furnaces in the United States • • • 713 

„ annual capacity of above in not tons of pig iron .... 6,489,230 

„ number of rolling mills .332 

„ „ puddling furnaces 4,476 

„ annual capacity of rolling mills in net tons, finished iron . . 4,189,760 

„ „ „ rail mills in not tons, heavy rails . 1,940,300 

„ numlier of Catalan forges making blooms direct from ore . . 89 

,. annual capacity in blooms and billots in net tons .... 69,649 

„ number of bloomerios making blooms from pig iron ... 69 

„ annual capacity in net tons of blooms 60,200 

„ number of Bbssehbr steel works ^11 

„ annual capacity in net tons of steel ingots 60(),000 

„ number of Bessbmbb converters 24 

„ „ open-hearth steel works 16 

„ „ „ furnaces 22 

„ annual capacity in net tons of steel 46,000 

„ number of crucible and other stool works "9 

„ annual capacity in net tons of merchantable stnel .... 108,2.30 

„ quantity of crucible steel in the above in net tons .... 46,000 

Pio Ibon in the World. — T he following estimate has been made in Llie main by 
H correspondent of the Cdliexy Onardmn for December 16, 1876; it has, however, 
been tliought necessaiy to alter a few of the figures : — 

I Coat or Fig Iron by Countries I Years Omss Tons 1 Per Cent of Total I 


Great Britain . 

United States . 

Germany 

France .... 
Bolgium .... 
Austria and Hungary 
Russia .... 
Sweden and Norway 
Luxemburg 

Italy .... 
Spam .... 
South America and Mexico 
Ganada .... 
Japan .... 
Switzerland 
Turkev in Europe . 

All other Countries . 


Years 

Omss Tons 

Per Cent of Total 

1872 

6.366,462 

44'05 

1876 

2,023.733 

16‘1H 

1874 

1,760,000 

18 18 

1876 

1,416,728 

10 62 

1874 

613,666 

4-60 

1874 

400,000 

3 00 

1873 

417,664 

31 3 

1874 

326,061 

2*42 

1872 

184,673 

1 38 

1872 

26,000 

•20 

1870 

63,112 

•40 

— 

16.000 

•11 

— 

10.000 

•08 

1871 

9.370 

•07 

1872 

7,600 

•06 

— 

26,000 

•19 

— 

60.000 

•46 

— 

13,828,786 

100-00 


The production of Great Britain in 1876 was 6,666,097 tons, value 16,062,1921. 
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S&ACX. See Bbukbwiok Bx^cz. 

JAMlbov. See Zmooif. 

JBT. (VoL iii. p. 8.) Of late the chain of hille from Inglebj Greenhow toirarde 
Northallerton have been the chief places worked for jet, and at present the inner 
sides of the hills converging into Billsdale furnish the bulk of the jet now sent from 
Cleveland 1!0 the chief seat of manufacture — Whitby. Along the coasting clifBi jet is 
sought by what is called ' dressing/ or literally quarrying down the seaward face of 
the cliflT, and some valuable coastside seams have been discovered by the action of the 
sea, but in the hills tunnelling, much in the manner of the Cleveland iron mines, but 
in a less systematic mode, is carried on. Generally a drift is run in for about 80 yards 
nearly level ; the shale and earth being run out and tipped down the face of the hill, 
b'rom the drift cross sections are cut about 150 ft. in length, and in these the miners 
pull down with pick and shovel the earth, retreating before it till each way is thus 
worked out. The mode of working the mines is peculiar : it is neither by royalty 
on output nor on lease of pits, but it is by payment for the right to work from a 
certain area of foreground — usually 200 jraras — to any depth, the number of men 
t)eiug restricted to six on an average for the length of foreground stated. Three years 
Bgo in Billsdale alone there were aliove 200 jet miners thus at vrork, with a few 
companies near Guisborough additional. Now, through the decline in the demand 
and the importation of Spanish jet, the number is less. The mode of payment of the 
miners vanes ; in one or two instances the amount realised by the sale of jet, after 
the payment of ground rent, is equally divided amongst the fine workers and the ‘ jet 
innstur ’ who has furnished the capital ; in another the co-operative system has been 
tried, tlie men receiving a certain amount of subsistence money, and equal shares in 
half of the net receipts, the romaiiiiug half being the master's remuneration ; but the 
bulk of the miners receive a weekly wage, and they prefer this system. Hence the risk' 
is generally the jet master’s, and though the price of jet has been high — in some cases 
as much as 16 j<i per lb. bus been paid for choice specimens — yet when it is remembered 
that the price is a fiucbuating one, that the quantities found are usually small, and 
that they are lessened by the ' doggers’ found in the seam and by the dazed jet — that 
which will bear no polish — it is a hazardous speculation. Whitby is the seat of jet 
'manufacture.' The first process is— after the removal of the ‘scar,’ dirt, 8tc. — the 
sawing of the block into sizes suited to the objects for which it is to be used, and then 
the rubbing of it on small ^ndstones, driven rapidly by a treadle. It then posses 
into the carving rooms. Here, with small leather- hound chisels, the pattern is cut, 
foot lathes cutting the holes in flower pieces, &c., and of late the artistic nature of 
these cuttings and carvings has been greatly improved. After tins cutting the carved 
goods are polished, wliirh is effected by their being held against rapidly revolvinff 
wheels, which arc covered with chamois leather, the hollow parts being rubbed with 
strips of list, the polish being given by lampblack. The value of the jet trade to 
Whitby has been os low as 2U,000/. per annum, but probably now (1876) tUe produce 
of this manufacture will be near 100,000^., whilst the number of persons employed in 
Whitby in the trade is said to be above 1,200. 

JVWBA aSAir, See Mimosa Sxbp. 

JVirco. {Juneus, ‘ the rush.’) The steins of several species are coLlacted and 
prepared in different countries, the pith to form csndle wicks (hence the rush-light), 
and the preparation of fibres and the manufacture of mats. Bee Tbxtiib Matbbiaim. 

JUTS. (Vol. iii. p. 11.) Considerable difficulty has attended the cleansing of the 
heavy root ends of jute. A machine ior effecting this desired end has lately been patented 
by Messrs. M'JKbakk and M'Ghath in this country and in India. The idea has more 
t^n once presented itself to several people why the process of ' snipping ’ could not be 
used in India for removing the whole of the root or butt, for the gain would be great 
inasmuch as instead of a * cutting,' only useful for paper-making, the root would be 
converted into tow — s.a., cleaned and split fibre, like so much wool — and the pointed 
end would be left on the long stii'k. Some of the present make of machines have 
actually been sent out to India for this purpose, but were found quite useless owing 
to the small quantity each would do per aay, whioh would not suit the lequiremente 
of this enormous trade, especially as the great bulk of it is done in six memths of the 
year. This new invention claims not only to have entirely overcome this diflAeolty, 
but to fncilitate the work by reducing the rnsnual labour to a minimum. It is sud 
to take the strick in the site in which it is baled, and by one opention thoroughly to 
* snip ' or comb off the root end, twist the strick, and double it in two reedy for tho 
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prem, and, although remarkably easy to drive, nrill pass eight or ten times the quantity 
an ordinary snipping machine can per day. To sum up, the advantages claimed by 
the inventor, Mr. M'KicaNK, for this machine are — 1. Increased production, or quantity 
of jute snipped mr day ; 2. Greater regularity of work both in quality and quantity ; 
8. Increased value to the spinners of jute snipped, over jute cut ; 4. Increased value 
of tow over cuttings ; 5. More jute will l)e snipped, than it will pay to cut,— owing 
to the low value of cuttings ; 6. No baling of cuttings or tow, as all the latter should 
be consumed by local mills ; 7. More jute can be put in the bales, and be no more 
tightljjr pressed, owiug to the bulky coarse ends being removed ; 8. By the process of 
snipping the tow can be separated according to quality, which varies with the jute 
from which it is taken, ana sold at its relative value. 

In 1876 we imported from British India andBurmah 3,404,988 cwt. of jute, valued 
at 2,670,192^., and from other countries 11,634 cwt., valued at 6,820^., giving our total 
importation as 3,416,617 cwt., and total value 2,676,612/. ; and of jute yarn and waste 
we imported 1,620,078 cwt., valued at 64,661/., principally from h^rance. 


K 

XAimTf OMms ASni CAXiCZVSD. The name given in the trade to the 
potash salts. Kainit is used largely in the manufacture of artificial manures. 

JLAZWITB, properly Gcknitk, from Kcuvdt, recent, A potash salt found at the 
Stnssfurt Salt Mine, along with kieserite and carualite. Danck regards it as nothing 
more than impure picromerite, the analysis given by Bbicuardt being— 


Sulphuric acid 39*8 

Magnesia 9*9 

Potash 23-6 

Water 26 8 


This analysis was made on Bbtchardt's schonite, a salt obtained by separating the 
chloride of magnesiult from kainite by means of alcohol. 

The name Katnite was given by Lincxen to the sail found at Stassfurt It has been 
analysed by Giiaf {Berg- und Huttenmdnnische Zeifung, xxiv. p. 288), by E. and II. 
Bkicuakdt (Jahrbtich fiir Mtneralogie, 1866, p. 337), and by Philip {ZeUschrift der 
deutachen geol. GeaeUaohaft, xvii. p. 649). 

The DiAMOfTD Borino Company are reported (Doccmlier 1876) to have discovered 
an immense deposit of this kainite in Germany, which it is expected will be exceed* 
ingly valuable, on account of the potash salt. 

One part of water at 17^ dissolves 0'467 part of anhydrous crude kainite; the 
density of the saturated solution is 1'256. — Von TTattkr, Jahrh. gad. Reickaanafalt, xx. 

According to A. Jacot, the beds of Kalusz yield more than 81,100 kilos, of the 
chloride of potassium daily. — Couiptea Reitdua, Ixxiii. — A Dkivonary of Chemistry, 
2nd Supplement, Watts. 

XAOUV> China or porcelain clay as a clarifying aqent. The Centralhlatt fiir 
Agrikultur-Chemie for January 1876 contains a note by Hoff, denying the state- 
ment of Mack', that kaolin used to clarify wine attacks its red colour more Uian a corre- 
sponding proportion of gelatin or isinglass. He says below 10° 0. the action of kaolin 
is imperfect. 

Much has been said respecting the superior character of the porcelain clays of 
China. The following analysis of a kaolin from Sikang, in China, will be interesting: — 


Loss by ignition 



. 11*2 

Silicic acid . 


, , 

, 60*6 

Alumina 



. 33*7 

Ferric oxide . 



1-8 

Mngnesia 



0‘8 

Potash . 



1*9 


By A. Hbintz : Dinolbr’b Jowmol, eezzL 

Cornwall in 1876 produced 106,276 tons, and Dhvonshirb 26,000 tons, 
xaucaezra. Ths red oxysnlphide of antimony. See Antimont. 
UAoavn. Nrw South Walbs. Kerosene Shale.^This mineml is ibnnd 
Abundantly in the coal measures of New South Wales, usually in the form of mbre or 
less lenticular deposits. 

In colour the mineral varies from brown — sometimes a greenish brown — to jet 
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blAok. It uraally ireathen white ; and ae the suxfacee of the joints are also ooeted 
with a thin fllio of a white elaj-like substanoe, the mineral m sometimes termed 
* white coal.* The firacture is large eonohoidal. When struck it gires out a woodv 
sound. Can be cut by the knife into oomparativoly thin shavings. Gives a black 
shining streak and a Imwn powder. Thin sections, under the microscope, show an 
amber, -brown, and black reticulated structure. The brown portions are those which 
transmit the light, and the black are the opaque portions. Mr. E. T. Nbwtoii, assistant 
naturalist to the Geological Survey of England, has recently written a valuable and 
interesting paper upon the microscopic structure of the so-called white coal and 
tosmanite of I^mania. See Qeol. September 1875. 

Different samples vary very much in composition. From analyses made by Pro- 
fessor A LivBBBiDOH the following results were obtained 


Moisture 

Volatile hydromrlmns 
Fixed carbon 
Ash (grey) . 


Moisture . 

Volatile hydnicnrhoiiR 
bixed carbon . 

Ash (grey) 


Moisture . . .*1 

Volatile hydrocarbons j 
Fixed carbon . . 

AhIi . . . 


Wollongong,^ 

82-50 


Specific gravity » 1-052. 

Some of the Hartley shale has been known to yield as much as 180 gallons of crude 
oil per ton. 

Some specimens from Hartley give on fracture very long flexible concavo-convex 
flakes, ^ain, some shales bko those fbom Mnrrurundi are full of little specks of a 
white aluminous pipeclay-like mineral. 

A very similar e^le is found in New Caledonia ; the physical properties are Bimilar,^ 
and the chemical composition is shown by the following analysis : — 

Moisture . . .\ 

Volatile hydrocarbons j 66 i7 

Fixed carbon ..••••. 8*71 

Ash 26-12 


lOO'OO 

Speeiflo gravity ■ 1*288. 

The kerosene shale, when heated in a tube, neither depreciates nor fhses, but there 
distils over from it a mixture of gMeous and liquid hydrocarbons. 

It is found at Stony Creek, Berrima, Wollongong, American Creek near Murnirnndi, 
Greta, Lake Macq uarie, and Hartley. 

MZHSIUras {IfydroBvlnhaU of Magnuimn), A mineral fbund in the rook salt 
of Hollstatt by A. Sikont. it forms about 12 per cent, of the refuse salt {AbraumBolz) 
of Stassfhrt. It is used for washing wool, and for the preparation of ‘ pennanent 
white ’ by precipitation with the chlonde of barium. Glauber salts are alio manufac- 
tured firom it — H. GnihraBBino, Jkut, Chem. Geo. Ber. 

XI&ftAa. (Vol. iii. p. 17.) A considerable number of the cla^-slate rooks of 
Cornwall have been analysed by Mr. J. A. PHiLLrps. Typical killas is a grey-bluish 


Vol. IV. 


> Bj Prof. &XLUIUV. 

LL 
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grey, or gHeniah-grey slate, and when weathered is brownieh-yellow or buff. Its 
typical composition is— 

HH) 4 08-S10* 60-42 P«0* 0-21A]®U>20-835Fo*O»l-89Mn>O«0-41 CaO l*7lK>00-77 

Na*0 1-65. 

Philosophical Magame, (4) xii. 

JKJBRVliFZjr, a mineral found in Bamle, in Norway. The composition corre- 
Hponds with the formula 2Mg*( FO^) + OaFS a small portion of the calcium being 
replaced by sodium. — ^Jf'. v. Kobblb, Jour. p. Chem. 

XWBBlIliZTlI. This mineral has long been known as occurring at the 
Daunemora Iron Mines. It has recently been found m large quantities in the iron 
mine of Hiliaig, Dalarue, Sweden. Analysis shows its composition to be — 


SiO* 38-14 . FeO 40-96 MnO lQ-36 CaO 6 36. 
xumn OXB. See Candle Nuts. 


Chem. Centr. 


L 

l^MBAT POBPBTBT (a local wm£). A beautiful ornamental stone, which is 
found amongst the Silurian roclu, and has evidently been intruded before the Old Rod 
Sandstone period. It has a dark green base, enclosing pale green crystals of ortf^o 
clase, often an inch in length. The dark colouring matter of the base is due to 
minute crystalline grains of magnetite, with a little chlorite. 

BAMP, PBVBnBBT. The plummet lamp, for surveying in mines, is the in- 
vention of Eckxjbt B. Coxh, of Drihon, Luzerne County, Pa., United States, and was 
brought Wore the meeting of the American Institute of Mining Engineers at 
Bethlehem. This was improvod upon recently by Mr Coxa, and brought before the 
Association at St. Louis. The following is from Mr. Ecklky B Coxa’s paper:— 

* Mining engineers, who are in active practice in those districts where fire-damp is 
mot with in the mines, know how dangerous their work is when they are called upon to 
survey such mines, particularly when they are obliged to run lines in those parts of the 
mine which have been unworked, since by oponing of doors and brattice to get the sights 
they are liable to disarrange the currents of air, and cause any fire-damp that may 
have accumulated in the old workings to find its way into the levels where the party 
is at work. It is, therefore, very dangerous to leave an open light (such as the 
original form of plummet lamp) in an old breast or gangway, even when the safety 
lamp has shown that no fire-damp is present ; for the opening of the doors, &c., may 
drive the fire-damp to the light, and thus endanger the lives of the engineers. 

' The improved form of plummet lamp 2396) can be used either with or without 
safety apparatus. Upon the top of the plumb-bob portion of the lamp a screw is cut, 
upon which a rifig, a, is screwea 0^. 2396). On the external eylindncal part of this 
ring two small oonic^ holes are dmled, 180° apart. The compensating ring, by which 
the plumb-bob part of the lamp is suspended, passes over the riug, a, and is Astened 
to it by two small screws having conical points, which fit into the conical holes in the 

*%he safe^ apparatus resembles, to a certain extent, that of the Mubsbxab lamp. 
It consists of a ring, b, and plate, c, which are united by four rods. The plate* o, Ias 
a cylindrical bole in the middle, and four apertures distributed radially around it. In 
the cylindrical hole is fitted a conical brass chimney, which projects below the 

plate, c, and is festened to the latter, being kept vertical by four wire braces or stays, 
which are soldered to the top of the chimney and to the outer edge of the plate, o. 

* The top of the chimney terminates in an inverted frnstrum of a cone, wMeh is 
made hollow, and is drilled fhll of small holea The inside is lined with one thidcBsss 
of wire gauss. On the upper part of the cone is screwed a brass cap, d, oompo^ 
wfiM nly a brass ring ana wire ^use ; the smoke and the products of combustion 
pass out through the latter. Thu can must be cleaned froxn time to time (three to 
tra hours), depending upon how much the lamp is used, and how much it smokes. 
It is well to cany an extra cap in the pocket, which can be |>ut on when the dirty 
one ie ti^en off. An ea^ way to dean the cap is to allow a jet of steam to blow 
through it The four radial apertures in the plate, o, are also covered by two thick- 
Besses •of win gause. Between the top of the plumb-bob and the bottom of the 
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piftte, c, and inside of the four vertical wires, is inserted a ejlinder of glass. When 
the safety apparatus is to be used, the compensating ring is removed ^m the ring, 

2395 2396 





9 o A, and placed upon the plate, o, which has two conical 

o fi hnles corrosponding to those in the ring, A ; the ring, 

0 ’ ^ , 8 A, IS unscrewed from the top of the plumb-bob, and 

9 ff W screwed on in its place, with the glass 

t / u X cylinder on top of the plumb*bob. As the ring, B, is 

SCI owed up, the glass cylinder is clamped between the 
M ^ plumb-bob and the plate, c, making nearly an air- 

|D — I ft l - a^ tight joint , the lamp, having been lighted before the 

MM || safety apparatus was screwed on, is now ready for use. 

II The air passes down through the four radial orifices in 

r u, II the plate, c, which are covered with two thicknesses 

I of wire gauze, is heated by the flame, and rises through 

I ’I the chimney, passing out through the wire-gauze top. 

I j| 'The glass is thick and well annealed. I have al- 

I- I J lowed the lamp to burn nearly an hour, until the glass 

\ / wos quite hot, and then thrown cold water upon it, 

\ / without producing any effect whatever on the glass. 

\ / The wick should not be high, as a very short one 

\ / gives light enough, and not mucb smoke. The beet 

y kerosene (of as high a test as possible) should be used 

in the lamp, since the latter gfks warm. The t(» of 
the wire-gauze covering of the chimney becomes more or less clogged with lampblack, 
which can be removed from time to time with a fine brush.’ 
liAllfF, BAVarr, for mines. See Safktt Lamp. 

liAmo&FHZA riiOXZBA. The name of a creeping plant growing on the 
West Coast of Africa, from which a large quantity of india-rubW is eollectM. See 

iKDIA-RmiBBB. 


&AVA. (VoL iii. p. 40.) *A Report on the Chemical, Minsralf^cal, and 
Microseopioal Lavas of Vesuvius, firom 1631 to 1868,’ by the Rev. Saicttbl HAHOBTOif 
and PPofessor Edwabu Hutx, appears in vol. zxvi. of the Transaations q/* tk$ Royal 
Irish Aoadmy, from which the following analyses have been abstracted. It ^ould 
be stated that the chemical and mineralogical part is by Dr. Hauohtow, aided in the 
Himlyses by Mr. Wm. Eably, while the microscopical portion is bv Mr. E. Hull. The 
minerals found by the latter to be present in all lavas are leucite, anorthite, augite, 
mametite, and nephelite, and in many of them traces of sodalite, olivine, hornblende, 
and mica ; in seve^ saaidine, and in a few apatite. 

In the discaBBum of the chemical results with reference to the proportionB oS their 
mineral constituents. Dr. HAuaHTOW, by a simple mathematical method, obtains the 
maximum and minimum of the amount possible for each oonstitnent. ^ The prabablf^ 
proportions of some of the constituents arc then deduced foom their relations in 
composition, and a mean possible value obtained for the rest 

L L 2 
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liieAT) and lead ore 


The amount of * poBte ' is nrriTed at through the aesumption that * of the numeroua 
possible solutions, that will be the occurring one in nature which involves the largest 
amount of definite minerals, and the least amount of indefinite paste.’ 
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6-6 
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laAVAX-CATBCRir. A new dye drug, introduced to the trade by a German 
house (l*uiKRiKu). See Dvrs 

&AZVUT1I. (Voi. 111 . p. 46 ) This mineral has been found in consideriible 
quantities in Canada. 

ZillAB AVn BBAll ORB. CAyADA. Galena occurs in nearly nil the loca- 
tions around Lake Superior. Especially it is found at Silver Lake, at a distance of 
about 6 miles northward from the head of Thunder Bay, and at an elevation of 
600 feet above Lake Superior. The remarkable vein wliich occurs at this place has 
been thus described by the Giohgical Swriny of Canada : — 

* A short distance to the west of it there is an enormous brecciated vein, some 250 
feet in width, composed of musses of the country rocks, cemented together with quartz, 
and some barytes and calcspar, and holding small quantities of galena, copper and 
iron pyrites, and blende. Tins has been traced for about three miles. In approaching 
Silver Lake it contracts ratlier abruptly, but sends out several branches to the east- 
ward, of which four or five have been followed for considerable distances, and are 
found to be much richer in galena and blende than the great vein. The latter is on 
the line of a dislocation, which increases in going west, and appears to die out to the 
eastward. The downthrow is on the north side, and brinm the indurated calcareous 
marls of the Nipigon series on that side down to the level of the iron-ore beds (at the 
base of the series) on the south side, amounting to 41)0 feet or upwards on this loca* 
tion. The gangue consists of calcspar, with some quartz and barytes, and holds a 
good proportion of galena and blende. This ore is found in Black Bay, St. Clair 
Location, Fointe-auz-Miues, Limerick, and Loughborough, Ontario. 

*The countiy rock at the Frontenac Lead Mine consists of greyish and reddish 
gneiss, interstratified with thick bands of crystalline limestone, all striking NNE. and 
SBW., and dipping to the westward at a high angle. The vein cuts these at right 
angles, and at the surface has a slight underlie to the north, although at a depth of 
60 feet in the main shaft it becomes vertical. The veinstone consists of calcspar, 
generally showing a banded structure, and, in addition to galena, containing small 
quantities of blende, and iron and copper pyrites. The galena occurs in scattered 
bunches throughout the whole vein, but appears to be most abundant towards the 
north wall.' 

Japan. Lead glance is found in many parts of Japan, but it is nowhere worked to 
axy great extent ; the native method of working is so ve^^ incomplete, and the lead 
mines have not yet been venturad upon by foreigners. There is a fine vein, 4 feet 
wide, containing go(^ lead ore, in the Hosokura Mine, near Kawaguchi ; but, as the 
water has got in, it ie nearly abandoned — the natives have not si^cient machine^ 
for pumping water out of mine. There is another lead mine at Hak6oean ; the vein 
ie rich in good ore, but not more than 8 tons are produced annually, for the air ie 
rery bad, and no means of ventilating have yet been adopted. There is only one other 
lead mine of any account in Japan, and that is situated in Omi : this also is worked 
aoeording to the native idea — levels are driven into the side of the hill, and the water 
ie got xid of by means of an adit ; the levels driven entirely without method or fore* 
thought ; the harder parts are broken down with gunpowder. The vein dips at a 
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high angla ; it is wide, but the lead only occurs in thin straggling reins, or in pockets 
The ore is galena, intermixed largely with iron ore, magnetic and arsenical 
pyrites, containing also mispickol, and occasionally copper pyrites. The lead is very 
p()or, yielding in Uie furnace only from 4 to 6 per cent, of metal, and this yields 8 per 
cent, of silver. . A richer vein has also recently been struck ; this, 1 hear, yields 69 
per cent. *of lead' and 125 ozs. 8 dwts. of silver per ton of ore. 

It is rather to be wondered nt that the lead of Japan is not more worked, for it is 
of fairly good quality, and in some quantity; but in the year 1874 only 186 tons 
(worth 4,343Z. 12s. lid ) wore produced, while in 1873 the Japanese import>fd no less 
than JJ'84,698 worth, in English money 17.644/ 7s. Qd.^Consular Report, 1876. 

A few months (1876) ago Mr. Gesuts read a paper before the Asiatic Society of 
Japan on the above subject, in which among other things, he said that Japanese 
history did not mention the year when lead was obtained for the first time in Japan. 

Lead IS a metal not much used by the Japanese. The reason for this cannot be the 
want ot ore, as h.is wrongly been stated by many authors, for we have the best proofs 
(continued the author) tlint galena is far from being rare in Japan. The ores in which 
lead occurs in Japan are — 

1. Cfalma, or irad glance (sulphide of lead). — We have seen several varieties; the 
finest kind consists of crystalline aggregates of large cubes, which readily cleave in 
directions parallel to their faces. It is found frequently in the same veins with copper 
pyrites, and contains often a small quantity of sulphide of silver. The extraction of 
load out of this mineral is efTected by a roasting process, nearly similar to the old 
western method. In many samples wc found a small quantity of silver. The largest 
amount of silver wo found in lead glance is about 1 per cent , according to the 
Japanese works on this snbjicf. Qalena is found in many places in Japan, but still 
the quantity ot Itad produce I by the Japanese has heeu small up to the present time. 
It IS not easy to undfrstand why lead metal has lioon and is still a regular article of 
import from Kuropo. It is true har iron is also an artude of import, although good 
iron ore is .ibundnnt m Japan, but this anomaly is caused by the difficulty of smelting 
good bar iron out of tlic ores, which is not so with the extraction of lead out of galena. 
The latter process is much easier than the extracting copper out of copper pyrites, or 
iron out of iron minerals. 

Load glance occurs in the following provinces of Japan : — 

Good ore, with 1 q per mille silver— ITigo (south-east part of Oshobata). Containa 
silver — Hiuga (Go-gun Sugiki), Sntsuma (Jiu-ni-ppin^, Bungo (Haebi-gun, Uwagay- 
ama). Togetlier with copper pyrites — Bichine (Jiu-ichi-gun), Bingo (Jiu-shi-gun), 
8awo (Koku-gun), Kii (Shichi-gun), Kikumn (Jiu-shi-gun), Cho-shu (Hagil, Bikuchu 
(Jiu-gun), iSendiii (?), Yechixen (Hachi-gun), Iwami (Gin-san), Yechiyo (Shichi-gun), 
Yezo (near Hakodate) (a), Dewa (A^ta, Kuwachidane), Mino (Ni-jiu-ichi-gunl, 
Musashi (Ni-jiu-ni-gun). Coutains much silvor (1 per cent.)— Hida (San-gun), 
Iwashiro (Ku-gun). 

Although galena is the only load mineral used in Japan for smelting lend, there 
are still some compound ores to be found, of which the following occur in the largest 
quantity : — 

2. Lend Antimony Orra, several varieties: — Jamesonite in 15ng radi.ited, fibrous 
crystalline masses, of a leadon-groy colour. Plagionite or Rosenito in granular 
aggregates or amorphous mosses, of a dark block-grey colour. Hetermorphito or 
antimony feather ore in fibrous aggregates, of a dark grey colour. 

All these minerals contain leaf antimony, and sulphur as chief elements ; often 
some iron and other impurities They seem to be found at very many places in Japan. 
We received samples from Higo, Ohobata, Higo, ilitoyashi, the island of Araakusa, 
Hiuga, and Sntsuma. These ores have no practical value, because it is too difficult 
to separate the lead from the antimony by melting, and also because lead and 
antimony are found in better minerals, ns galena and antimony glance. 

The metallurgy of lead is thus conducted: — The galena is first separated by 
mechanical treatment from the foreign stones, afterwards coarsely powdered and 
heated in a globular loanw fhrnace, the interior sides of which are covered with a 
layer of fireproof clay. The bottom of this fhrnace inclines conically, so that the 
smelted metal runs to the point in the midst, and can be received there. The tubes 
of two bellows reach through opposite openinn in the side of the furnace. Wood is 
used as fuel. When the jnlena is fhsed it is CTPverted by the air of the bdlows, 
partly into sulphate of leaA and partly into lead metal, whilst a portion of the sulphur 
escapes, together with the products of combustion, as sulphurous acid. Immediately 
afWwards this portion of metallic lead acquires oxygen, and is thus converted into 
oxide of lead. Another portion of the galena remains unaltered. After this roasting 
process the second operation commences. A fresh supply of fuel is thrown into the 
nimace, eansing a greater Iiaat. in order to convert both the sulphate of lead and 
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the eulphide of lead into metallic lead and Balphnrona acid. The fluid metal is then 
collected into the receiver and cooled. The lead thus obtained is veij impure, and 
contains still a large amount of oxide of lead, and some sulphide of lead. It is melted, 
therefore, again in a smaller furnace vnth some charcoal, in order to reduce the oxide 
of lead. The sulphide of lead rises with other impurities to the surflice of the molted 
lead, and is scooped away carefully. The pure metal is then Anally cast into small 
iron cans, or into sheaves and cakes. 

Missonnr. The lead-mining region proper of South-east Idissouri is embraced in 
an area ot about 26 miles in width by about 100 in length. The country embraced 
in this district is very broken, and traversed by ridges from 100 to 800 feet in 
height, with an occasional knob rising higher 

Porphyi^ forms almost the entire substructure of the region, with here and there 
outcrops of ^nite. Tho crystalline rocks wore eroded into ridges and valleys before 
the deposition of the limestone took place. These porphyries are older than the 
Silurian limestones. 


Modes of Occitrkeitce of the Lead Ores. 

▲. As float mineral. 

B. Deposits in the limestone. 

F/oat mineral is a term applied by the miners to designate that mode of occurrcncb 
where the galena is found imbedded in the superficial soil immediately overlying tho 
limestone. Oci'asionally large masses of the galena will be concentrated in a small 
area only a few feet from tho surface, but being so irregularly distributed that the 
mining is very uncertain. Instances of this moae of occurrence, where the jnold was 
very large, sometimes occur : at one point the miners took out from five to eight 
thousand pounds to the man, and the masses of ore weighing from a few pounds to 
several tons. A single piece weighed 7,800 lb. ^ 

The deposits occurring in tho limestone may be subdivided as follows 

I. Disseminated ore. 

II. Deposits in flat sheets. 

III. Vertical fissures. 

IV. Horiaontal fissures. 

I. The disseminated lead ore usually occurs in a stratum of limestone varying from 
2 to 6 feet, occasionally reaching a thickness of 16 or 20 feet ; the bods of limestone 
are nearly horizontal, usually having a dip of 8° to 10®. Barely does the inclination 
become greater. 

The galena in this formaMon seldom occurs alone, but is usually associated with 
iron and copper pyrites; and at some points the latter mineral occurs in considoraMo 
quantities, and in s few cases, as at Mine la Motte, nickel and cobalt ores are found. 
It will be rememliorod that the Mine la Motte was espocially an object of interest in 
the days of Laws, of the Mississippi Scheme. 

II. Deposits in ‘ Flat Sheets ' — There are two ways in which tho 'flat sheets ’ occur ; 
one is in strata containing the disseminated ore, and is caused by greater quantities of 
the ore being concentrated throughout. The stratum in some places is only 10 inches 
thick, but the lead-bearing stratum throughout the district varies very much in thick- 
ness; this is especially the case at Mine la Motte, whore it changes in a short distance 
from 2 or 3 feet to 8 and 10, and at some points it reaches a thickness of 20 feet; the 
whole stratum contains the mineral in sufficient quantities for mining. This same 
stratum at Mine la Motte, besides being very rich in galena, at certain points con- 
tains ooDsiderable quantities of copper pyrites, and a variable percentage of cobalt 
and nickel ores. 

III. Vertical Fissures. — Vertical fissures may be fiirther divided into * true veins,’ 
•gnsh veins,’ and ' stock-werk.’ 

A ‘ true vein ’ is a vertical opening almost invariably filled with a gangue, and if a 
lead-ore vein, the gangue usually consists of galena, frequently in crystals, associated 
with quarts, calcspar, heavy spar, iron and copper pyrites, and not unfrequently fluor- 
spar, zinc blende, and other minerals. 

There are several points in Missouri where vertical veins occur and are claimed to 
be * true reins ; ’ they have all the appearance of being such, but it is doubtful if they 
extend below the set of limestone bwas in which they occur. 

' Gash veins ' are of much less importance than the true VCin formation just dis- 
cussed ; the principal distinction between the true and gash vein is the certainty of 
the former's yield and the great depth to which it can be worked. 

IV. Horirontal Fitaures. — ^The lead ores of Missouri, when found in a horizontal 
position, occur in caves, pipe-veins, and stock-werk. 

Oates. — This mode ta occurrence is one of the most interesting to the scientific 
observer, and on account of the quality and quantity of the ore thus found, odo of tlie 
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most important to the economist The *ca7es*are horisontal flssnres in the rock, 
whi^ have neither been produced by internal agencies, as the ' true reins,' nor by 
shrinkage, as the ‘ gash veins,' but have been produced by the dissolution and remoral 
of the softer portions of the rock. The formation is composed of sereral series of 
limestone ; that bed in which the lead ores occur is Kfier than either the orerlying 
or underlying limestone, and consequently water containing carbonic acid percolating 
the rock woidd naturally attack the softer and more porous rook. The water, acting 
as a solvent upon the rock, would dissolve out portions, until a perfect network of 
horizontal fissures was formed, passing into each other at every angle, and varying in 
size from a few inches to many teot in width and height, according to the nature of 
the ruck. After the formation of these caves, they were then refilled by water passing 
slowly trough and depositing tlie various minerals hold in solutiou. — ‘On the Oc- 
currence of Lead Oros in Missouri,' by Jambs R. Gaob. M. E. St. Louis, Transac- 
turns of the American Institute of Mining Engineers. 

Nkw South Walbs.— T he sulphide of le^ is widely distributed over the colony. 

Localities. — Near Invereli, and other places in New England ; at Talwal Creek, on 
Yalwal Water ; Keedy Creek ; Wallabadah ; on the Peel ; the Page, Isis, and Hunter 
liivors ; at Burrowa, in quartz veins ; with copper ores, on Lawson’s Creek, a tribu- 
tary of the Cudgegong; at Gulgong ; Jugiong Creek ; O^kwell River ; Waroo, near 
llumowood; near Bathurst; Wellington; Sandy Swamp; at Mylora Creek, near 
Yass, in a quartz poi'phyry ; at Woolgarloo, in association with fluorspar; near 
Bombala ; at Kiandra, in quartz veins. 

In all cases the galena is more or less rich in silver. 


Paussia. Lead produced in 187 S. The latest available return. 


Pruvlncea 

Weight Extruotod 

Vuluo per Tonne 




TonnM=0(M lb. 

Franos 

Silosia .... 

, 

, 

1*2,709 


Hanover .... 

. 


19,511 


WoHlplmlia 



6,646 


HctiiHu Nasaiu . . . 



9,735 


nil me Provinces 

• 

• 

46,968 


Total and Mean . 



96,568 


Production of 1872 . 

• 

• 

90,168 


Increase . . 


• 

6,400 

21.25 


Zeitschrift fur day Berg-^ Hutten-f und Salinen-Weem im Premswhen Staaie, 

22nd. vol. 1874. 


Russia. — Native lead is found In several parts of Russia : in the Kirghis steppes 
in small plates, or grain embedded in hornstone, together with barytes and cerussito 
in the Bc^slowskoi mine, in the district of Karkalinsk ; also in the gold washing of 
Katharinenburg and Tomilowskaja, and in the valley of the river Tomilowska. 

South Africa. — Lead mining is not carried on extensively in South Africa. The 
ores are known to exist in different parts in the limestone formation extending from 
the junction of the Vanl with the Orange River in a north and then in an easterly 
direction to Rustenburg, in the north-west of the Transvaal. Many traces of native 
workings occur in these parts, and in one instance a deposit is being worked by an 
English gentleman, who smelts his own ore and disposes of his motd for local con- 
sumption amongst the farmers and hunters, who consume large quantities as ammu- 
nition. 

XAJLS, D W&vaBlSATXOir and SofteniM of.-^la. vol. iii. p. 71 the process 
of MM. Paohr and Rous, of Marseilles, was described. We have iMen flavoured by 
M. Rozan, of the firm of MM. Luca and Roian, at Saint-Louis-lea-Marseille, with 
the following statement of the continuation of that process by their firm : — 

' The first resalts obtained by the process of desiiverising by means of steam were 
published in 1871. By the publication now of the results deduced from the treatment 
of 22,000 tons ctf lead at 186 grams of silver, by ave^e, per 100 kilograms of 1^ 
during the wt five years, we propose to give a practical value to this process, which 
in 1871 miMt have been consider^ experiments. 

' Since then the number of apparatus have been increased at our wenrke from 'ona 
to four, and we have put up — 
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2 Appufttiui in the vorkfl of M. Boux at Oartbagena. 

2 „ „ „ M. Fioubboa, at Carthagena. 

2 „ „ „ Pontgibaud (Puy-de-D6ine), 

2 „ „ „ La Piae (Gard). 

A „ „ „ Eureka, Nevada, Bichmond Oountj. 

2 „ „ „ Havre, Buthschild Fb^ibus. 

6 „ „ „ Newcastle, Cooksun and Coicpant. 

2 „ „ „ Walkbbs, Fabxhb, Wauub and OoMPAmr. 

2 „ „ ., London, Lead County, Stamuupu and BaouBTONn Wobxi. 

I „ „ „ La Spezia (Italy). 

1 Now erected in the works of Messrs. Qui&x, BAirroK and CoMPAirr, Liverpool. 

* Dewription of the Proceae . — Instead of stirring the melted lead during crystallisation 

with an iron paddle, as in the ordinaiy Pattinson method, or by means of iron flyers 
set in motion by steam, as in the Lumssiiiis. system, the direct agency of steam is 
employed. '' 

' The steam, in escaping, produces in the mass a bubbling like that of very dense 
liquid in ebullition. This violent and continuous agitation is very fhvourablo, as 
experience has proved, to the separation from the lead of the silver in the form of 
poor crystals and a rich liquid lead. 

* The action of the steam is there essentially mechanical. In regard to its chemical 
action, although weak, for the reason that it has to deal with metals (lead, copper, 
silver, antimony) which do not decompose it at a temperature of about 330°, the point 
at which it is employed, it is nevertheless perceptible to some extent, since the load 
is subjected during the operation to a softening independently of that which it under- 
goes (iuring the fusion at red heat which precedes crystallisation. Previous calciiiif^^ 
of indifferently hard lead is even dispensed with, that which is very hard being alone 
subjected to a preparatory calcining. 

* If no chemical action of steam be supposed, the purity of the market lead, attained 
without previous calcining, might bo attributed to the senes of partial calcinings to 
which the lead is subiected during a great number of remeltings at red heat. But a 
fket which tends to snow that the steam plays an active part in the softening, is that 
the shimmings which are produced, at first yellowish and earthy at the commencement 
of «-he operation (crystaliisatiou), become, towards tlie completion, black and highly 
charged with copper. Towards the end of each operation, while the steam is still 
bubbling in the liquid, whore, together with the silver, copper, antimony, and arsenic 
are concentrated, the lead is found more and more free from the copper it contained. 
In regard lo the antimony, no such phenomonon is observed, but it h gradually elimi- 
mited during the successive meltings, in consequence of the oxidising action of the 
external air. It has even been noticed that soft leads yield a greater quantity of 
oxides than the hard, especially than the antimonial leads, and that too under the 
same circumstances, which proves that antimony, in combination with lead, is the first 
to become oxidised, and in measure protects the latter from oxidisation. 

' In short, whatever explanation be given of the action of steam in softening, it is 
unquestionably certain and efiicacious. It is a fact proved by experience that the 
market leads obtained by this process are perfectly soft, while the amount of silver 
contained varies from 1 gram to 2 grams at most per 100 kilograms. In rich load 
ready for testing, the quantity of silver varies from 1,600 to 2,000 mms per 100 
kilograms, according to the nature and richness of the lead treated. Altbouga these 
contents may be reached in some works by the Pattinson process, we think their 
realisation, which has become practicable by means of the new process, can only be 
obtained by the old at the cost of a number of operations. The high content of the 
rich lead is not without its influence upon the total cost-price of the desilverisation, 
in comparison with the old system, as we shall show presently. 

‘ In addition to the suppression of a special calcining, the employment of steam, as 
we shall describe it, offers several advantages, which wo shall enumerate before pro- 
ceeding to prove by figures. 

* Diminution, and for Spanish leads suppression, of the expense of previons calcining. 

‘Less oxidation of the lead, and consequently diminution of expense and waste m 

the Auction. 

* Only 166 kilomms of oxides, in place of 400 to 660, per ton of lead treated hy the 
Pattinson metluM. 

•JSoottomy of Time and Lebow . — This economy is due not only to the rapidity of the 
operation (crystallisation takes less time than in the Pattinson method ; 20 to 21 tons 
instead of 0 to 10) and the reduced number of workmen, but also to increased rapidity 
in the separation of the lead into crystals and enriched lead, as shown by ths following 
table:— 
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SuooMive Contentt. 



BlohLead 

Always i and | 

Harket 

Lead 

steam prooesB 

Patitnson prooewB — ) 
rich lead, 1,180 J 

Groms per 
kilo. 

1,600 to 2,000 

1,000 

650 

800 

170 

86 

45 

25 

19 

e 

8 

Grama 
per kilo. 
It to 9 

870 

i 

600 

960 

185 

190 

70 

45 

95 

13 

7 

4 


fondf 

i ai'id 1 


‘The separation of the lead into crystals and into enriched lead is accomplished, for 
all the contents, in the new process by ^rd and §rds. 

* In the Pattinbok process, fur contents above 120 grams per 100 kilograms, the 
separation was in the proportion of fths and l^ths ; in order to have a sufficiently rich 
load, ith in crystals was put aside, the contents of which were the same as the original 
contents and was therefore returned to the pot. 

* We will conclude this enumeration by observing that the work at the apparatus 
requires less experienced workmen than the Pattimson process, and thu^t insures to 
the factory owners a greater independence. Further, that the 10,000 to 12,000 francs 
uf outlay for starting an apparatus are rapidly reimbursed, and that the buildings 
necessary iiir the new process are loss exLensivo than for the Pattixson system. 

‘ In order to state precisely what one may expect in each particular case, we will 
here record certain observations relative to the influence which the nature of various 
leads has upon their beharijiur during crystallisation. We know that a portion of 
the foreign substances (antimony, and especially arsenic) follows the silver and ends 
by partially taking its place. Wo may calculate that two-thirds of the antimony are 
eliminated in the form of an oxid<‘, and that the remaining one-third is found in the 
lead ready for testing. In regard to the arsenic, the greater part goes to the enriched 
lead, where its influence is most hurtful in point of view of the enriching. The copper 
IS almost entirely removed by oxidation. The following examples will show the im- 
portance of the effects due to impurities in the working of leads of various degrees of 
hardness. 

' Spa'nuh Leads Spanish lends contain rarely above ^ per cent, of antimony ; about 
^ per cent, of iron, copper, and sulphur ; traces of arsenic. 

‘ These leads required formerly, before being subjected to the Pattinson method, a 
previous calcining. I'he cost of the operations of previous calcining and refining, in 
consequence of having to reduce the oxides, amounted to 4 It. 60 c. per ton. These 
leads, and even those produced by reduction of their skimming in a reverberatory, 
pass at once to the apparatus. The only lead obtained by smelting in a blast furnace, 
the residues of reduction in reverberatory, is submitted to calcination, the cost of 
which is thus reduced to 96 c. per ton of le^ treated. 

* Greek Lead . — The leads of Greece contain — 

Antimony 2'6 per cent. 

Arsenic 1 ‘0 „ 

Iron and sulphur I'O „ 

Copper 0*6 „ 

Total . • . 6'Q „ 

Instead of 076 per cent, contained in the Spanish leads. 

* The leads subjected directly to eryetalliiation give bad results, and a previous eal- 
oining is necessary. This operation should not be pushed as Ikr as is required in the 
PATUNBOir syetem. In order to obtain go<^ results ftom cryst^lisation, the calcining 
should be stopped when the lead yet contains ^ per cent, of antimony. 

* We have ^ready remarked that the presence m a certain quantity of foreign metals 
(antimony, copper) was necessary to preserve the lead from oxidation during the re- 
meltings at rra heat and the cryitalliBings. It is from that fact that the twofold 
advantage already noted results : a diminution in the proportion of oxides ; the sup- 
pression of the coet of previons calcining for lead which does not contain more than 
I per cent, of antimony. 

*The Greek leads, even after calcining, cannot be easily enriched above 1,600 
grams. 
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*PimtgU)aud Leads — The leads of Fon^baud contain — 

Antimony 3 2 per cent. 

Copper 0*3 „ 

Arsenic large proportion. 

' These leads are subjected to a previous partial calcining, which eliminates a larce 
portion of the antimony, but they present the same difficulties to their enrichment as do 
those of Glreece. The rich lead does not contain more than 3 per cent, of antimony, like 
the rich Spanish lead, and yet cannot be made to give as high contents as the latter. 

‘ If it be found that the arsenic is but very imperfectly eliminated in the reverbera- 
tory, it may be concluded from these facts that it is the arsenic which has the greatest 
tendency to take the place of the silver, and the influence of which upon enrichment 
is the most hurtful. 

* It is evident, upon the whole, that the nature of the leads is not without its in- 
fluence upon the lal)our, but, at the same time, that the advantages pointed out exist; 
some fully, because they are independent of tile quality of the lead ; others partially, 
since they lessen without destroying the bad effects due to the presence of antimony 
end iir'x'nic. 

‘ Mode of Working vnth the Apparatus, — Before explaining the details of nn operation 
wo will point out briefly the principal parts of the crystallising apparatus, the details 
of which we will describe according as the employment of the various parts presents 
them to our notice. 

' An apparatus is composed of two pots placed upon different levels. 

‘ 1. The upper pot for melting the lead, with a capacity of 10 to 11 tons. 

' 2. The lower pot for crystallisation, with a capacity of 20 to 21 tons. 

* A platform on a level with the edge of the lower pot permits the workman to rem^^e 
the oxides and look after the progress of tiie operation. 

* For running off the fluid contents of the pots, spouts closed by faction plates have 
been adopted. 

* To prevent the lead penetrating the pipe by which the steam is introduced and there 
cooling, a valve is employed. 

* The argentiferous lead being first melted in the upper pot, is skimmed and run off 
into the lower one. At the same time a small jet of steam is introduced, to facilitate 
the mixture of the crystals of the preceding operation with the melted lead. 

* A slender thread of water thrown over the surfkce of the lead promotes its cooling 
and facilitates the formation of crystals. The steam produced by a boiler cl )80 at 
hand, and introduced, at a pressure of three atmospheres, into the lead bath by means 
of a lateral tube, is there distributed in a uniform manner, in consequence of the re- 
sistance offered to it by a cast-iron disk placed horizontally. 

* The under pot is finished with a cover in segments, which a workman removes 
alternately every four or five minutes to detach by means of an iron paddle the lead 
which may have come in contact with the cover, and there cooled during the agitation 
caused by the steam. 

* Two small su[)plementary flre-places, which are set going a few moments before 
running off the fluid metal, serve to give the spout the desired temperature for flowing 
the lead. 

‘ The workman removes the oxides once during each operation (at the commencement, 
before the steam is introduced). 

* The segmentary Mver has an aperture from which springs a chimney connecting 
the pot wi^ condensing chambers, where the steam enters, carrying with it a portion 
of the oxides, which are there deposited in a pasty condition. 

* The drawing off from the ^t takes place when about two-thirds of the lead is crys- 
tallised. The enriched lead is received in «>ne-shaped moulds flxed in the ground. 
The spouts are fhmished with gratings desired to arrest the crystals. Each block 
of lead weighs about 8,600 kilpows, of which two are made at each operation, that 
is to say, 7»000 kilograms, ono-mrd of the contents of the pot. 

‘ The blocks of lead, obtained successively in a series of operations, are removed by 
means of a steim crane, and ranged according to their contents around the apparatus, 
passing successively by rotation through Uie subsequent operations. The blocks of 
superior contents to those at the commencement are accumulated lutil their number 
allows a new series of operations to be commenced. 

< The drawing-off aceomplishod, the lead which was melted in the upper pot, during 
the preceding ciystallisation, is let into the lower pot. 

* When the market lead or the compl^entaxy le^, which is in a exystallised 
reached. Are is applied to melt it by means of the flre-grate of the lower pot. Die 
market leoii is cast in ingot raouMs arranged in a semicircle, of which the spout is 
the centre, and filled by means of a gutter moving upon a pivot. 
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• The irork done, taken toother fjeom the flo^ng of the lead fitom the upper to the 
lowfr pot, and the caating oil the enriched lead into blocks, is called an (^ration. 

An operation lasts from an hour and a half to two hours. The drawing off of the 
market and the complementary leads are reckoned as two operations, because the time 
requisite fqr the melting of theciystals in the lower pot is nearly doable that required 
for crysthllisation. The number of operations representing those drawings off u, for 
lead ^186 grams, from 26 to 82 per cent, of the number of crystallisations. 

* The number of operations accomplished by an apparatus during twenty*four hours 
average fourteen, occasicmally reaching sixteen and seventeen, according to the nature 
of the fuel and the proximity of the boiler. 

‘ It is well known that the number of operations necessary for the treatment of the 
same quantity of lead varies with the contents. An apparatus treating lead at 186 
grams produces, in a day's work of twenty-four hours, 10 tons of market lead. 

‘ Cost Price, at the 8t. Louis Works, of the complete Bejming of Spanish Argentif^oua 
Lead of 136 Grama per 100 KUowams. — We designate by roliuing the entire series of 
operations by which the argentiierous lead is transformed into — 

Marketable refined lead, Antimonial lead, 

Kefined silver, Wsste. 

‘ We call lead treated in the year the quantity sent from the works under the various 
forms specified above. It is to that quantity that the year's expenses will relate. 

‘ Wo give below a comparative table of the cost of refining le^ by steam and by the 
I’attinson system. 

‘ The cost of refining by steam is deduced from the treatment of 22,000 tons of lead 
of 18(i grams by average. That of the Pattinbom method is inferred from the work 
dutiiig one of the preceding years. 


Expenaea at the Apparatus shown per Operation. 


Laliour, special ..... 

. Fr. 2.88 

„ Bundiy 

2.01 

Fuel, 128 kilograms .... 

3.86 

CaHt/ings 

. 1.09 

Supplies 

0.65 

Cost per operation 

10.88 


PUargentation et raffinage du Plomb au moyen de la vapeur d'Eku, M. L. Rozan. 

IbBAB nr SBWZVO BZXiX. — The Moniteur d'Rygikne startles its renders witlt 
the revelation of an ingenious fraud, not generally known, but likely to be in the long 
run vory dangerous to the health of tailors, bempstresses, and others who use silk thread 
ill sewing. Nothing is morn pernicious to the system than lead, and yet it may be 
constantly introduced into the stomach by those who use sewing silk. According to 
our French authority, certain manufacturers have adopted the plan of soaking weir 
silk thread, of all colours, in acetate or sugar of lead, and exposing it after drying to 
the action of sulphurous vapour, which vapour, it is said, trauslbrms the acetate into 
sulphate of lead, increasing the weight of the silk. The resulting gain may be ima^ 
giiied when we state that sugar of lead is worth considerably less than 25 cents a lb., 
whilbt silk thread fetches from ,^10 to j^ll a lb. in the market It is alleged that 
some samples of silk have been proved to contain as much as 28 per cent of sulphate 
of lead. 

There is some mistake in the mode of stating the case, sa^ the Sewing Machine 
Gazette, as the fumes of sulphur would certainly not convert the acetate of lead into 
sulphate. The fact of lead impregnation in silk is well known. The sugar of lead 
can be detected by the smell in some samples, not only in silk, but also in other 
thread, which is also sold by weight Some adulteration, then, is practised, various 
matters being used to give weight to the articles ; and, as a consequence, all thread 
rapidly deteriorates on exposure to the air. On this account the best sewing silk is 
usually well wrap^ in wash leather. 

It is ensy enoum to detect the adulteration by chemical process, and, althongh the 
result is not conclusive as to the presence of lead (as stated by the French writer), it 
proves at any rate the presence of some metal. Put a few pieces of silk thread at the 
top of a tost tube, filled with water containing a few drops of acetic acid or vinefmr. 
As soon as the silk gets moistened, let fall into the test tube a few drops of a solution 
of iodide of potassium. Then, if the silk contain lead or other metal, an iodide of the 
metal will be formed, sinking with a violet tint into the tube. 

Several samplee of silk thread have been teeted in this manner. With the exception 
of one sample, all the fine sewing silk was proved to be free from lead or other metal, 
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But ve found metal very abundant in wliut is culled ' tailors' twist ’ and ' liattenf 
twist,’ especially the latter. 

The &ct is important, if lead be the metal used for nving weight to silk. Lead 
acts vei^ surreptitiously on the system ; it is essentially ’ a slow poison,’ and it is 
vei^ difficult to combat its effects. It acts on the teeth and on the intestines, in 
which it produces paralysis, frequently followed by death. ‘ We have seen,’ says the 
writer in the Monitew d*Hygi^, ‘among other cases, that of a lady who keeps a 
large sewing establishment, who, by the use of such silk thread, was, together with 
her workwomen, attacked with a lead colic, some of them losing their teeth — the 
result of the habit of putting the ends of the silk into the mouth before passing it 
through the eye of the needle. Such is the way in which the lead poison is directly 
absorW, whilst, by continually handling the silk, the fingers may r« tain a portion of 
the lead, to be indirectly introduced into the system with the food that may be touched 
by the hand. Tlio poison mny bo avoided by ro'raining from putting the silk into the 
mouth — dipping it in gummed water instead :jbut perhaps the best remedy will be 
found by the large doalrrs refusing to buy silk throad by weight unless it is proved to 
be free from mettillio adulteration.’ 

According to a recent writer in the London Timet, the ' French dyers have attained 
such extraordinary skill, that they can colour up inferior qualities of silk so as to 
make them look far better than they are. In some cases they are nblc to charge the 
silk with lead and iron, uhich adds os much as 100 or 160 per cent, to tlie weight of 
It ! All such artificial additions disappear when the tissue is exposed to any wear, 
however slight, and sometimes even when it is only exposed to the atmosphere. 

XiBAll A&BOTBf comportment of certain, under the action of a rtducinq blouqnpe 
flame on charcoal . 

Lt'od and tin unite readily, but the globule commences immediately to oxidi'^s 
throwing out excrescences of white and yellow oxide. On removal from the flamo it 
still continues in ignition, and pushes out further excrescences. 

Lead and bismuth unite readily, and the fused mass throws out e.xcrcscuncos, and 
becomes covered with a coat of oxide. 

Lead and thallium form a malleable globule. — Chapman, ' On Blowpipe Reactions,’ 
PhiJ. Mag., December 1876. 

KBABi KOXiTBBOi Auskniatu of. Soo AcHRUMATim 


Lead Exports in 1876 : — 



Tons 

Value 

£ 

Lead ore, to all countries 

96 

1,916 

Pig lead „ 

24,271 

637,662 

Rolled and short piping and tubing, to all 
countries 

11,127 

282,641 


BBAB, WBZTB. On the Manufacture of White Lead from Lead Ore containing 
Bismuth. — The refined load of the Upper Hartz is undoubtedly one of the purest now 
in the market. The entire amount of impurities does not exceed 0 2 per cent., of 
which two-thirds are composed of copper, antimony, silver, cadmium, zinc, iron, and 
nickel, while one-third (or, to be more accurate, 0’0076 per cent.) consists of bismuth. 
Since this last metal is the only one occurring in any noticeable quantity in the IJartz 
lead, it is no wonder that all the supposed failures of this last were ascribed to the 
bismuth. In particular, some white lead manufacturers assorted that bismuth imparted 
a tinge of ^ey to*tbe carbonate made out of Hartz lead, which, it is true, disappeared 
after grinding and lovigation ; but the commercial white lead, when used as a paint, 
gradually turned yellow in the dark, which was not the case with other wliite leads — 
or, at least, not to such a degree. While such an action of bismuth on white lead 
was ve^ unexpected from a theoretical standpoint, it still appeared advisable to 
ascertain by exact experiments whether it was true that oil-paints made of Hartz 
white lead tamed yellow sooner than those made from other white leads, and whether 
this was due to the bismuth. 

In order to attain this end, various foreign leads had to be converted into white 
lead contemporaneously with Hartz lead and alloys rich in bismuth, and under entirely 
like conditions ; then those white leads had to be examined as to (heir properties and 
compositions. Mr. Von Duertbldt, who has since died, superintended, with the 
graatest care and caution, the technical execution of the process, at the works of the 
Hartz Lrad Works CoKFAinr, at Osterode. For this purpose the company famished 
about 6 cwt. each of Silesian (Tamowitz) and Westphanan (Meehernich and Stolbexg) 
leads. These, together with Lautenthal refined lead and bismuth alloys, prepared at 
the laboratory here, were converted into white lead under precisely similar conditions. 
When casting the loads into plates, average samples of each were taken for analysis. 
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After the first oxidation, the residual lead kernels were oxidised a second time, so 
that white lead and lead reeiduea were obtained by a second oxidation. These last 
were also analysed, since the impression prevails in the factories that the foreign 
metals present in the lend are concentratM in these residues. The bismuth alloys 
were made by fusing the purest aasa^ lead with bismuth, and were also analysed. 
Thev contained' O'l and 0*04 per cent, bismuth, i.e. 16 and 6 times as much bismuth 
as the Harts lea^ while there were only traces of the remaining metals. All the 
aualyses are conibined in a table at the end of this memoir. They show, among other 
things, how variously the different white leads are composed. It must be remarki^d 
that the analyses of the foreign leads essentially represent the composition of the 
charges of 6 cwt., and nut the average composition of the lead furnished by the 
different smelting works. 

The appearance of the carbonate of lead obtained was varied. The bismuth alloys 
and the tiilosian load afforded a pure white carbonate, while the remainder had a per- 
ceptible greyish tinge. This greyish colour is probably duo to the presence of finely- 
divided uiiuxidibed lead, smeo it disappeared after grinding and levigatiun, and the 
white lead produced was of faultless colour. 

Kaiiiplis of all the various white leads were taken and mixed with the best oil lu 
the }iroportion of 1 to 1, and then used as paints on glubS and wood. These were 
carol ally put away, to protect them from dust and light. At the end of 4 months nil 
the paints hud turned blightly yellow , those prepared from the bismuth alloys, the 
llart^, and Silesian loads having undergone the least change. After 3 more months 
had passed, the yellowish tinges hod perceptibly darkened , but there was no regu- 
larity as to the^ intousity ot the present tiuge compared to the former one, so that 
many of tJjo paiuLb had tuinod u deeper yellow than others which had been the darkest 
at the eoiuinuncoment of the 3 mouths. In manj’of the bainplos, also, the second pro- 
ducts were less cliangcd tliuu the fi^'bt had been. The samples painted on glass differed 
also very much from ihoso on wood. It was, however, impossible to perceive that 
the samples pn p irrd from llartz white lead or from bismuthic white load were a 
deeper yellow. It must also bo stated that a portion of the Silesian white lead was 
mixed with antimony trioxide in the same proportion as that contained in the Harts 
while lead, and then used as a paint. It was not found, however, that these oil-paints 
had turned a deep darker yellow than the samples prepared with pure Silesian white 
load. 

From these experiments it is shown in the most convincing manner that neither the 
presence of small quantities of intermixed foreign metals nor larger quantities of bisniiilli 
or antimony in the leads, although these pass into the white loads, promotes the 
turning yellow of the oil colours. This is merely due, as has been assumed for a long 
time, to the closing up^ of the varnish and resin whenever light is exclude^!. 
LiJDERBDOBFF ' lios long siuco showD that the paints do not turn yellow if a solution 
of realgar in oil of turpentine and alcohol is used instead of linseed oil. The fact, too, 
that this tiuge dibappoars iu the light would seem to favour the idea of the organic 
nature of the colouring matter. All the paints which turned yellow reassuined their 
original white tint when exposed to 8unlip;ht for 24 hours. 

Although the foreign ingredients of white loud do not promote the formation of this 
yellowish tingo, still hydrated lead oxide does. G kunkumbo ^as called attention to 
the fact that white lead containing more hydrated lead oxide than corresponds to the 
formula 

Pb»'| 

2 (PbO,CO«) + PbO,IIO = 2 PO I 0«, 

H»J 

when mixed with oil, turned yellow after a few hours. Pure hydrated lead oxide, 
mixed with linseed oil and varnish, made a good covering pnint, which, when kept in 
the dork, turned lemon-yellow at the end of 48 hours. It may easily be ascertained, 
by means of turmeric paper, whether a white lead is more basic than the above com- 
pound ; for if the paper is turned brown by the filtrate after washing the white lead, 
there is free hydrated lead oxide present. This can readily be removed by levigation 
with a little acetic acid. 

When, however, the above-mentioned white lead does react on turmeric paper, and 
yet gives oil-jpaints which gradually turn yellow, the reason for the luck of uniformity 
in the intensity of the yellow tinge may, perh^s, be in some way connected with a 
somewhat varying quantity of carbonic acid The intensity of the yellow tinge will 
^en be dependent on the nature of the varnish and basic nature of the white lead ; 
in no way, however, on the slight quantities of foreign ingredients. Tliese are, iudoed 

' Journal fdt Praettschf ChrmU, vol. rl. p. 187. 

' FolyUchm9(hi.» CwtralMaHt vol. xxvi. p. 14U4, 
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as litUo in fiiult as they are in the case of the roseniolouring of tiiC white lead, which 
was attributed to copper, silver, and even to iron, until Babaow and Krambb > showed 
that it was due, not to these metals, but to a badly-conducted corrosion of the lead, in 
which there was an insufficient access of air, causing the formation of lead subozide, 
which then imparted a rogy tinge to the white lead. 

The frequently-observed rapid corrosion of lead pans for evaporating sulphuric acid 
was in the same way attributed, without any reason, to the presence of foreign metuls. 
Hasbnclbvbb> showed, however, that it was due to the great purity of the refined 
lead. Antimonial lead lasted much longer than the other. 

Finally, with regard to the frequently-imputed enrichment of the foreign metals in 
the metallic residues (the so-called lead kernels) obtained in the preparation of white 
lead, it is impossible to give a definite answer to this from the following analyses. It 
must, however, be borne in mind that such pore leads are not well adapted to settle 
this question, since the dififerencos are so small that it is impossible to say whether 
they are essential, or whether they are due to the uncertainty caused by the taking of 
the samples for analysis from the residues. Au enrichment of the bismuth in the 
finely-divided lead was found only in the bismuth alloys, after separating the residues 
firom the white lead by washing. Alloy I. coutainod 0*1 per cent, bismuth, and the 
metal obtained by washing the white lead contained O'Ml per cent. Alloy II. con- 
tained 0‘0416 bismuth, the residues 0*0674 per cent This had a peculiar, distinctly 
crystalline texture, and broke easily. 


Taulb or Analtsbs. 
ffarU Lead, 


Ordinary llartx white load obtained from the factory • 


Bi 

Per oent. 

. . 0 004841 

Fe 



Percent 
. 0*002100 

Cu 

. 0*001708 

Zu 


• 

. 0 000306 

SI) 

. . 0*001236 

Ni 



. trace 

Ag 

. . 0 000600 







Oiiginnl Lead 
from Lantcnttiall 

White Lead from 

1. jxiduiiou 

White Load from 

11. oxidation 

Lead rssldues from 
II. oxidation 

Bi 

Ou 

8b 

Ag 

Fe 

Zn 

Cd1 

Ni/ 

Per oent. 
0*008498 
0*000064 
0*001180 
0*000600 

0 004030 
0*000361 

trace 

Per cent. 

0 006276 
0*000431 
0*000908 
0*000600 
0*000728 
0*000128 

trace 

Por cent. 
0*008276 
0*000447 
0*001166 
0*000600 
0*000660 1 
0*000176 1 
trace I 

Per oent. 

0*01 1001 
0*001149 
0*001169 
not determined 

trace 


SiUaian Products. 



Original Lead 

White Lead from 

I. oxidation 

Load residues from 

11. oxidation 


Per oent. 

Por cent. 

Far cent. 

Bi 

trace 

trace 

trace 

Cu 

0 0012 

0*000666 

0*000938 

Cd 

0*00046 

0*000360 

0*000600 

Sb 

0*00181 

0*000444 

0*001888 

Ag 

0*000166 

0*000180 

0*000166 

Fe 

0*00120 

0*000908 

0*000860 

Zn 

1 0'00085 

0*000267 

0*00081 


■ BtrUn Dtutsehe Chemikhe Otu^lnehoft, 1879, No. 12, p. 04S; also Btrg- und fftUtmmdnnUehe JMhmg, 
1872, No. SO, p. ISB. 

■ MpteehnUehes Journal^ 1678, vol. cov. p. 186, 
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Meckernich Products. 


fi27 



Origlual Lead 

White Load from 

1. oxidation 

Lead roBldtim from 

II. oxidation 


Per cent. 

Per cent. 

Per cent. 

Bi ■ 

000022 

0-000197 

0-00024 

Cu 

O'OOOSl 

0 000408 

0-000411 

Cd 

000037 

0 000.0(1 

0-000460 

Sb 

0 00320 

0 00221 R 

0-00310 

Ag 

0 00032 

0000300 

0-00038 

Fe 

000075 

0-000937 

0-000634 

Zu 

0-00032 

0 000337 

0-00020 


StoUiery Products. 


Bi 

OrlRloal Lead 
I’pr cent. 

. 0-000960 

Ag . 

Origlual Lead 
Per cent. 

. 0-00065 

Cu 

. . 0-00110 

Fe . 

. 0-00066 

Cd 

. 0 00056 

Zn . 

. 0-00050 

Sb 

. 0-04921 




Bismuth Alloy I. 



Onglnal Alloy 

White Lead from 

1. oxidation 

Finely-divided Loail 
obtained by Invigatlon 
after I. oxid.itlon 


Per oent. 


Per oent. 

Per cent. 

Bi 

0-10(1000 


0*078807 

0-141 

Cu 

0-0006201 




Sb 

0-000224 




Fo 

0-000143 




Zu 

0 OOOHOl 


not determined 

not determined 

Ag 

0-000060 




Cd 

0-0008U2 




Ni 

0-000053 





Bismuth Alloy II. 



Original illoy 

White Lead from 

I. oxidation 

Flnely-dlvlded Lead 
obtained by levlgatlon 
after 1. oxidation 


Per oent. 


Percent. 

Per oent. 

Bi 

0-041640 


0-0286 

0-0674 

Cu 

0-000626^ 




Sb 

0 000224 




Fo 

0-000443 




Zn 

0 000804 


not determined 

not determined 

Ag 

0-000060 




Cd 

0-000802 




Ni 

0-000063 





—Dr. W. Hampb, of Ol^thal, ' On the Adaptability of Lead containing Bismuth for 
the liia nufac ture of White Lead/ Amsrican Chemist, 

UULTSUk The following particnlan, relative to the manufacture of sole 
leather in Briatol, are chiefly denvM from a paper read by Mr. Spark Evakb, of the 
Avonside Taunexy. 

In Bristol there were, in 1816, 9 tanneries ; in 1876 there were 18. Bristol pos- 
sesses xuny advanta^ies, from its proximity to osJe woods; and the practice of allowing 
aloQg time lor tanning in the tanneries of that city is proved to be of great advantage 
in the increased wear of the leather produced. 

The growth of oamxneree occasioned such a demand for hides, they would have 
become of extravagant value, but for the introduction of South American hides and 
.Turkish vaUmia, 
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South American hides were first introduced into Castile in 1680. 

The number of dry and salted hides imported from South America, according to Mr. 
Spans Etass, was, in 1872, 3,121,768. The Board of Trade returns are as foflows > 


Hides 

187a 

1878 

1874 

1876 


Owl 

Owt, 

Owt. 

Owt. 

Not tanned, tawed, curried, or in 





any way dressed. Dry . 

808,420 

026,274 

664,167 

662.292 

Do. wet 

027,980 

lb. 

713,096 

lb. 

710,107 

lb. 

066,104 

lb. 

Tanned, not otherwise dressed . 

23,674,001 

28,671,468 

26,791,069 

36,409,369 

Tawed, curried, or in any wav 
dressed, not being varnished. 





japanned, or enamelled . 

8,136,102 

2,484,668 

4,492,236 

6,297,680 

Varnished or enamelled 

479(068 

461,870 

328,843 

457,808 


It is a curious fact that the loss occasioned by branding to prove ownership is esti< 
mated at 800,0001. yearly. The pickling of hides has been very usimlly practised on 
the voyage ; but it is strongly objected to, and thus it is likely tu cure itself. 

Messrs. Contbbb and Pullhin have introduced a mode of suspending hides in lime, 
thus unhairing them in four days without heat. The cool-sweating process used in 
America is not employed in Bristol ; neither is the sulphide of sodium or the charcoal 
process in use. All patent processes are said hy Mr. Sparx Evaj^s to have failed for 
tanning. Rapid processes are considered ohjectionablc, twelve mouths at least being 
required to make thick leather both pliable and impermeable. 

Kip Tanning. (Kips are the hides of young cattle.) — Imports are estimated at 
7,OU0,0O0. The average amount of plaster adulteration on each kip, lb. 

Tlio waste products of a tannery are usually turned to good account. Untanned 
|v>rtioDs of the hide are sold for sizing p^er and the manufacture of gelatine. Hair 
is now largely used in the manufacture oi cheap clothing, blankets, and imitation of 
seal skins. Spent tan is burnt fur its ashes ; lime deposit is used as u manure. 

The tanning materials used in Bristol are : — 

Kattve Value 

Prodnotion A 

Oak bark .... . — — 

Valonia .... . 24,434 tons 022,019 

. 321,334 cwt. 190,122 

r Grouped under Tanning and 
• \ Dye Drugs in the return 

Hemlock extract . . • . . — 

Tannometer.—BT. John Watts ^vas the following aoconnt of Muni-z and Ram- 
BFACHBn's apparatus for the estimation of tannic acid. By this may be determined the 
actual leather-producine power of an astringent substance, which, according to the 
experience of the manufacturer, does not appear always to coincide with the peroentaga 
of tannic acid. 

The apparatus may be briefly described as a shallow gun-metal drum of about 200 
cubic centimetres capacity, permanently closed at one end by an india-rubber plate, 
and capable of being closed water-tight at the other by a piece of depilated hide when 
clamped upon a stand over which the hide has been previously stretched. 

The drum is perforated at the side with a screw to admit of the introduction of the 
tanning liquor, and is fitted above with a screw piston to oompress the india-rubber 
disk. When the piston is lowered the liquor is forced through the hide, while the 
latter retains the whole of the tannic acid. The density of the liquor is t^en before 
and after the operation by means of a very fine hydrometer grMuated to a special 
scale, when the difference expresses at one* the percentage value of Hie liquor qie- 
rated on. 

In order to compare the results of this tannometer with HAincBn’s table of per- 
centages of tannin in solutions of different densities, and to compare both with the 
results of evaporation, a number of experiments were undertaken the inventor. 
The percentages only indicate the value of the particular sample under examination. 
The numbers in the first column were obtained by taking the specific gravity at 
1 5® before and after removing the tannin and obtaining the percentage eouiv^ant 
from Hahmhe’s table. The tliird column was found by evaporating 26 enmo oaati- 


M^rabolanes . 
Mimosa . . I 

Terra japonica [* 
Divi-divi . J 
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nitres in a vlafcinum diah bafoie and altar Uia ramoval of the tannin and drying the 
xeeidoe for toree or fbor honre at 100° 0.— ^df•lk Ohim, l%f. 1876. BHtiah Astoeia- 
turn Siportt 1876, p. 47. 



By Spsotflo Gravity 

By Tsnnometar 

By Evaporation 

Onbe gambler 




41*46 

40*44 


Bale gambler 




42*44 

80*50 


Outch . 




47*70 

44*60 


Valonia 




25*82 

26*82 


Myrabolanes . 




32*80 

30*28 


Mimosa bark 




31*44 

80*18 

81*72 

Blue galls 




60*60 

60*10 

— 

Green galls . 




53*40 

62*41 

67-90 

Sumach 




17*10 

18*00 

19*65 

Divi-divi 



. 

84*60 

33*94 

85*20 


Leather^ Fastening of^ to Iron . — The American manufacturer recommends that a 
quantity of nut-galls, reduced to powder, should be dissolved in eight parts of dis- 
tilled water, and after remaining for six hours should be Altered through a cloth ; 
and the decoction thus produced applied to the leather. Take the same quantity of 
water as that used for the nut-galls, and place in it one part (by weight) of glue, 
which is to be kept warm for twenty-four hours and then applied to the metal, n^ich 
should first bo roughened and heated. The leather is then laid upon the metal and 
dried under pressure. The permanence of this is said to be something remarkable. 

Leather Exported in 1875. 



Owt. 

Valne 

£ 

Tanned, unwrought . . 

. . 168,147 

1,496,831 


Dozen Fain 


Wrought, boots, &c. . 

. 462.840 

1,617,267 


Lb. 


Wrought, unenumerated . 

. 1,879,660 

382,087 


XBATBSH, VBOIITAB&X. — Sheets of cardod wadding are manufactured with 
cotton waste or cotton itself, according to the quality required to be produced, uniform 
in thickness, length, and width, which sheets are placed on polished unc or other metal 
plates, then the wadding is coated with a concentrated decoction of fucus crispus or pearl 
moss, or other fucus or mucilaginous lichen (rock moss), or any similar mucilaginouB 
substance may be employed. The metal plates require to be kept hot, in order to 
allow the mucilaginous decoction to penetrate thoroughly into the filaments of the 
cotton. The sheet is then dried quicldy, thus giving to the surface applied to the 
metal plate a glazed or polished appearance resembling the gloss of ordinary leather. 
The sheet thus prepared is passed between two heated cylinders or rollers perfectly 
polished, having a space between them the exact thickness required to be given to 
the sheet to be produced. Great pressure is required in order to press and felt all 
the filaments or cotton thoroughly together, and thereby render the thickness of the 
sheet uniform. The sheet is then coated with boiled linseed oil and dried in the open 
air, or by means of artificial heat. When the sheet is dry a coating of thin vegetable 
wax is applied, according to the use to which it is to be applied, and the sheet is 
softened by passing it blwugh heated fluted rollers, by whiim means it is softened in 
a uniform manner ; it is then passed through other polished rollers, according to the 
quality of the leather required, either plain, morocco, embossed, glased, or otherwise, 
and it is then bronzed, silvered, gilded, or varnished, and finished in like manner to 
oidinarv leather. French, vegetable, or similar leather thus prepared is waterproof 
and easily stamped. 

Elasticity is given to vegetable leather thus produced by placing the sheets im- 
pregusAed with the decoction of Ihous, or other mucilaginous substance, between two 
jdates perfectiv acljuBted, having the design embossed or in intaglio. Great pressure 
18 then applied to the plates, and the dri^ sheet is then passed through rollers, which, 
bv flatteaiuff the embused parte, form a sraonth surfhoe, which is then treated as 
abote stated, and becomes ebstio after the oil is drv. Pressure may also be snecess- 
Itdly applied befipw the leather is impregnated with the siccative oil. The material 
can be made perfectly white by selecting very white fucus and by bleaching the oil 

Vot, IV. MM 
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to bo whaA : foriono oolonni from the lightest to the darkest may be obtained by 
oeitig the proper pigments. If the leather thus produced is rMuired to be inodorous, 
it is only necessazy to vnsh the oil in a weak solution of chloride of lime. A method 
of preparing vegetable leather of this character for use, as cheap sole leather, consists 
m thi^ening the decoction of fucus or mucilamnous lichen with cotton waste or dust 
until it becomes a thick paste. The paste is toon run into moulds or blocks, and is 
pressed by means of an hydraulic press, in order to form solid blocks of any suitable 
thickness, which are then dried and cut by saws into plates or sheets of the ordinary 
thickness of sole leather. These plates or sheets are then soaked in boiled linseed 
oil, and when dry are pressed again between polished metal plates. 

UVCira. (Vol. Hi. p. 107.) Soe Lata. 

lilOWlTB. On the Production qf Compreasrd Fuel from Earthy Lignite in Pruaeia. 
—The lignite beds of the Korth G-erman plain, although at times of great thickness 
(occasionally 100 feet), are mostly of tlie earthy or ‘ moor coal ’ variety, which, although 

S ossessed of a certain amount of cohesion when freshly raised, gener^ly breaks up to 
ust and sUck on drying; and even in the mote favourable deposits, yielding more 
compact minerals, the proportion of round coal rarely exceeds 30 to 40 per cent, of 
the total output. The economic value of such a material being exceedingly small, it 
was at one time customary to leave the greater portion of tlie produce of the lignite 
mines upon the waste heaps, or even underground, the large coal alone being saleable. 
The rapid increase in the prices of better descriptions of fuel has, however, led to the 
trial of various methods of compressing tlie slack with a view of obtaining coherent 
masses that can be burnt in an ordinary grate. Those experiments, which have boon 
principally carried out in the manufacturing districts of Prussian Saxony, have resulted 
in the development of a new branch of mineral industry, which is described in detail 
by the author, who classides the various methods adopted into three, namely : — 

1. Hand moulding. 

2. Wet coal pressing by machinery. 

3. Dry coal pressing by machinery. 

The first of these methods, the oldest and most imperfect, is nothing else than the 
ordinary hand brick-making. The slack, as raised from the mine, is mixed with 
sufficient water to form a plastic mass, which is then formed into bricks in open 
wooden moulds upon a table in the usual way. The dimensions generally adopted 
are about 8 by 4 by 24 inches, four bricks being moulded at a time. Aliout 13 per 
cent, of water is added to the slack, which generally contains from 40 to 46 per cent, 
of mine water, making from 66 to 60 per cent, of moisture in the bricks as freshly 
moulded. From twelve to fourteen days’ exposure, according to the state of the 
weather, is required to render the bricks completely air-dried and fit for use, in which 
condition, however, they still retain from 82 to 36 per cent, of water. The avenige 
compression in volume, as compared with the raw coal, is 86'4 per cent., and the 
specific gravity of the dried mass is 1*2707. A very large proportion, however, of the 
production, sometimes as much os 26 per cent., is broken in drying and handling, 
owing to the numerous fissures formed os the water evaporatee, as the mass does not 
contract as a whole. The average selling-price of hand-moulded bricks of this kind 
is from 7a. lOd. to 8a. per thousand ; the maximum number that can be produced by 
a rough workman per twelve-hour shift is about 1,200, which includes both the pre- 
paration of the mass and the conveyance of the bricks to the drying place. 

Wet Coal Preasitig JUacAinee. — The first attempts at substituting machinery for 
hand moulding were made about thirty years since, when several different patterns of 
machines, such as were then in use for brick-making, were tried. These experiments 
were for the most port failures, owing to the adoption of closed moulding tablet,* 
which, although well adapted for making bricks from moderately dry clay, were not 
suited for a material of an imperfectly plastic character like wet coal-dust. The 
newer machines have, therefore, been mainly of the continuous class ; the ooal, after 
being finely divided by paming through rollers, is mixed up to a uniform paste in a 
png mill Slid moulded by pressure throi^h a die-plate or mouth-pieoe of rectangular 
sectioa, wbenoe it posses out in a continuous stream and is cut into pieces or the 
proper sine by a frame carrying strained steel wires, which is made to traverse the 
mass at proper intervals. A principal defect in these machines is the tendency of 
the coaly mass to adhere to the cast-iron die-plate, so that it was searoely possifede to 
deliver the moulded mass in lengths of more than about 20 inchiea without breaking. 
This was partially obviated by coating the month-piece with leather, a plan that 
proved mooerately suceeasfal with the bituminous kinds of lignite, but was unsnited 
to the drier and less plastic varieties. About 1863 a more effleadoni method was 
introduced by Mr. L. Sohiiilkrb. of Magdeburg, who, having observed that the vest 
lignite mass separated more readily from heat<ed than from cold metal, snbstitnted fov 

* taim thsM of Bhadlkt and CBAvmr’s, end similar semi dry day brick maohlnei.— H. B. 
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the original oast-iron die a slightly oonieal month-piece in bronie or copper, irith 
hdlonr sides, which is ke|)t heated to about 100** Centigrade bj a ewrent of wante 
nteam from the engine driving the press. 

The meohine so modified, with some fhrther improvements in the entting frame, is 
known as HnraBL-SoBiuuBn's coal press, and has eomidetelj superseded the older 
patterns.' It 'consists essentially of a horiaontal mixer and pi^ mill, with screw 
mixing blades, which receive the moistened coal from two pairs of crashing rolls 
placed one above the other, the lower pair being set to crush all particles to a 
uniform else of 8 to 4 millimitres. The mixing and pugging appmtus is 28 ‘6 
in^es in diameter at the feed end, and diminishes to 207 inches at the deli verv 
end, and the aperture of the mouth-piece or die, which is of rectanfjpilar section, with 
the comers slightly rounded, is 0 inches by 8*8 inches, corresponding to the length 
and breadth of the finished blocks. The delivery table and cutting frame is very 
similar to that of a Olattom brick machine. 

These machines are made in three sizes, the smallest producing 12,000, the middle 
size 20,000, and the largest up to 40,000 blocks the shin of ten hours with coal of 
suitable quality. The amount of breaki^ with the larger machine is about 2,000, or 
from 6 to 6 per cent, of the total produce. The power mnired is from 10 to 20 
horse-power, according to size, the principal portion of which is required by the pug- 
mill sliaft, which makes from fifteen to twenty revolutions per minute. About 8 to 
lU per cent, of water is added to the wet slack as raised, or somewhat less than is 
required in hand moulding, the total amount of moisture in the mass as it leaves the 
press being from 60 to 62 per cent. 

The blocks as delivered from the machine are received upon boards and loaded on 
to light waggons made of flat and angle-iron bars, carrying 210 bricks up three plat- 
forms, and removed to the drying place. The drying may be effected in the open air 
in summer, when the weather is favourable, but as a general rule drying sh^s are 
preferred. When it is intended to cany on the process in wet weather, artificially 
boated and closed drying-chambers are necessary. As a rule, from eight to ten davs 
are required for drying, the loss of weight averaging 24*88 per cent., so that in an afr- 
dried condition the moulded blocks contain 28 per cent, of water. The specific gravity 
is 1*298, and the amount of compression in volume, as compared with the raw coal, 
about 60 per cent. It has been found hy experiment, m^e at the salt works of 
Darienberg, that pressed blocks, when applied in boiling down brine, have a heating 
power about 1 1 pwr cent, greater than those moulded b^ hand. But in order to obtain 
manageable fuel it is found better not to push the drying too far, as the best effect is 
got with those containing 40 or 41 per cent, of water, which stand the fire better end 
do not break up and pass through the bars uoconsumed to the same extent as those 
that are completely dried. For the same reason blocks that had been kept in store 
for some time were found to be of somewhat increased strength, having absorbed 
moisture from the atmosphere. 

The cost of the complete plant fbr wet coal-pressing, including engines, boiler, 
drying-sheds, dec., is from 2,0002. to 2,1002.; representing, at 10 per cent, for interest 
and Binkinf^ fund, about 2102. per annum, but chargeable upon the actual working 
season, which for most of the pressing establishments is about 180 days, or about 
12. 10s. per diem. The cost of production of 86,000 blocke ^ly is about 42. 10s., or 
2s. 7d. per thousand ; the average selliog prices axe from 11s. to 14s. per hundred. 

Coal Presnng . — The first experiment in the production of moulded blocke ftrom 
diy lignite, analogous to those made from coal slack, were made by the Saxom- 
THumxaiAN Bboww Goal Govpamt in the year 1868, and about the same time works 
for carrying out the proosss were erected at eeveral minea in the district of Ifrigdeburg. 
Bines that date the manufacture haa been considerably extended, and is still pro- 
gressiim. The process is based upon the property possessed by the earthy brown 
coals of becoming coherent maasee when auljijeoted to oonaiderable pressure when finely 
powdered and completely deprived of hygroscopic water. ' In order to obtain a product 
of uniform quality, it in essential that p^iclee operated upon should be uniform 
in size and as completely dried as possible, which involves the operatioDB of sizing 
and grinding, and artificial drying preliminary to the actual moalding or prjMsing. 

The first of these ie to a certain extent optional, althon^ the author eonaiders that 
it does not always reeeivs siAoient attention. In some cases the coal as raised is 
choiged directly into the ovens, in which state it is almost impmble to dry it 
thoroughly* Otherwise it ie passed over sievee of from 6 to 10 mmimktre mash. In 
order to separate the larger pieces. Both rotary and plain eievee are used— the 

ThUpnpeetgrlsanslogottitothstoC tlia upIiAltio UmeBtones of Bavoyud gwltasrland, wtalok 
didMtsgB its wlMP faetsd, tut oon be oompletely oonsoUdatsd by lahjaotlog the powder toe medsnte 
pniHH itt ft NBipintim of IN^e'^He 
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latter Mag beat adapted for the aiore eoheeira or * smeary ’ coal, as they ean be move 
readily Cleued. '^en the sifted coal is not suffloiently small it is nassed through 
emahing rollers, or in one instance, at a mine in the province of Branaenbnrff, ground 
m a Gam’s disintegrator. The latter machine the author considers preferable, as, by 
paasing heated air through, the material may be partially dried during the grinding. 
In some works the crushing takes place after the coal has passed once the drying oven, 
and is subjected to a second drying when crushed, but this is generally considered to 
be an unnecessary complication. 

The second operation, that of drying, is the most difficult part of the process, and a 
large amount of ingenuity has been displayed in the construction of ovens for this 
process. These may be classified, according to the method of heating, into steam 
and hot-air ovens, and, further, according to the means adopted for passing the 
coal through into mechanical and gravitating ovens. In the former class special 
arrangements, such as stirrers or screw creepers, are required to move the material 
upon horizontal surfaces of exposure ; while in the latter it is passed from above 
downwards through tubular chambers by a system of inclined clistribuling blades, 
The simplest and oldest form of oven is that heated by steam, with mechanical stirring 
arrangements. This, as now constructed, consists of ten hollow steam-heated hori- 
zontal discs, of wrought iron, 12 feet in diameter, placed parallel to each other, 
at vertical distances of 17*7 inches apart, so that the height of the oven is from 16^ 
to 16 feet. The discs are supported by brackets between four cast-iron columns, two 
of which form the admission and exhaust channels for the steam. Openings, placed 
near the centre and circumference alternately, are made through the discs, so that the 
coal spread on the first disc is drawn towards a central hole and discharged to that 
next below, where it is spread ont and dropped through holes near the circumference 
to the third, which discharges at the centre, and so on to the bottom. The transfijff 
is efiTectad by scraper arms attached to a central vertical shaft, which receives a slow 
movement of rotation from a steam-engine by bevel gearing. Formerly the discs 
were enclosed in a wrought-iron cylinder, and movable, the scraper arms being fixed, 
after which the latter were made movable, but the cylinder was retained. This form 
of oven has, however, been abandoned, on account of the difficulty of getting at the 
interior for repairs ; and they are now mnde without any casing, a plan which the 
author considers objectionable, on account of the annoyances caused by the dust from 
the stirrers, which not only clogs up the working parts of the press, but is a very 
inflammable material. Ho therefore suggests that in all cases tne oven should be 
placed in a closed chamber. The oven is usually heated by waste steam from engines, 
so that the temperature attained is rarely above 176° Fahr. With two revolutions of 
tlie stirrers per minute the coal remains about fifty minutes, retaining from 25 to 30 
per cent, of water, and must be passed through a second time before it is fit for 
pressing, a circumstance which sufficiently accounts for the small amount of work 
done, namely, 612 cubic feet of coal dried in the twelve-hour shift, or about half the 
quanti^ required to keep a press employed during the same time. It is usual, there- 
fore, either to have a second oven, somewhat smaller, with 10-feet instead of 12-fe6t 
discs, and working more quickly for the final drying ; or the same oven is worked 
night and day, while the pressing is confined to the day shift. 

JacoBY’s tubular oven is another kind of steam-drying oven, in which the distribu- 
tion of the wet coal is effected by gravitation. This consists of twelve parallel hori 
Eontal pipes, united at regular vertical intervals by outside bands into a coil similar 
to that of the Westphalian hot-blost stove, which is enclosed between longitudinal 
walls, forming a narrow rectangular chamber about 10 feet high, 6 feet long, and 
1^ feet broad. The pipes ore of an irregular pentagonal section, and presant a 
central ridge along the axis of the oven, uron which the coal, fed in by a hopper, 
falls, and is divert^ onwards, to be received in a second hopper below, which dis- 
tributes in the same way upon the ridge of the next pipe Mow, and so on to the 
bottom. Under each line of eteam-pipe run rectangular ohambera, with perforated 
eides, receiving a current of heated air from a fan, which is blown through the coal 
and aseiets the drying. 

The breadth or thickneas of the layer of coal in contact with the heated rarfhoei ii 
about 2i inchae. The discharge is efiheted by a curved spreading plate, monnted upon 
a radial arm, which receives a slow rmiprocatiiig movement, which can nviM ao 
aa to keep the coal a greater or leea time in the oven. Under the ordinary oondildona 
of using waste steam, both for the pressor and for heating the air lAast, the tmqpeia- 
ture obtained in the oven does not exceed 168° Fahr., or 176° ; and oonaequeatly it if 
exceedingly slow in action, the wet coal remaining in it for four hours before it is 
anffieienUy dried. Ten ovens of the dimensions given above are requred to simply 
cool for one press. They are placed parallel to each other and 20 in&ea apart, in an 
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mloMd chamber, wludi baa aa inclined floor, with a receiving hopper behind, for each 
pair of oven*. These hoppem are in connection with a screw creeper, which carries 
the ^ed coal to the prm The principal advantage as compared with the disc oven 
is that, with the exception of the discharging apparatus, there are no moving parts, 
and the fhed is automatic, so that, if the auppiy ia kept up, the work goes on 
regularly, and the cost of repairs is small. The first cost is, however, very large 
(from 8,5001. to 4,000/.), and therefore in the newer establishments all forms of 
steam'heated stoves have been abandoned in favour of the less complicated and 
more efficacious plan of drying by heated gases. The oven known as Ribubck's 
troogh oven contains a series of 32 horisontal wronght*iroD troughs, with semi- 
circular bottoms, arranged in a heated chamber. EkIi trough contains a screw 
scraper, which moves the coal introduced at one end slowly forward, and discharges 
it at the other into the next trough below, where it receives a similar motion in 
the reverse direction, and so on through a third and fourth, when it is received 
in a collecting trough running along the front of the chamber. This apparatus, 
besides being exceemngly costly, has proved difficult to manage and keep in repair, 
BO that only 3 are now actually in use. The second, or Bdobcx's plate oven, is 
similar in form to the steam disc oven previously described, circolar plates of 
wrought iron being substituted for the hollow steam-heated discs. Originally as 
many as 21 plates were used in earii oven ; but they are now generally i^e with 
only 12 or 15, that number being found to give a sufficient supply of oried coal for 
a smglo press. The outside diameter of the disc is about 13 feet, and their vertical 
distance about 12 foet. The amingoment for passing the coal from above down- 
wards, by stirrers attached to a central shaft, is generally similar to that in the 
steam disc oven ; but in the newer modification tho discliarge takes place over the 
outer and inner circumferonce of the plates alternately, instead of through holes or 
slits in the bottom, so that the receiving plate has the rim turned up to prevent the 
coal as it falls from spreading too far inward or outward respectively. The whole 
apparatus is enclosed in a rectangular chamber of brickwork, which is maintained at 
a uniform temperature of about 260° by a current of heated gases from a special fire- 
place, which convey it at 400° to 450°, and leaving the chamber at 100° or 160°. The 
coal containing 46 per cent, of water is dried to 15 per cent, in one hour’s exposure ; 
BO that an oven of moderate dimensions does a considerable amount of work. This, 
together with the small first cost of 4601. audthe moderate consumption of fuel, has led 
to the general adoption of this oven, in spite of the great drawbacks caused by the diffi- 
culty of getting at the interior for small repairs, and the extreme care required in 
feuding, which, if neglected, gives rise to the danger of the cool firing or becoming 
useless through over-heating. Great care is also necessary to prevent the access of 
air to the heated chamber; and the author recommends as a useful precaution that 
one or more steam pipes should be connected with the oven, for the purpose o# 
smothering fire in the event of the coal being ignited through over-heating. 

InLBUTBBT’s chamber oven, which, although of recent intr^uction, appears to possess 
considerable advantfige over tho older pattern, the coal is dried by passing it downward 
in a thin stream through a heated chamber, t^e distribution being effect by a series 
of angle-iron spreaders, resembling ladders with inclined steps or louvre-faced vonti- 
la^rs, which break it up into narrow zigzag streams, the action being similar tolbat of 
the Jacoby oven, but attained by much simpler means. The apparatus consists of a 
rectangular block of brickwork, about 28 feet long, 26 feet broad, and 25 feet high, 
whi(^ IB divided by internal walls into 4 oblong chambers, each of which contains 
4 pairs of spre^ing bars or ladders. Those are united in pairs by a common discharge 
apparatus, which consists of an oscillating spreading plate, which may be moved faster 
or slower according to the time that it is desired to keep the coal in the oven, and a 
screw crMper. The interior of the chamber is maintained by fire gases at 180° or 
200°, which are introduced through special flues, so arranged that one or more divisions 
may be shut off without stopping the others. Two out of the four series of chambers 
of an oven of the above dimensions, working continuously through the twenty-four 
hours, are found sufficient to kee^ a press fully employed. 

The consumption of foel in diying varies with the diflferent dasses of oven, being 
greatest in the trough ovens, which burn about 11 per cent of the volume of coal 
dried, while in the disc and chamber ovens it averages about 8 cent. 

Drp CM Prming , — The .press used for moulding the oven-dried coal into blocks 
is a modification that intxodneed by Extbb for the manufacture of |»eat fuel in 
Bavaria, which has completely superseded those of other patterns. This is essentially 
a hoviiontal redproeating plunger, moving in a steel-lined press tube which forces the 
dust cool, fed through a ronnel at one end, through a mould formed of two adjustable 
dies at the other, the amount of pressure applied being regulated the opening of 
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tlie dias. Tho pms mak«t 60 ttrokes per minute, producing an equal number of 
blmke, which are^ 160 millim^tree long, 70 millira^tras broad, and 80 millim^trea 
thick, the ends being slightly rounded ; the two former dimensions are those of the 
die, while the last represents the len^h of stroke of the press. Originally it was 
considered necessary to press the coal at a comparntiToly high temperature (40^ to 
AO" C.), but since 1864 it has been found that the quality of the product is much tlie 
same when pressed cold ; so that the older practice has been given up, as it whs a 
source of additional expense, besides causing an extra amount of dust in the prees 
houee. A certain eubstitute has, however, been made in the use of steam fur heating 
the head of the press ram, which gives a smoother and better-flaished look to tlie 
pnHlui't, 

In either <^e, however, a large amount of dust is produced, which not only clogs 
up the machinery if allowed to accumulate, but is dangerous from its ready iii6amma< 
bility.^ It is necessary, therefore, to keep the machinery constantly cleaned, and to use 
good liquid lubricating materials, besides sprinkling the floor of the press house with 
water at least once daily. When working with arti^cial light, locked lanterns are Used, 
taking air from and discharging tlieir smoko to the outside of tho building. 

The number of blocks made by a single press in the shift of tweh’e or ten working 
hours is 36,000 ; but ns most of the drying ovens are in continuous action, the work 
of pressing goes on day and night. For the production of 1 000 blocks, 7‘fi hectolitres 
of coal of 664 kilograms wot weight are requirml, which is reduced in the 6iiishe<l 
product to 8‘26 hectolitres, or 66*6 percent, in volume, and 876 kilograms, or 38^ 
pep cent, in weight. As, however, 18 to 20 per cent, of water is rctiiinod, only 2G pep 
cent, of the above amount represents the actual evaporation, the remaining 7^ per 
cent, being lost by decomposition, by heatup, and as dust and leakage in the pressing. 
The specific gravity of the pressed blocks is 1-20 to 1*22, or somewhat less than that 
of natural air-dried lignite. They are very solid, and bear transit without broskage, » 
being especially in demand for domestic purposes ; tho selling price is about Bn. or 
6/1. Gd. per thousand. 

Tho cost of a well-arranged press and drying oven, with the necessary engines and 
boilers, is at least 6,000^, corresponding at 10 per cent, to a charge for sinking funil 
and interest of 2/. per working day, or 1/. per 86,000 blocks produced. The cost 
for lal)our, fuel, and materials brings up the producing price of the above quantity to 
3/. 2s., or about Is. lOd. per thousand. Where two or more presses are in use tlie 
cost is considerably less, as the establishment charges are no greater than for a single 
one. 

The general properties of the different classes of fuel previously described are 
summed up in the following table : — 



Wet Coal as 
raised 

Hand-moulded 

Blocks 

Wet-presBcd 

Blooks 

Dry-presacd 

Blooks 

Specific gravity . 
Proportion of water per 

122- 1-29 

1*24- 1*81 

1*20- 1*32 

1*20- 1 22 

cent. 

Proportion of ash per 

42*80-47*00 

82-10-86-40 

26*60-80*00 

17*20-2 1*60 

cent. 

6*00- 9*30 

7*70-1 3*80 

8*60-10*60 

10*00-14*20 

Heating power 

188-209 

179-228 

281-287 

268-316 

Stability 

Condensation io volume 


0*17- 0*22 

0*38- 0*46 

0*68- 0*74 

percent. . 

Value per 1 hectolitre 

— 

86*4 

60*1 

66*6 

d. d. 

d. d. 

d. d. 

d. d. 

of coal used 


8-3^ 

4f-6i 



The older method of hand moulding has, during the past six years, to a consider- 
able extent been replaced by presses. In 1870, in the district of Magdeburg, about 
eight million blocks were made by the former, and seven million by the latter method; 
but in 1878 the propc^ion was changed, eight millions being hand, sixteen millions 
and three-quarters being machine made. In 1S76, 60 wet and 27 diy presses were 
erected, of which an average of 77 were at work, and converting near^ 600,000 tons 
of lignite per annum into blocks. In the whole of the Prussian dominions there were 
in the same year 106 presses, 78 wet and 33 dry. The greater proportion of the 
former as compared witu the latter is to be attributed to the smaller first cost, which 
makes them better suited to the moans of tho mine owner. Of the two classes of 
blocks, the wet-pressed are in somewliiit larger demand, which tho author attributes 
to their being comparatively cheaper for an equal amount of useful coul than the dry- 
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prewed ; 1 ton of noefti] ooalf <.«. after deducting that required for the evaporation of 
the contained -water, ooeting 17e. 2^ in the former, and 2de. 6d. in the latter dace. 
The anthor conaiden, however, that the manufacture ia atill auaceptible of consider* 
able development, both in the direction of improvement of produce and reduction of 
price.— B. A. ScKPinx, ZeiUohri^ fur Btrg-t Huttm-, u»d SaUnen-Wuen, vol. zxiv. 
p. 23^.-H. B. 

&Xlini JWCIBi Much attention has been directed to the preservation of lime 
juice, under all ciroamstanoes, since the failure to employ it on the sledging expe- 
dition of the latest Arctic Expedition. 

Mr. Robubt Elus, su^eon, writes to the Tv/mb, suggesting the addition of pure 
glycerine. He says, alluding to the lime juice usually served out to the men, ' May 1 ask 
wnether you ever tasted this stuff? 1 mean the lime juice supplied to our B^al Navy. 
Not to put too fine a point on it— as said the worthy law stationer in '* Bleak House ” — 
did you ever happen to have to drink our favourite medical prescription fur effervescing 
physic ?— mixed, not with the delicious fragrance and daansing sharpness of lemon 
juice just squeezed from the ^Iden cells of the lemon, concerning which STDxaT 
Smith said to be 10 miles from it was savagedom and heathendom, but made up, by 
the British chemist, of citric, or worse, tartaric acid, water, and a drop of lemon 
essence (or even of true lemon juice), which has become mouldy and covered with a 
layer of fungoid growth — did any of your readers or yourself taste it ? If so, it is 
easy fbr you to understand how the bluejackets hate it, and but for actual coercion 
would not touch it. It is no wonder to me that this is really so. And to swallow 
lime juice icy cold and of repulsive taste and smell I It is a downright shame and 
disgrace to present to the men su( )i abommalde stuff as this, and I can only admire 
the discipline— and the disciplined — which gets this stuff down the throats of the 
sailors, oven with the assurance from the officers that it will do them good. There, 
lot us say, lies the hated drug, now turned to stone by awful cold, and it has to be 
chopped up like paving-stones, and only half molten given to the men. 1 do not 
wonder that the men prefer, as Lord Palmkrston the gout, the threat of scurvy to 
the abominations of the lime juice Now, sir, for the remedy. It is this: — After 
separating the albuminous parts of the juice, by heat or m other ways, let the liquid 
be well mterod through a thick flannel bag, and run off into glass or earthenware 
bottles ; then a few drops of freshly propar^ oil of lemons will be judiciously added 
to it. Now for my grand secret. Sweeten it with the purest glycerine obtainable, 
and, after a slight second heating, put it into properly prepared vessels, rigidly ex- 
cluded from the atmosphere. Here is my prescription fur a compound pleasant to 
drink, free of fungoid growths, and, alxiveall, capable of preserving its fluid condition 
down to a very low point indeed. If any feel disposed to doubt the fact last named, 
let him go the Chelsea Qlaciarium, and no will there see glycerine holding aubstancee 
in suspension and in the liquid state, and sending them flowing through pipes at a 
temperature far below our ice mixtures — and so telling us how in future to prevent 
our poor sailors being disgusted with their best friend— and by this means made fluid 
and remaining so. It is this persistent fluidity which I hero suggest, and hope it 
may be valuable. It will bo a true gratification to me to learn that this humble 
memorandum lends to success — not loss to you, by whose kindness 1 am allowed to 
make it known. The Glaeiarium, used as a skating rink, in Chelsea, is a most 
valuable and interesting illustration of the wonderfully resisline power of glycerine, > 
and possibly of other sweet compounds, against tlie force of &e frost. It carries 
through many tubes its * cold,’ and — colder &an ice — freezes without freezing. Add 
a lump or two of loaf eugar and a aowpQon of lemon oil, and then a good jorum of hot 
water and fluid lime juice and old rum — and here you have a dainty cup to set before 
the Queen and the Queen’s gallant sailors.’ 

XiUlJUr. (Vol. Hi. p 120.) The international war in America was the moans of 
creating great fluctuations in the linen trade of the United Kingdom. And even 
after peace had been proclaimed there were many changes in the manufacture which, 
taking the intermediate period down to 1876, present very interesting features of 
national interest. It will oe recollected that the remarkable years of 1 862-63 hrmight 
with them the cottoju famine — an era in Britain’s history which will never be for- 
gotten by those who witnessed the terrible eflEbets of that day of desolation. Mills 
were put on half time, and ere the close of 1862 many of them had ceased altogether; 
the factories shared the same fate, and ultimately tons of thousands of operatives were 
reduced to something appros^phing semi -starvation. But while production of cotton 
goods was brought down to a mere moiety of the turn-out in 1860, demand increased 
enormously fbr those low lines of linen which then came into play as substitutes for 
calico. I^ees rose rapidly, and aU the power of the steam loom and all the snernes 
of hand weavers could barely meet current requirements. Home markets absoitoed 
immense lots of coarse fabrics, while for the rorcign trade there was any degree of 
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activity in warehoofef. In 1861 there were 1 10,1 24,998 yaxde of plain goode expor^ 
from thie kingdom, and that aggregate gradually roee until the vear of extra activity 
(1866), when 282,887,908 yarda were sent away. A partial lull came over the trade 
in the following year, which continued for the two succeeding seaeone, when better 
tames again marked the history of the manufacture, and in 1872 the exports had gone 
up to 283,838,888 yards. Very dull days followed, and for 1874 the total extent of 
business done with foreign and colonisd castomers was 146,^91,616 yards. In the 
meantime the growing taste for printed goods was mving great stimulus to that de- 
partment of Uie linen manufocture. The exports of this variety of goods in 1861 only 
reached the total of 2,617,676 yards; in 1864 there was an aggregate of 16,998,708 
sent away, and in 1876 the figures were 13,205,640 yards. It will be seen, therefore, 
that, dull and inactive as was the general trade during the past year, the exports of 
printed linens were 600 per cent above those of 1861. 

During the fifteen years that have gone by since 1861 there has been a very satisfac- 
tory improvement going on in the demand for linens throughout nearly all the British 
colonies. In course of that year the Canadian Dominion took from our merchants 
and manufacturors goods to the value of 103,Gjp6^. ; in 1866 the exports to the same 
colony amounted to 282,2682., and to 261,089^ in 1876. To the Australian Isles there 
was sent in 1861 linens valued at 171,876/.; in 1866 the amount had increased to 
323,816/., and in 1876 a further advance was made, the figures standing at 857,638/. 
The United States, the leading scat of sale for British and Irish linens, took goods 
valued at 780,334/. in 1861 —that was the firat year of the war ; an immense increase 
was experienced in the succeeding year’s trade, and this increase went on till 1866, 
when the value of goods to the Republic of the West had risen to 4,412,084/.; a 
gradual decline followed, and in 1876 the value of all the exports to the United States 
had gone down to 2,900,336/. : still this figure very far exceeded that of the exports 
to any half-dozen of the other customers of Britain. 

The Spanish West Indies have been doing a progressive business in flaxen fabrics. 
There was a total export for 1861 valued at 302,692/., in 1866 the amount was 643,061/., 
and in 1874 the goods taken off were valued at 786,064'. Germany, from whence in 
early times came over the men who taught Irish bleachers the best lessonb they had 
ever received in the art of finishing linens, took in 1861 goods 'Valued at 466,952/ , 
again to the value of 624,271/. in 1866, and a total of 669,382/. in 1876. Our neigh- 
bours over the Straits imported from Britain linen valued at 184,688/. in 1861 ; in 
1866 they imported 282,560/., and last year (1876) they took a gross value of 
421,665/. 

We have thus alluded to the comparative turns of trade in the linen manufacture, 
and shall now give some details connected with the supply of raw material, as well in 
relation to home produce as to that imported from foreign lands. The greatest yield 
ever taken off the flax-fields of Ireland was that of 1864, when there were 64,606 tons 
produced, but since then the acreable turn-out decreased considerably, that of 1868 
having been only an avera^ of 19 stones to the statute acre, a^in8t84 stones in 1864. 
Only 24,987 tons were produced in 1868, and in 1871 the crop fril below the lowest point 
reached for more than a century. The average yield in 1876 off an area of 132,878 
acres would foot up to about 24,000 tons, or nearly 20,000 tons under the quantity 
required to supply her own spindles. Taking the latest returns available os data, it 
would appear that on January 1, 1877, there were 866,500 spindles in motion at the 
flax mills in Ireland, 291,786 spindles in Scotland, and 276,120 spindles in England 
This machinery would require about 72,600 cons of flax if every spindle wus kept in 
full work * all the year round.* 

The imports of foreign flax in 1876 amounted to 70,233 tons, against 88,714 tons 
for 1874 ; but England has become the great store-house for laying up imports, and 
from her stock of the raw materials, brought from different parts of the globe, many 
of the Continental states draw a large proportion of their supplies. 

Irish farmers have made considerable ])rogreBS in the mode of cultivating The 
class of fibre grown in 1676, taken on the avenge, is much superior to that of any 
produced in the more recent yean, but there is still a great lee-way to be made up in 
the scutching department. Our Continental neighbours are fhr before us in the finish 
of fiax for the market. Hand-scutching in Ulster has made considerable progress, and 
at present (March 1877 ) the prices paid for that finish are much higher in proportion 
than the rates current for milled. There is a lack of the best machinety for tha 
•outehing process, but there is often too grmt eager nese to get through the work, and 
the result is considerable waste and mal-finish of fibre. In the preparation of flax for 
the spindles mnins and skill have not been lagging behind. 

Many slight but valuable improvemeots have been made in the hackling machines* 
OoHB^ Baoboub, and Coiibh’s brush and vertical dufler vertical sheet hackling ma* 
chine is in much favour with the Ulster mill-owners. Differing very little from some 
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othen in principle, yet 17 eareftil attention to details and marking where improve- 
ments could be mam, its proprietors have succeeded in giving this machine a high 
place as a finisher of medium and fine flax. The ‘palm for superiority has been dis- 
puted by 8. OorroN and Coxpaht, whose mschine, got up on something like the same 
prinriple, has a very large class of admirers. A^in we have Ghtonaa HoanRs's 
Duplex i^ppcr Bar Machine, which many spinners consider as quite equal to any of 
its rivals ‘in mfedium and coarse work. — H. M*C. 


Linen Exports t» 1875 and 1876. 
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Quantities 

Value 

Quantities 

Value 


Lb. 

£ 

Lb. 

£ 

Linen yam .... 

27.887.681 

1,866,684 

22,268,188 

1.460,006 

Jute yam . 

16,942,618 

226.836 

16,711,656 

227,061 

Linen and jute manufactures 

Yards 

186.703,770 

6,004,968 

Yards 

146,791,680 

4,366.673 

Checked, printed or dyed, 
and damasks and diapers . 

13.742,124 

470.296 

13,206.640 

460,207 

Sailcloths and sails 

4,067,278 

243,312 

8,117.790 

187.110 

Thread for sewing 

Lb. 

2,767,886 

363.676 

Lb. 

2,633,973 

348,861 

Manufactures un enumerated 

— 

800,779 

— 

269,203 

Jute manufactures 

Tarda 

102,105.679 

1,404,907 

Yards 

121 060,670 

1,660,668 


UQVZBAMBAX STnAOXVAVA, Fr. ; lAqmdamhnr Copal, Eng This 
tree, belonging to the order Hamamelacete, sub order lialaamiftra (Ohay), is found in 
the United States of America, particularly in the southern districts. To obtain the 
balsam the rough biirlc of the tree is slit, and the gum resin collected as it flows out, 
'I'he balsam has at first a yellow colour, and is of a syrupy consistence. After a time 
the colour darkens, and a hardness is formed having an aromatic odour, and which is 
soluble in alcohol, other, chloroform, and the fatty oils. This balsam has been sub- 
jected to chemical examination by Mr. W. L. Harrison, whose results may be con- 
sulted in the Arch. Phartn., (3) vi. 

From the results obtained it is evident that Liquidambar Styrac\/lua is very closely 
related to lAqutdatnbar Orient ale. 

AXTK07BACTBUR. See Explosive Compounds. 

AZTK0B0A08. As the name somewhat imperfectly signifies, a machine for 
* pulvorising. or granulating.’ A stone crusher used in Australia. 

&ZTMV8. (Vol. iii. p. 135.) Litmus is slid always to coutsin indigo. It has 
been thought that this may be derived from the urine used in its manufacture; but 
it is more probably an idulterution. When litmus is exhausted with spirits of wine, 
a filtrate is obtained showing a rod or green fluorescence ; from this alcohol containing 
acetic acid extracts a scarlet red colour, changed by ammonia^nto purple, like orcein. 
In this way the pure colouring matter of litmus is obtained. It is exceedingly sensitive, 
and maybe used instead nf tincture of cochineal for nitrating the carbonates of alkaline 
earths in water. — ‘ Colouring Matter of Litmus,' V. Waktha, Deut. Chem. Qes. Ber., ix. 

Wartha (‘ Ueber don liakrauBfarbstoff;’ V. Wartha, Ber. Chem. (?«., Berlin, 0, 217) 
describes four organic bodies separated from litmus. 

1. By boiling commercial litmus with alcohol of 90 per cent., filtering cold, and boil- 
ing the clear tincture, indigo is precipitated. 

2. By evaporating the violet-red mother liquor, there is obtained a beautiAil red, or, 
from many varieties green, fluoreecent substance, indifferent to acids. 

3. 1^ digesting the litmus residue after the above 'reatmeut with alcohol with dis- 
tilled water for twenty-four hours, and evaporating to dryness, and then treating it 
with absolute alcohol and acetic acid, a scanet-red body is dissolved, which resembles 
orceine, and becomes purple red, in place of blue, with ammonia. 

i. ^e brown powoer invisible in the aridified absolute alcohol consists of litmus 
oolouring matter in a state of great purity, so pure that by means of it the car^nated 
alkaline earths oontained in s^ng waters may be triturated with as great delicacy as 
by Uis use of ooohineal tincture, i^ich is fbr mm being the Mse with crude litmus. 

Mf. Aowabd W. Mitchhll read a paper before the American Chemical Society on 
June 1, 1676—* A IVelirainaiy Note on Litmus’ — in which be confirms Wartka’s 
experimental results, except that be does not obtain the indigo. In the paper pub- 
lianed in the Amenoan Christ some interesting additional facts ore gii-en. 
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XiOCIWOOB. Used in oolonring -winos, and iti detection. See Wnras. 

XiOVB M08M. The TiUandtut Uan.§oiiea. This plant hangi from the boughe uf 
treee like a tuft of long grey hair. The plant is collected and steeped in water, in 
order to remove the outer cellular portion, and the fibrous portion is used instead af 
horse hair. 

liVBUOATXirO OZU. See Oils fob Lttbbioatibo, and Vasilin. 

liimXJklllZTa. A Oornish mineral, having a near relation to Vivianite. It is, 
in thfl term of the now chemistry, * a basic ferrous phosphate.’ According to Mr. 
FjtKDKRicx Fiuld, F.K.S., who named the mineral, it consists of — 

Oxide of iron 5276 

Phosphoric acid 30‘11 

Water 1698 

99 85 

Its hnrducss is 3‘4 ; specific gravity 3*12 ; colour clear green from pale to dark, 
transparent and brilliant ; streak v&ry pale green, approaching white ; powder greyish 
white. Ilefore the blownijie on charcoal tizi^es the fiame slightly green, and yields a 
semi-fnsod blackish residue. 

XiVXirXiT AXrXTB. Boulders of this rock are found scattered over a limited area 
in the parish of Luxulyan, in Cornwall, and a magnificent block was used for the sar- 
cophagus of the Dukk of Wkixinoton in St. Paul’s Cathedral. This boulder was known 
when m situ as the Hunter’s IStone. The rock itself has never been discovered in situ. 
The granite, or sehorlaceous granite, consists of a matrix of velvet-black tourmaline 
(schorl), in which wore embedded grains of whitish quartz, occasional small and rather 
irregular crystals of felspar, aud larger and more regular crystals of the same mineral 
— orthoclaso — 1 to 2 inches long, pinkish red in colour, spotted with white, which in- 
cluded masses of black tourmaline. Examination by the microscope showed tbaif^the 
matrix was composed of a dense mass of minute aeicular crystals of schorl, matted t<v 
gether like int<ergrowiiig tufts of grass, and interspersed with white quartz. Examined 
uiiilcr transmitted light, the rock was fonnd to consist of a matrix of colourless quartz, 
often corroded with aeicular crystals of schorl (bluish variety), of irregular grains of 
brownish tourmaline, and of crystals of orthut'lase felspar mope or less decomposed. 
The quartz was generally clear and pellucid, and here and there contained minute 
endomorphs, which in some cases appeared minute betoui tea, probably schorl, but often 
were amorphous brownish grains, like fine dust. The schorl occurred in aeicular 
crystals massed together in tufts. The crystals, when cut across the prism, are trans- 
lucent indigo blue or dull greenish blue; when cut lengthwise, of a drab or pale 
brownish stone colour. The ci 7 BtalB are hexagonal prisms. By polarised light the 
longitudinal sections exhibited strong dichroism. The quartx in which those crystals 
are embedded was not only crystalline, but consisted of various granules. With trans- 
mitted light the brown tourmaline was seen to form grains of irregular outline, traversed 
by irregular cracks. The porphyritie crystals of felspar, when examined micro- 
scopically, are seen to be much aecomposed. 


M 


MMBBB AVB ABTXrZOXAZi ABZZABZB. (Vol. iii. p. 168.) At the 
meeting of the British Association at Bradford, Dr. W. J. Russbll road a valuable 
paper on the history of this colouring matter. The article referred to in the third 
volume was from the jmn of Mr. ISchunck, and is one of the highest class contributions 
to the literature of this important dye. Nothing hivs, therefore, to be add^ to that 
portion of tho paper. Dr. BnssKLL, however, has ])laced the history of artiflcinl 
alizarin so very clearly that, notwithstanding what has been said in the present 
volume under tJie head of Alizarin (p. 46), it is thought advisable to extx^t the 
latter part of that communication. 

*To trace the history of alizarin from its source we must go back io 1785, when an 
apothecary of the name of Hofxaiin obtained the cakmm salt of an acid caUed Quinio 
am from cinchona bark. This acid is now known to be of common occurrence in 
plants ; it exists in the hilbeny and in cofTee, in holly, ivy. oaki^ elm, and niMcaviw, 
and probably many other lea res. Libbig also prepared the calcium i^t, and was the 
first to give a complete analysis of it; the formula he gave tor it was 
Bauf, on repeating LnBio's experiments, arrived at a somewhat diflbrent condusion, 
and gave the formula In 1885, at Liebig’s suggestion to determine which 

formula was correct, Aluxandigr Wosxhknsxy, from 8t. Petersburg, then a student 
at Giessen, undertook the farther invebtigation of this subject, and establiahad the 



MADDBB AND ARTIFICIAL ALIZARIN 


539 


f(»rinula tlie om, in ftct, now in um. In the cdurae of tiiis inTestigntion, 

which he cnrried farther than merely eetUing the percentag;e oompoeition of this acid, 
he deecribee what to ns is of most intersst, a new snbstanoe haying peculiar and vorj 
narked properties. He says that when a salt of quinic acid is burnt at a gentle heat 
be gete aqiieous yaponr, the yaponr of formic aci^ and a deposit of golden needles, 
which are eaeily. snblinied. A^rwards he describes how this same golden substance 
may be obthined ftrom any salt of (juinic acid by heating it with manganic dioxide and 
dilute sulphuric acid ; it then distils over, condensing in golden-yellow needles on the 
sides of the receiver, and may be rendered pure by resublimation. The composition 
of this body he finds to be O'H’O, and mimes it quinoyL a name strongly objected to 
by BnnzKLins, as conveying a wrong impression of the nature of the body ; he pro- 
posed in place of it the name quiuone, by which it is still known. Far as this My 
would scorn to he removed from alizarin, yet it is tho study of its properties which 
led to the artificial production of alizarin. 

‘Homo years afterwards Wohi.kr also examined the decomposition of quinic acid; 
ho prepares again this quinone, and follows exactly tho process described by Wos- 
KUKNSKY. He states that, with regard to the properties of this remarkable l^y, lie 
lias nothing particular to odd ; however, he proposes a different formula for it, and 
fliMCovorsand describes other Ixxlies allied toll — among those is hydroqninone, C*H*0’, 
liAiTiivNT afterwards shows that the formula proposed by Wohikb is inconsistent 
with bis and OwaHAnDT’s views, and by experiment confirms tho former formula for 
this body. Although many other chemists devoted much attention to this substance, 
still its real constitution and relation to other compounds remained long unknown. 
Thus WoiiJKn, LAUunNT, Hofmann, Stadeleb, and Hk«be all had workeil at it, and 
miieh experirnentul knowledge with regard to it had been acquired One important 
point in its history was, first, tho discovery of chinranil by Erdmann in 1R41, and 
then Hofmann showing that by heating quinone with potassic chlorate and hydro- 
chloric acid, chloranil could be obtained ftom it— that, in fact, chloranil was quinone 
in which all the hydrogen had been replaced by chlorine. Perhaps the most (.eneral 
impression among chemists was, that in constitution it was a kind of aldehyde;^ 
certainly its definite place among chemical compounds was not known. Kekui.b 
suggests a rational formula for it ; but it is to Caul Grarbb that we owe our know- 
ledge of its true constitution. In 1 868 he published a remarkable and very able paper 
on the quinone group of comjMiunds, and then first brought forward the view that 
quinone was a substitution -derivative of the hydrocarbon benzol On com- 

paring the composition of these two bodies it is seen that the quinone contains two 
atoms of oxygen more and tw'o atoms of hydrogen less than benzol ; and GnAEnx, fiponi 
the study of the decomposition of quinone and from the compounds it forms, suggested 
that the two atoms of oxygen form in themselves a group which is divalent, and tlius 
replace the two atoms of hydrogen ; this BuppfMrition he very forcibly advocates, and 
shows its simple and satisfactory application to all the then known reactions of tliis 
body. This suggestion really proved to be the key, not only to tho explanation of tliu 
natural constitution of quinone and its derivatives, but to much important discovery 
besides. 

' At this time quinone seemed to stand alone, no other similarly constituted body 
being known to exist ; but what strikingly confirms the correotnsss of Qrarux’s views, 
and indicates their great value, is that immediately ho is able to apply his lately 
filled knowledge, and to show how really other analogous bodies, other quinonos, iu 
fact, already exist. He studied with great care this quinone series of compounds and 
the relation they bore to one another — the relation the hydrocarbon benzol bore to its 
oxidised derivative quinone, and its relation to the chlorine substitution-products 
derivable from it. At once this seems to have led Orabbb to the conclusion that 
another such series already existed ready formed, and that its members were well 
known to chemists — that, in fact, nnphthalin (0’*H*) was the parent hydrocarbon, 
and that the chloroxynaphthalin chloride (C'H^CIK)’) and the perchloroxynaphthalin 
chloride (C'Cl^O'**) were really chlorine subetitution-compounds of the quinone of this 
series, corresponding to the bichloroquinone and to chloranil— that the chloroxy- 
n^hthalic acid, 0'®H*Cl(HO)O*, and the perchloroxynaphthalic acid, 0'®CI*(H0)0*, 
all compounds previously discovered bv Laubbnt, were really bodies belonging to this 
series— «nd, fkither, that the supposed isomer of alizarin discovered by Marttus and 
Oniass wae really related to this last compound, having the composition, 0^H®(H0)0*. 
Farther, be was able to confirm this by <mtaining the quinone itself of this series, the 
body having the formula C'®H*(0*)", containing also two atoms lees of hydrogen and 
two atoms more of oxygen than the hydrocarbon naphthalin ; and to this body he 
gave the characteristic name of naphthoquinone. The cnlorine compounds jnst named 
are, then, chloronaphthoquinnnes or chloroxynaphthoqninones, and correspond to the 
former ohloroquinones ; and Hastius and Gbiess's compound will be an oxynn^ditliu- 
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S uinone : many other compounds of this series are also known. Another step eon- 
rmatoxy of this existence of a series of quinones was made by Grabbb and akbci- 
vakn : as the chloranil could be found by treating phenol with potassic dilorate and 


hydrochloric acid, and quinone derived from it, wey showed that in the next higher 
aeries to the phenol series, viz., with cressole, the same reaction held good ; and by 

(CH*^ 

treating it in the same way they obtained a di- and a trichlorotolnquinone, €*• * 

fCH« 

O' -I (O’)", which in physical proportios very closely resembled the corresponding 
(Cl* • 


compounds in the lower series. Other compounds have also been prepared. 

In the next sbra we have the application which connects these series of discoveries 
with alizarin. Following the due of a certain analogy which they believed to 


exist between the chloranilic acid chloroxynaphthalic acid 

^ which they had proved to be quinone compounds and alizarin, believing 

that a certain similarity of properties indicated a certain similarity of constitution, 
Ghabbb and Libbbhmann were led to suppose that alizarin must also be a derivative 

from a quinone and have the formula theory they were able 

afterwards to prove. The first thing was to find the hydrocarbon from which the 
quinone might be derived. This was done by taking alizarin itself and heating it 
with a very large excess of zinc powder in a long tube, closed at one end. A product 
distilled over, and condensed in the cool part of the tube. On collectingv it and 
purifying it by recrystallisation they found they had nut a new substancA but a 
hydrocarbon discovered as long ago as 1832 by Ddimas and Laurbnt, and obtained by 
them from tar. They had given it the formula ; and as apparently it thus 

contained once-and-o-half as many atoms of carbon and hydrogen as naphtbalin did, 
they named it paranaphthalin. Afterwards Laurknt changed its name to anthracene, 
by which it is still known. Fritzsgmk, in 1857, probably obtained the same Ixxly, but 
^ave it the formula AndbrsonrIso met with it in his researches, established 

Its composition, and formed some derivatives from it. Limfrich, in 1866, showed it 
could be formed synthetically by heating benzol chloride (C’^HTl) with water ; and 
Bbrtublot has since proved that it is formed by the action of heat on many hydro- 
carbons. This first step was then complete and most satisfactory ; from alizarin they 
had obtained its hydrocarbon, and this hydrocarlion was a body already known, and 
with such marked properties that it was easy to identify it. But would the next 
requirement be fulfilled ? would it, like benzol and naphthalin, yield a quinone ? The 
experiment had not to be tried ; fur when they found that anthracene was the hydro- 
carbon formed, they recognised in a body already known the quinone derivable from 
it. It had been prepared by Lauuhmv by the action of nitric acid on anthracene, and 
called by him anthracenuse; and the same substance was also discovered by Andebsow, 
and called by him oxanthracene. The composition of this body was proved by Abder- 
soH and Laumkht to be 0'*H*0*, and thus bears the same relation to its hydrocarbon 
anthracene that quinone and nanhthac^ui&one do to their hydrocarbons. Gbabrb gave 
to it the systematic name of aiiwraqumune 

' We have then now three hydrocarbons — C*H*, and — differing by C*H*, 

and all forming starting-points for these different quinone series. Anthraquinone, 
acted upon by chlorine, gave substitution productn such as might have been roretold. 
It is an exce^ingly stable compound, not acted upon even by fusion with potassic 
hydrate. Bromine does not act upon it in the cola, but nt 100** it forms a bibioman* 
tnraquinone. Other bromine compounds have also been formed. 

* Now, if the analogies which have guided them so far still hold good, they would 
aeem to have the means of forming alizarin artificially. Their theory is that it is 

dio^aathraquinone and, if so, judging from what is known to take 

place with other quinone derivatives, should be formed from this dibromanthraquinone 
on boiling it with potash and aoda, and then acidubiting the ^lution. They try the 
experiment and describe how, contrary at first to their expectation, on boiling dibiom- 
anthraquinone with potash no change occurred ; but afterwards, on using Utronger 
potaab and a higher temperature, they had the satisfaction of seeing the liquid UtUe 
by little become of a violet colour. This shows the fomation of alizarin. AitetwaidSy > 
on acidifying this solution, the alizarin separated out in ysllowish flocks. On volft- 
tiliskg it they get it in crystals like those obtained from madder ; on OKidiiiug it 
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with nitric acid they get phthalie acid, and on preoipitatiiilg it with the oxdintry 
mordants, or other metallie solntions, they get oomponods exactly comparable to 
thcee from the natural product. Every trial confirms their snooess ; so, by following 
purely theoretical considerations, they We been led to the disooveiy of the means of 
artificially forming this important organic colouring matter. A spMial interest must 
always 'attach itself to this disooveiy, for it is the first instance in which a natural 
organic c^ouring matter has been built up by artificial means. Now the chemist can 
compete with nature in its production. Although the first, it is a safe prediction that 
it will not long be the only one. Which colouring-matter will follow next it is im- 
possible to say ; but, sooner or later, that most interesting one, scientifically and prac- 
tically, indigo, will have to yield to the scientific chemist the history of its production. 

* Beturning for a moment to the percentage composition of alisarin, now that we 
know its constitution, its formula is established ; and on comparing it (0'*H"0*) with 
all the different formula which have been proposed, we see that the one advocated by 
ScHUNCK was most nearly correct — in fact, that it differs from it only by two atoms 
of hydrogen. It is not without interest to note that the next most important colouring^ 
matter in madder, purpuriri, which ao pertinaciously follows aliaarin, is in constitution 
very nearly allied to it, and is also an anthracene derirative. 

* Scientifically, then, the artificial production of this natural product was complete ; 
but the practical question, Can it be made in the laboratory cheaper than it can be 
obtained from the root? liad yet to bo dealt with. The raw material, the anthraoene, 
a by-product m the manufacture of coal-gas, had as yet only been obtained as a 
chnroical eurionity : it had no market value ; its cost would depend on the labour of 
separating it from the tar and the amount obtainable. But with regard to the bro- 
mine necessary to form the bibromanthraquinone it was different ; the use of such an 
expensive reagent would preclude the process becoming a manufacturing one. But 
could no chca{)er reagent be used in place of the bromine, and thus crown this dis- 
covery by utilising it us a manufacturing process? It was our countryman, Mr. 
Pkrkin, who first showed how this could be done, and has since proved the very 
practical and important nature of his discovery by carrying it out on the manufacturing 
scale. The nature of Pekkin’s discovery was the forming, in place of a bibromanthru- 
quinone, a disulphoanthmquinone ; in a word, he used sulphuric acid in place of 
bromine, obtaioii^ thus a sulpho-acid in place of a bromine substitution-compound. 
The properties of these sulpho acids, containing the monovalent group HSO', which 
is the equivalent to the atom of bromine, is that on being boiled with an alkali they 
are decomposed, and a corresponding alkaline salt formed. Thus the change from the 
anthraquinone to the alizarin was effected W boiling it with sulphuric acid. At a 

f (OT 

high temperature it dissolves, becoming a sulpho acid, -{ HSO* ; and then the 

I HSO" 

further changes follow, as they did with the bromine compound. The sulpho acid 
boiled with potash is decomposed, and a potash salt of alizarin and potassic sulphite 
are formed ; acid then precipitates the alizarin as a bright yellow su^tance. 

* While Fbbkin was carrying on these researches in this country, Gaao, Grasbb, 
and LiHBBRifAifN were carrying on somewhat similar ones in Germany ; and in both 
countries have the scientific experiments developed into mooiufacturing industries. 
My knbwledge extends only to the English manufactory, and if any excuse be neces- 
saiT for having asked your attention to-day to this long history of a single substance, 
1 think 1 must plead the existence of that manufactory as my excuse, for it is not 
often that purely scientific research so rapidly culminates in great practical under- 
takings. Already has the artificial become a most formidable opponent to the 
natural product ; and in this struggle, already begun, there con be no doubt which 
will come off victorious. 

‘ In the manufactor;|r is rigidly carried out the exact process I have already described 
to yon. In tar there is about 1 per cent, of anthraoene ; this, in a emde impure state, 
is obtained from it by the tar-distiller and sent by him to the colour-works. Here it 
is pnrifled pressuto by dissolving from it many of its impurities, and, lastly, by 
Tolatiluing it. Then comet the conversion of it into the anto^ninone by ozidOlsinff 
agents, nitric or chromic acid being used, then the formation of toe enlp^ componnd 
by heating it with sulphuric acid to a temperature of about 260*^ 0. The excess of 
acid present is then neutralised by the addition of lime, and the insoluble calde sul- 
phate ie filtered off; To the Altered liquid sodio carbonate ia added, end tone the 

calcic aait of toe nl^o add is changed into the sodic salt, C'*H* ] NaSO". This is 

(NaSO" 

afterwards heated to about 160^ G. with caustic soda, thus decomposing the snlpho 
add and forming the soda salt of alizarin and toe sodic sulphite. The alizarin zalt 
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80 fomed nmaiiM io solution, givinfr to the liquid a beantiAil violet colour. From 
this solution sulphuric acid precipitates the alisarin os an orange yellow substance. 
It is allowed to settle in large tanks, and then is run in the form of a yellowish mud, 
whiob contains either 10 or 16 per cent, of diy alisarin, into barrels, and is in this 
form sent to the print-works, and used much in the same way as the original ground- 
madder was used. 

* This alizarin mud, as 1 have called it, containing but 10 per cent, of dry alisarin, 
is equal in dyeing power to about eight times its weight of the best madder, and is 
the pure substance required for the <^eing, in place of a complicated mixture contain- 
ing certain constituenis which have a positively injurions effect on the colours produced. 

* The scientific knowledge and energy which Mr. Pbbkin has brought to bear on the 
manufacture of this colouring-matter seem already to have worked wonders. The 
demand and supply for artificial alizarin are increasing at a most rapid rate, and yet 
the manufacture of it seems hardly to have commenced. The value of roaidder has 
much decreased ; and, in fact, judging by what occurred in the year of revolution and 
commercial depression (1848), when the price of madder foil for a time to a point at 
which it was considered it would no longer remunerate the growers to produce it, 
that point has now been again reached, but certainly from very different reasons. 
Last year artificial alizarin equal in value to about one-fourth of the madder imported 
into England was manufactured in this country. This year the amount will be much 
larger. 

'Thus is growing up a great industry which, far and wide, must exercise most im- 
portant effects. Old and cumbrous processes must give way to better, cheaper, newer 
ones ; and, lastly, thousands of acres of land in many different parts of the world will 
bo relieved fwim the necessity of growing madder, and be ready to receive some new 
crop. In this sense may the theoretical chemist bo said even to have increased the 
boundaries of the globe.* ** 

The cultivation of madder has suffered very considerably in the lost few years : 
this is chiefiy duo to the manufacture of ike artificial alizarin. The following table 
is given in Aubruach's book on Anthracrn : — 


1860-1861 




. 26,000,000 kilos. 

of 2,204 lb. avoirdupois. 

1861-1862 




. 27,000.000 

» 

n 

1862-1863 




. 27,400,000 

t, 

n 

1863-1864 




. 26,000,000 

(» 

»» 

1864-1866 




. 24,000,000 

tf 

u 

1866-1666 




. 26.600,000 

tt 

•1 

1866-1867 




. 18,000,000 

»i 

If 

1867-1808 




. 19,600,000 

ft 

I* 

1868-1869 




. 17,760,000 

n 

M 

1869-1870 




. 16,000.000 

II 

ft 





228,160,000 

M 

It 


Yearly average, 22,816,000 kilos. Average price, 60 kilos. » 41 ftanes. 


Maddbb, ^c., imported in the Yeare 1876 and 1876. 


1 

Oountrlei 



1876 

1876 

Madder. 

From Holland . . 



Cwt. 

8.767 



£ 

28,060 


France 

, 

, 

28,231 



22,707 

tt 

other Countries 

• 

• 

1,243 


■Hi 

1,300 


Total 

• 

• 

38,241 

90,887 

26,670 

62,078 

From 

Madder Boot. 

Holland . 



11,222 

17,768 

1,824 

2.841^ 


Franoe 



— 


3,668 

9,020 


Italv 

Tnnej . 



19,162 


12,046 

14,840 

It 



30,742 


16,218 

1M09 

tt 

other Ooontriee 



2,866 


78 

64 

1 

Total • 

• 

• 

68,981 

102,760 

88,824 

46,098 
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KASDlOt VXiOWn. {Fleur de Qcurance). This colour is obtained from 
miiddor by fermentation. The madder is stirred up with twice its weight of water, 
which is then run off. The liquid is allowed to ferment, and contains most of the 
sugar present in the madder. The moist residue is again mixed with water, and the 
whole is allowed ro ferment. The yield of madder dower is from SO to 40 per cent, of 
the raw material. Its tinctorial power is estimated at double that of madder, and 
It yields a purer purple. — Anthractn. liy Aukubacu, translated by W. Cbooxbs, 
F.U..S. 

lHAOmrTA nr wnras. A writer m Ijes Mftndes^ September 28, 1876, 
states that ningeuta has come into use ns an agent for adulterating wines on a scale 
which can scarcely be imagined. 

A small commune in the neighbourhood of Beziers containing only 1,800 inhabi* 
tants has consumed in oue year 30,000 francs worth of this dye for sophisticating 
wines See Winks. 

MAOXrSBZA CB&OS»ll nOCmBU. (See Chlorine, &c., toI. i. 781.) 
This was a process introduced by Mr. Weldon, in which magnesia was substitutetl 
for lime. 

* The process commences neutralising the acid liquor from the stills, formed by 
the action of hydrochloric acid on native manganese, with Greek stone or very nearly 
pure magnesite (carbonate of magnesium). 

* Or, if it be desirable, the Greek stone may be first calcined, and the light, easily- 
dissolved magnesia powder so made used in its stead. This operation is performed in 
a welt of cast iron, or the liquor may be noutriilist d iu the stills. 

• * The mixed chlorides of manganese and in.ignosium liquor, obtained as described, are 
pumped into the settlers, whore any peroxide of iron, alumina, and gypsum is deposited. 
This g^^ura is derived from the sulphuric acid contained in commercial hydrochloric 
acid. From the settlers the liquor is run into an iron pot or pan, where it is evapo- 
rated until it attains a state of concentration — registering a temperature of about 320*^ 
Fahr. At this stage the evolution of hydrochloric acid g3b commences, from the 
decomposition of the magnosic chloride by water. By opening a screw plug (of 
metal) it is now run into a muffle furnace, consisting of two divisions, which com- 
municate with each other by means of an iron door worked by a pulley from without. 

' In one of these compartments the evaporation to dryness is completed, and is 
accompanied by the evolution of much hydrochloric acid, plus a little chlorine. The 
residue, which by stirring constantly, at this stage, is broken up into thin cakes, is 
then transferred by means of a rake into the second compartment, where it is heated 
with access of air. 

‘ Uers the heat requires careful regulation, fbr if the temperature rises too high 
fhsion ensues, and thus the porosity of the mass is lost and oxidation impeded. The 
best heat is one designated “ blood red,’* and if this be attained and kept up, the oxida- 
tion proceeds very regularly till the end. The tendency to fuse on the part of the 
mixture is due to the ina^esic chloride, and therefore it is greater in the first place 
than afterwards, when it is partially decomposed, as mamesia exhibits no such dispo- 
sition. In other words, the furnace may be brightly red hot in the first compartment 
because the temperature is greatly reduced by the evaporation which there takes 
plaoSk As the mixture passes into the second compartment of the frtmace, it consists 
of manganese chloride, together with magnesic chloride and magnesia, hence it is 
at this stage that the temperature must be carefully watched ; but as the deoon»o- 
sition proceeds the magnesic chloride becomes less and less in quantity, and therefore 
the temperature may a!llowed to increase to some extent with the decomposition. 
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At the fame Ume that the mR^esium chloride undeigoes deeompogition, eo aleo doee 
the manganic chloride, and there is thus obtained protoxide cf manganese, irhioh 
alisorbs oxygen from the air which is admitted and becomes peroxide. This latter 
body eppears to combine with the magnesia nnder these circumstances, and fbrms 
what Mr. Whldok has termed manganate of magnesium (Mff]lfn(>^, whidi, when 
properly mode, is a dense, black, finely-divided powder.* — The Alkali Trade, p. 207. 

BIAOVST. The manufacturers of magnets — making them b^ touching with 
permanent magnets — have often noticed a state of supersaturation of horseshoe 
magnets, so long as the armature was allowed to remain attached, but which is dissi- 
patM at the first pulling off of the armature. Haboxeb says that the portative force 
in this state is double the permanent force ; this agrees with some experiments made 
bv V. S. M. Vax deb Williobn. He states that to saturate horseshoe magnets he 
places them vertically with their poles upon the poles of a Ruiivkubff coil, the circuit 
of which he opens and closes three or four times successively. It then appears that 
the magnetism of the magnets has then attained its maximum even of swpsrsatura- 
tion. The magnet is then carefblly slid, wi^iout lifting it, towards the edges of the 
polar planes of the electro -magnet. Arrived at the margin, the armature, well 
cleaned, is placed before the magnet, slowly inclining the latter, while its poles still 
remain in contact with those of the electro-magnet. As soon as the armature has 
closed the magnet, this can he raised without the slightest effort. Its carrying force 
is stated to be then nearly one-third greater than the usual permanent portative 
force of the best magnets, especially those of M. Van Wettbiusn, who has been long 
celebrated for the superior power of his magnoM. — Compteg Rendus de VAcaAhm des 
Sciences. November 27, 1876. Philosophical Magazine, January 1877. 

MAOITBT BmPX.OTi:2> BOB BBBBBWO OUB. Mr. FbbdBBICX J. 
Kino mounts a system of magnets on the periphery of a wheel, which is revolved, and 
in revolving sweeps along the surface of the ores from which the iron is to re- 
moved. We have been favoured with the following remarks from the inventor : — 

* Magnetic Process. — 1. tjpathose iron (FoO.Oo“) (density 3‘ 86), when mixed with 
blende (Zn8, density 4*0), cannot bo separated by washing. 

* 1 beat these ores to a dull rod heat, by which the carbonic acid is ezpeUed, and the 
iron becomes magnetic. It may then be completely removed by the magnetic machine. 

' 2. Iron pyrites (FeS^) and copper pyrites are frequently associated with blende ; 
their densities being nearly equal, they cannot be separated by washing. 

* I heat these until by the expulsion of a portion of the sulphur, the pyrites becomes 
magnetic pyrites\ this is quickly effected at a dull red beat, and the pyrites thus made 
magnetic and separated, the blende becomes valuable, though unsaleable before. 

* 3. Most of the above iron ores are found mixed with oxide of tin, hikI these ores 
are now stamped and burnt to render the iron lighter, when it is washed away and 
lost to obtain clean tin ore. 

* I burn these ores (but with more air than is now the practice in Cornwall), and all 
the iron compounds become highly magnetic, and are separated from the tin by the 
magnetic machine. The iron pyrites found with tin ores usually conlai n both copper and 
silver, which are both saved by the process. Two samples horn mines near Redruth 
gave by assay 4*76 and 6*12 per cent, of copper, and 1 oz. 12 dwts. silver per ton of 
magnetic iron.’ 

BKAamTZe nBB&B VBBB BOB BZBOOVBBnrO ZBOB OBBB. 

M. Thalkn has recently conceived the idea of employing the magnetic needle to find 
not only the existence, but also, in some measure, the strength, the general direction, 
and the depth below the surface, of masses of iron ore. The method deserves notice, not 
only because of its simplicitv and its practical utility, but because of die remarkable 
aesimiladon to which it leads, between the action of the magnetic deposit, and that of 
a single magnet suitably dir^ted. 

M. Tralrn measures the intensity of the magnetic action, or rather of its horixontal 
component, at a series of points as near, and at as rmlar intervals, as possible, over 
the aupposed depoait. The measurement is made with a dedination nerale, and with 
the aid of a movable mo^et. The observer can, at will, place this magnet in a fixed 
and invariable position with regard to the needle, or remove it. In each place of 
obaervation, one first brings the needle to sero, after having withdrawn the magnet; 
then, liringing the magnet near, the angle of deflection ia read off. The measure of the 
intensity of texrestrial magnetism (comprising that of the iron depodtl nan be easily^ 
deduced. A oeitain number of observations enable us to trace lines or equal Inten- 
sity, called isodynamio lines. On study of these lines, they are fbund to M disposad 
in two aeries of dosed curves, surrounding, more or less regularlv, the two jmuts 
which earrespond to the greatest and the least deflection ; between these two Mm* ^ 
lines ia plaoM a line not closed, whi8h m^ be called the neutral Rme, and whid^ 
correspoads to points where the magnetic influence of the mincowl is nil# 
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The diitinet eonclnaions at ivhich M. Tbaum has already arriyed art as followi 
rht) line which joiae the two pointe of maximum and minimum, or the magnetie 
neridian of the mine, gives the general direction of the layer of ore. The intereeo- 
.iop of this line with the neutral line, indicates the point where it is preferable to 
onunence operations. Lastly, the distance from this latter point to that of the mag- 
Mtio mwidiuta of the place for which the deflection is minimum nves half the distance 
'rom the centre of the mass of ore to the surface. These two latter results are only 
ipplieable if the depth of the ore under the surface is cuneiderable. 

It is natural to suppose that the ore owes its magnetic properties to the inductive 
nfluence of terrestrial magnetism ; the mass of ore, then', must present the character 
>famagnol, directed parallel to the inclination needle, but having its austral pole 
7 elow, and its boreal pole above. When the needle of the compass is situated on the 
lorth side of the mine, the influence of the ore counterbalances, in part, that of terras- 
rial magnetism, and the deflection produced by the magnet, which is hroimht into 
iction, will be a maximum. On the south sido, the two influences are addeiTto one 
inu^or, and the d«‘flection of the needle is a minimum. Then the general direction 
)f the mass of ore is that of tho lino which gives the two points of maximum and 
ninimuro. —Journal de Phj/aiquje. 

Tho application of the magnetic needle to this purpose is not so new as M. Thalrn 
luppoaes it to l^e. At least Ihirty-flvo years since, Mr. RonimT Waan Fox proposed 
o use his dipphig needle and deflectors for determining the presence of iron ore 
leneath tho surface, and also for measuring off the quantity of iron ore (approxi- 
iiately) in tho deposit. 

MAOXTBTZTB. (Vol. iii. p. 180, and Iron, vol. ii. p. 919.) See Lava. As 
ong sime as 1869, Dr. G. F. Chandler drew attention to a non-silicated, highly 
iluminous magnetite from Winchester County, New York. Dr. Kimuall, in tho 
4Merica7i Chemiat^ gives the following analysis of this mineral : — 


Magnetic oxide of iron 
IhhuIpliMlc of iron 
Oxide of manganese . 
Alumina . . . 

Lime . . • 

Magnesia . . . 

Phosphoric acid . , 

Sdicic acid . . 

Titanic acid « « 

Water . . . 

Metallic iron . • 

Sulphur 

Phosphorus , . 


I. IL IIL IV. 


46 86 
2-63 

0 55 




.39*36 

0-47 

7 18 

0 22 

41*28 

45*29 

20*95 

0 51 

0-32 

6*82 

13*97 

2*41 

1*18 

3*90 

1*90 

4 15 

34*44 

1-40 

009 

35*82 

29*16 

40*32 


I. 11. Granular,, massive, resinous ; 111. Banded variety, gr^ in general colour, 
und sparkling— from tho presence of a micaceous mineral ; 1 V. Quartcose variety, 
l^rey and sparkling, like No. III., but without a banded or gheissic structure. 

Those magnetites have been strongly recommended for use in iron works by Dr. 
Ktmbaix. Asa refractory material, nch in magnetic oxide of iron, and f^e from 
deleterious minerals, this ore would seem tp commend itself for the lining or fettling 
of the puddling furnace. From its probable mfiisibility at puddling fhmace heat, 
and the slow action upon it of acid slag, there is strong reason to anticipate that it 
will ‘stand* better than ordinary magnetites, titaniferous magnetites, or even ilme- 
nite. Such must have been the use made of the ore shipped from this locality 
many years ago, some of which appears to have been tested for this purpose by the 
Bethluheh Iron Company. 


Dr.KiMBAiJ. continues his remarks and recommendations in the following words: — 
Open Haartha, Regeneratiw or Gaa-fumaoaa ( Sibmhns and SmoNS-MABTiN ptv- 
oeaaea ). — One of the most important conditions in producing iron and steel by tho 
open hearths or direct processes, is a lining capable of resisting the high degree of 
heat requisite for the iprecipitation of iron, and at the same time capable of resisting 
the chemical action, without at least imparting undesirable properties either to the 
metal or slitfs. Dr. Sibmhns has recently described his experiments in search of such 
a lining, and the difflculties he met with. Quartz bricks used in the construction of 
the ftufnecs melt rapidly away under the action of the lime used in their composition, 
Imides what, in the Siemens process, it is rmuisite to add to the ore for tho forma* 
tion of fhsible slag. Silicious material is, furroermore, objectionable in the constmo^ 
tion of these ftirnaces, as it prevents the formation of basic slugs. Hence Dr. Smiaii^ 
Vot IV. HN 
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following out a eoggwitton of M. Ln C^tbubr, undertook to construct the roof sod 
■idee of the fumiMe of briclu composed of beauxite, from Beaux, in France, an alumi- 
noui iron ore (also used as an ore of aluminium) consisting esseutiallj of hydrous 
alumina, toge^er with rariable proportions of hydrous and anhydrous sesquioxide of 
iron. These bricks, although found to be equal in heat-resisting power to silex brid», 
£iiled to answer the purpose, ' owing to the great contraction of the mass when in» 
tensely heated, and non-cohesion with the same material introduced for the purpose 
of repair.' Subsequent experiments by Dr. Szbmbns to solidify beauxite powder, 
preriously calcined, resulted in the successful use of 3 per cent, of argillaceous 
■lay as a binding material, together with about 6 per cent, of plumbago powder, 
which servos to reduce to the metallic state the sesquioxide of iron contained in 
the beauxite, thus rendering the mass practically infusible. Waterglass, or silicate 
of soda, answered the purpose of a binding agent with the advantage of setting into 
a hard mass at a comparatively low temperature, although this mixture proved in- 
ferior in practice. A Lining of beauxite brick of the former composition, and bound 
together with fluid cinder, which protects the inner surfaces from contact with the 
flame, resists the heat and fluid cinders to a remarkable degree, as demonstrated at 
Birmingham by Dr. Siemens, who has observed that when beauxite is exposed to 
such intense heat it is converted into emery. The calcined beauxite used for the 
above experiments was of the following composition : Alumina, 53 62 ; sesquioxide of 
iron, 42'26; silica, 4*12. In the raw state this mineral, according to Dr. Siemens, 
contains some 12 per cent, of water. Other nnalysos give a much larger percen^e. 

The above analysis shows the beauxite used for those experiments to nave differed 
from its average composition as given by Dr. Sibmkns : — 



BIO* 

APO* 

Beauxite, raw . 

3*5 

50*2 

„ calcined . 

4*01 

67*89 

1 , raw . . 

1*76 

39*5 

„ calcined . 

2*02 

45*58 

Belfast ore. raw 

8*5 

35*0 

„ ciilcined . 

4*45 

44*58 



31*20 


Fe*0' H*0 

24*5 1 2 * 1 I Average of 9 samp^s, 

28*09 — J I St group 

45*6 12*571 Average of 8 samples, 

62*45 — / 2nd group 

38 0 21*5 

48*40 — 

37*74 18*06 Owners' circular. 


Unless further experiments should show the adaptability of other grades of these 
ores than the variety used by Dr. Siemens, the apprehension of its scarcity will hardly 
prove groundless. 

The eme^ ores, or aluminous magnetites, from Westchester Oounty, Massachusetts, 
and North Carolina, have a composition similar to that of the beauxite brick after 
being in use, except that the oxiae of iron is in the form of magnetic oxide, which 
likewise becomes rapidly reduced in the presence of carbonic oxide. The purer varie- 
ties have a remarkably small proportion of silica, aud this is probably in combination 
with magnesia and a small proportion of alumina, the aggre^te amount of which in 
the form of silicates can prove no more objectionable than the clay added by Dr 
Siemens to beauxite, which in fact contains more silica and appareutly in a free state. 
The earthy ingredients in the non-silicious emery ore, if ground sufficiently, will 
probably answer the pui^se of a binding agent without the addition of plastic day. 
These emery ores, therefore, seem to commend themselves for the purposes above 
deecribed, and, a priori at least, to aflurd grounds for the belief that they will prove 
superior to beauste or other hydrous ores of iron aud aluminium of average, if not 
indeed of the best, quality. The anhydrous nature of the former obviates we i 


(Ft. BU ; Ger. Ber Tiirkisehe Weizm.) The quantity of starch in the 
dxy kernels of maize varies between 50 and 65 per cent. Qobhaic found 77 per cent* 
in American maize. Tyrolese maize, which is used on a large scale for brewing 
purposes, is found by Hanamann to consist of — 


Starch ......... 72*55 

Dextrin 8*04 

Albumin *88 

Non-coagulable protein (soluble) • . . .1*83 

Fibrin 2*48 

Insoluble protein ....... 7*07 

Fat 4*62 

Legumin 5*27 

Extractives . . . . , . . . *84 

Mineral substoness . 1*94 


100*08 
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Maise hu been mnlted in America for a long period, and beer bail been brewed 
firom inaise-malt, but anch beer rapidly toma boot, and poaaeaaea no durability. 
Habich recommenda maiae floor, and aaya that more than 90 per cent, of extract 
can be obtained. i. 

New maiae contains 28 to 80 per cent, of water, and maiae dried in the air 12 to 18 
per cent.-^. HAKAMAim: Fukliko's Landw. Zritmgt 1876. 

OAXB. Consists of the starchy and j^lutinous refhse fibre obtained in 
the manofactnre of Indian corn. It is osed for feeding cattle. 

llBAnB OZ&. The colour of the fist of maiae depends upon the different rarietiei, 
and belongs to the drying oils. Anulysis gave — 

Carbon 76'84 

Hydrogen 11-88 

Oxygen 12‘28 

Maiae oil consists of the glycendes of oleic and palmitic acida. 

MA&ABAa Sometimes Miladia, a variety of coarse soft sugar. The name w 
used in America to signify any dark sugar, and it is frequently in hard lumps, yellow, 
brown, and bbick. 

KABTf substitutes for, in brewing. See Brewino. 

MABTOBB. A simple body obtained by Mr. Cobnblttts O’Sullivan by the 
action of malt-extract on starch . — Journal of the Chemical Society, April 1876. ' 

M. Boni>onnead regards it os a mixture of dextrine with dextrose.^^myifaa 
liendiM, Ixxxi. 

MASrOAliSRA. See India Bubdeii. 

KAirOAirailB AIiXiOTB. The only useful alloy with metals other than iron, 
is Manoanbsb Bbonzb, which eee. The alloys of manganese and iron are treated 
under Fsbro-Mamoanesii and Spiiaoulbisen. See Iron and Stbbl. 

KAirOAnSB BAOirZB. See Buonzb, Manoanbsb. 

MAVGAJTBBB. Blowpipe reaction. When a mineral substance is suspected to 
contain man^nese, it is commonly tested by fusion with carbonate of sow. The 
manganate of soda enamel is generally greenish blue when quite cold. (Ohapxan.) 
See OffROMiuM. 

MAWOABTBBB, rSBBO. See Fbbro-Manoanbbe, p. 365. 

Manvfaotwe of, in Austria . — The importance to the growing steel indust^ of a 
supply of ferro-manganese or ' spiegoleisen ’ of a high ^de induces Professor w-atw 
to bring to the notice of the American Institute of Mining Engineers some details 
of the method by which a superior article is produced in tlie Austro-HuDgarian 
Empire. 

At Beschitsa. Hungaiy, and probably at Laibach also (the Krainische Industrie’^ 
GcssUschaft), fernWinanganese is made in a blastrfbrnace, with charcoal as fuel and 
limestone as the flux. The ore is a ferruginous mixture, containing about 87 per 
cent, of sesquiozide of manganese. It is silicious, and somewhat resembles in its 
appearance the manganese ore from Bed Island, in the Bay of San Francisco, Oali- 
fornia. It contains about 29 per cent, of silica and some alumina, shown by the sub* 
joined analysis 

Analysis of Ore used at Reschitzafar Femhmanganeze, 


Silica 28-618 

Alumina 8*078 

Protoxide of iron 0-867 

Sesquiozide of iron 19-031 

S^uiozide of manganese 87*224 

Lime 2*430 

2^mn»eia 0-261 

Water 8 691 


^This ere in the fbrnace reijuires a large amount of limestone to be added as flux; 
^e larger^ the quantity of limestone, or, the more highly basic the charge is made^ 
the “ *'“® P®W6ntags of manganese in the product. Thus, by using 16 per 
cent, of limestone, and 86 per cent, of ore, the product contains about 26 per cent of 
manganese. Doubling the amount of lim^tone, about 6 per cent, is ended to the 
TOoduct, nving, eay^ 80 per cent, of manganese ; trebling the quantity of limestone^ 
^ metal containa 86 per cent, of manganese. To recapitulate results obt^ed, we 
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. givM 26 per cent. manganaM. 

. gives 29 pe^ cent manganese, 

. gives 36 per 6ent manganese. 

In a trial vith tiie ore of vhich an analysis is given, 48 per cent, of limestone wes 
added, so that the oxygen ratio of the bases to that of the acids was as 16*86 *|o«40‘68 
»1‘46 : 1, or nearly as 1*60 : 1. This is a highly basic charge, bi|^ upOn this 
depends the success of the operation and the percentage of manMnese attaint 

The blast must also be under high pressure, and be very not. In making the 
ferro-manganese at Reschitza, tlie pressure equalled from 90 to 100 mm. of quicksilver, 
and the heat was carried to 260° Celsius, equal to 482° Fahr., the highest point 
attainable with the heating apparatus in use there. With a hotter blast, and still more 
limeston< an alloy containing at least 60 per cent, of manganese could be produced. 

The quantity (if ore, fuel, and flux required to produce 60 kilograms (100 lb.) 
of ferro-mongaoese, and the cost of this pn^uct at Beschitsa, were approximately — 


Florins 

1,400 kilograms of ore 2 94 

6 hectolitres of charcoal 2*00 

* 600 kilograms of Limestone . i 0 21 

Labour, &c . 100 

Total 6*16 


This is about equivalent to three cents a pound, or say per 

Possessing a great variety and considerafain abundance of manganiferous ores in the 
JtjTtHted States, it may be expected, at no distant day, that the iroumasters will produce 
sufhcient supply for their home demand. At present the inducement to enter upon the 
mKn^fiictiire is somewhat lessened by the influx of German Spiegel, at a constantly 

* diminishing price. The imports, at present, must be from 20,000 to 30,000 tons per 
annum, mostly from Germany, and the price is about JfZb gold per ton, ibr a qualify 

’ guaranteed to contain 10 per cent, of manganese. It is entered as ordinary pig<iron. 

The domestic production does not exceed, probably, 7,000 tons per annum, but it is 
increasing. The Secretary of thip American Iron and Steel Association, in Us report 
presented Fobruaiy, 1878, gives the total annual consumption of spiegeleiisn, by the 
eight Bussumsb establishments in the United States vrjien fully employed, as not ex* 

* c^iug 26,000 gross tons. 

The New Jebsbt Zii^c CoifFANt has three furnaces, each 20 x 7 ft., with a com- 
bined annual capacity of 6,000 gross tons. This* company prodTM|#4,072 gross tons 
in 1872, 8,930 tons in 1873, and 4,070 tons in 1874, whiiib is abW Uiq present pro- 
duct This rojegol is made from the residuum left after the extmtion of the sine 
oxide of the Franklinite and the associated silicate of sine — WilUmite. Ik is a highly 
manganiferous mixture, and is favoun^ble for the production of superior spiegol of a 
high percentage of manganese. Its composition is about as follows ttwo analyses) : 


Iron 


. 82*260 



. 83*23 

Manganese . 


. 1 1 586 



. 1167 

Phosphorus . 


. 0*106 



0 19 

Silicon . 

, 

. 0 367 



0*99 

Carbon . 

. 

4*632 



4-02 


^ The Woodstock Iroh Gomfant of Anniston, Oalhouu County, Alabama, commenced 
^jaUtiug Spiegel in December, 1876, and have run out alxiuta thousand tons to this 
* d^te (1877), vaiying in manganese from 8 to 20 per cent. 

The ore used contains a little over 20 per cent, of metallic manganeee, and no 
phosphorus. It is mixed with * lump ore * containing 68‘25 of iron, 8*66 of manga- 
nese, and 1*042 of phosphorus, but these percentages are variable. The nature of the 
'product is shown by the subjoined four analyses 



D«w. 10 

Jen. 6 

Feb. 1 

Feb.S 

Iron . . 

. 86*11 

86 98 

80*37 

78*86 

Oajrbon. 

. 3*66 

4*83 

4*94 

4*82 

Silioon • 

. o-o.^ 

0*88 

0-38 

0*98 

Phosphorus . 

. 0*10 

0*17 

0-18 

0*197 

Man^ese . 

. 1018 

8*14 

14 13 

20*69 


—Professor W. P. Blake, Newhaven.— Tranaactions of the Amertoffn JnitUitU qf 
Hining Engineera, 


16 Itimestoiie 
86 Hanganese ore 
28*6 Limestone 
71*4 Manganese ore 
42 Limeetone 
67 Manganese ore 
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Jfmm/iiiUfMri eft — Mr. Mxll4b1> P. Ward dosorlbcs, at a meetiDja of the 

XntBtato of lilung Enpiieen, aomo experiments made by^^self on the 
alloys of iron and mangansM in ue blast fhmace. The ores at hand and available 
for pnrpoee were browi hematitea eontaining but a very small percentage of 
and various mimnese ores contairifeg a small percentage of iron. 

It is hardly neoessaiy hAre to call attention to the statements regarding the pro* 
duetion of iron-manganMo allpys from such ores, which are given by all the well* 
reeegnieed authorities on metallurgy. Suffice it to say, in a few words, that they 
boUMrt the operation is practioally impossible, and that in the use of oxides of iron 
and maOMnese, mechanically intermixed in the same ore, much difficulty has been 
found^npioducing spiegeleisen. Spathic ores, containing manganese chemically 
combined, are alone recommended for the production of spiegel, and even then it is 
said that well*maniiged furnaces produce only about 76 to 80 per cent, of spiegel, the 
balance of the production being white laminated pig or grey iron. 

The first experiment, which was made in July (1876). resulted in the woduotioD of 
grey iron, which contained 8 to 10 per cent, of manganese; but as thiswihs not the 
product desired, and as there was no literature ou the subject showing such iron 
could be used in the BESSKHsa process, this trial was regarded as a failure, and the 
furnace continued fti blast, making grey iron till August, no manganese ores being 
used. The next experiment resulted in the production of white iron, containing 6 to 
7 per cent, of manganese, but too much phosphorus (0 76 per cent) to be available 
for BuBSBMiaB purposes. Up to that time Mr. Wabd supposed that phosphommsuight 
be eliminated in the fhrnace in the presenee of considerable amounts of manganese. 
One reason for his entertaining such a notion was the comparison of the analyses of 
tiie * spiegeleisen ' of the Muskn Compant, and the ores from which it was made ; the 
former by Frbwius and the other by Futbbs. The spiegeleisen contained 0*069 per 
cent, of phosiramnis and the ore 0*60 per cent. Whan it was found that no such 
elimination of phosphorus took place, 4Kit that, as usual in the smelting of iron ores, 
all the phosphorus contained in the charge made its appearance in the metali 
from other bonks containing loss phosphorus were employed, and the rmult yiS thd 
production of * spiegel iron ' containing about the same percentage of man^urse as fhn>, 
last, and only 0 12 to 0‘15 per cent of phosphorus. For about two months 
furnace was worked on nearly the same burden, and nothing but spiegeleisen jx 
slightly varying composition was produced. At times the percental of manganesa 
in the charge was increased, and resulted in the production of a higher gx^e of 
spiegel for a few days, but at the end of that time the fhrnace would begin to work 
Mly, luid the old charge would be resumed. A nilmber of trials all resnlted in the 
same way, appaibof ly proving the statement of Eerl ; ' By a oonsideiable excess of 
manganese oxides in the charge, a white iron is produced containing less' carbon, Isi^; 
hard, nnd mominfusible, without any increase in the percentage of manganese.' ^ 

About Octo||| 1, Mr. Ward determined to make a new experiment with mors 
manganese ore and a much lighter burden than any hitherto employed. This resulted 
in the production of an iron containing 18 to 20 per Dent of manganese. 

From this time on, the proportion of iron ore employed was giadbally diminished, 
and the mangwese ore slightly increased ; by which means, ^hen the-oonstitnent^ to 
form a proper cinder were present in the charge, alloys ooniaining as high as 0(f per 
cent, and over have been produced. But the proportion of fuel employed to the met^ 
produced was so large, that a hot blast was erected and put in operation, by the use 
of which, and the employment of a mixture of coke and charcoal in ths place of 
charcoal, dQnsiderabls economy resulted, and the production was increased. 

The foUo^ng is an analysis of ferro-manganess made at Diamond Fnmaos^ 
Cortersville, Georgia, by Dr. 0. Wuru 


Kan^nese (metal) . 66*29 

Silicinm *031 

Phosphorus . . . . . • . . . *471 

81«g 26*68 


MM. Tboobt and Hautefbuilu^ from an investieation of the combinations of tbs' 
various metalloids with iron and manganese, draw the following conclusions as to ths 
pa rt pl ayed by mttganeM in iron-making. The manganese employed in treating 
unpurs irons wmbtnes with the foreign matters, and it is these combinations, eitbsv 
dissolved or disseminated through the bath, which render its pnrifloation the mors 
easy by eommnnioating to the riements to be eliminated the oxidability suitable to 
the corresponding compounds of manganese. This is often the ease, but manganese 
also plays a simpler part and one more easy to determine. The addition of ferro*> 
manganese, a compound which is always rich in carbon, restores to the metsl ths 
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earbon irhioh it dionld contain, and radncea the oxide of iKon, with dieengagement of 
beat, both by ita carbon and by ita manganeae. The oxide of manganeee formed in 
and diaaeminated through the metal doea not preaent the came inconvenience aa the 
oxide at iron, for it Maea almoat immediately into the alag, taking with it other 
impnritiea. Thna, whether manganeae exist in the metal before ita ^ideation, or 
wh^er it be added after a prolonged refining, the important part which it plays in 
the metalliugy of iron is due — (1) To the formation of oompounds which are pro- 
duced with a disengagement of heat greater than that due to the corresponding com- 
pounda of iron ; and (2) to the easy acorification of these compounds, for they poaseae 
ue property of oxidiaii^ while disengaging more heat than those which contain the 
same properaon of iron, especially when these compounds occur, as is often the case 
in metallurgy, in the presence of a considerable excess of metal. 

MilTfilftiniaJB, ITS amCTB W BBSBBKIUL MBTAJm It is a well- 
known fact to all BnssamR steel manufacturers using a blooming mill, that ingots 
show largo cracks in the first few passes pf the rolls, which, in the following ones, do 
not always roll up satisfactorily. * 

* This deficiency in the quality of the prodnet is generally called “ red-shortness,” 
though, in the writer's opiniem, most unjustly so. Afferent explanations of the said 
peculiarity are given by the leading authorities, each works selecting one element as a 
special soapegrat for the inferior quality of the ingot. The sulphur is generally first 
charged as ^ing the principal cause of all mischief in this direction ; then, after 
ascertgining that sulphur is not higher than the average, and sometimes lower in the 
Tery worst heats, silicon has to bear its skare of abuse. How and why silicon should 
affect the working qualities of the metal, the writer could never precisely learn, but 
is convinced that the doctrine of its pernicious influence is an established one with 
mai^. 

* In cases where silicon failed to explain everything, resort was ttCken to ealcinm, 
aluminum, and some other known or unknown elements, without settling the difficulty. 

* Every steel manufacturer knows that steel, rolling very badly in blooming, may be 
hammered to perfection, and, therefore, the mechanical test cannot be consistently 
taken as a entorion for its rolling qualities. Beal red-shortness, however, will 
show sooner or later in the material, no matter how worked. The conditions favour- 
able to prevent this * want of body ’ are apparently due to the right proportion of 
carbon, silicon, and phosphorus to manganoso, other conditions being equal ; and tbs 
necessity of keeping this proportion within the proper limits seems to increase with 
the increased size of ingots. From many analyses made, both of good and bad steel, 
X>r. Wbmdbl came to the conclusion, that with steel having little phosphorus the oo 

efficient q — was larger than 0'8 ,* and, with such as worked donbtfhlly or badly, 

it was smaller than this firaotion, meaning, by the symbols, tne respective percentages 
of the elements, carbon, silicon, and manganese, as estimated by thg^analysis of the 
steel. 

*This assumption may seem arbitrary, and the small quantity of manganese in the 
product may be considered only indicative that there was not sufficient manganese 
present for the complete deoxidation of the metal, but, on the contrary, Dr. Wundbl 
claims that a certain surplus of manganese must be present as a constitutional element 
of metal intended for blooming. 

* Hot heats, that are liable to be blown too short, come mostly in this category, And 
this led to the opinion that the highly silicioos irons were more likely to produce this 
want of body, a defect which may be easily remedied by blowing suffidently, that is, 
removing both silicon and carbon as much as possible before recarburiaation. 

'* A theory about the beneficial influence of the manganese in preventing the want of 
%ady may not be nooessarjr* But Dr. Wrkdbi. inclined to assume that manganese 
oombineswith carbon and silicon in certain proportions in lieu of iron, thereby changing 
the constitution of the metal, although such a statement may seem vary heterodox in 
view of the preponderance of iron present.' 

Some time ago Bvssbmbr steel came under Dr. Wbmuel’s observation, of which the 
analyses show^ the following composition : — 


12 8 


Carbon 

, , 

. 

. 0-28 

0-20 

o-ao 

Manganese . 

. 

. 

. 0-907 

0-837 

0-026 

Phosphorus 

• 

• 

. 0-624 

0-408 

0*613 

Sulphur . 

• 

• 

. 0-088 

0*086 

0-064 


The analyees of three heats are given as sufficient to represent the eompoeitien of 
others whose working qualities were the same. This met^ showed lose sulphur than 
the average then manulMtured ; the quantity of manganese was more than sufficient 
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to nentmliie both carbon and ailicon, and atill th« ingota crumbled up under the roUa, 
and moat of them had to be taken from tlm tables in many pieces afm a few pMses. 
Both low and high heats were tried, but either way it was imposslblo to roll the ingots 
without disintegrating them. This steel showed only a slight reaction, if any, in 
the vessel on recarburisation ; and looked, when poured into the moulds, exactly like 
decarburised. or rather, unman^anised metal. The only expluation for this strange 
behaviour might be that the spTegel used on this occasion contained little or no man- 
ganese. That this was not the case both the analysis of the spiegeleisen containing 
about 1 1 per cent., and of the steel, subsequently wowed. 

Fhoephorus by itself does not impart such peculiarities to iron as those described 
above, and the only way to escape from this dilemma was to take for granted a large 
affinity of phosphorus and manganese at the temperature of the molten metal, both 
combining to some kind of phosphide of manganese in the act of recarburisation ; so 
that manganese, instead of combining with the oxygen of the bath, combines with the 
phosphorus present, partly or entirely, and so becomes rather paralysed in its proper 
sphere. The fact of tlio munganoso percentage being unusually high rather strengthens 
this opinion, inasmuch as the manganese, by simply combining with phosphorus, will 
not show any decrease of quantity otherwise produced by the oxidation of this metal. 
An explanation like tlie one given may be contrary to the traditional notions con- 
cerning the affinity of elements, but it must be doubted whether the affinities have 
been much studied at temperatures and under conditions such ns those we are onn- 
cornod with at prosout. Is it not just as unlikely that gas-bubbles should be retained 
in .1 molten metal where such a high temperature ought to give them a high degree 
of tension ? 

In order to overcome the bad influence of phosphorus in the rolling of Bbsshmbr 
ingots, Dr. Wkmdkl suggests that the percentage of manganese in the steel should be 
four times as large as that of phosphorus, in aadition to the quantity required for the 
neutralisation of carbon aud silicon, according to the coefficient given above. The 
proportions given may need modification, but they certainly do not yield a laigOr 
percentage of manganese than required, if the manufacturer desires to be safe. 
would not exclude the possibility that sometimes steel with smaller percentages of 
mangauese may roll tolerably well. 

Before attempting bo utilise, for Bbssemteb works, irons with a higher percentage of 
phosphorus than has hitherto been allowed, it would be well to investigate whether 
the quantity of manganese necessary to insure the good rolling of the ingot does not 
impart too much brittleness to the product when cold ; and, according to results ob- 
tained, the manganese must be kept to the r^uired limits. 

The statement of the Terre-Noire authorities, that one part of phnsphorns imparts 
to the metal a hardness equal to two parts of carbon, seems to be questionabld. 
According to this statement some iron rails would compare very favourably with those 
of steel in wear, aud still they show more wear, excluding lamination.— Dr. Attoust 
Wbndhl, Troy, N.Y., Transactions of the American Institute of Mining Engineere, 

MAVOAfTBSS AlTD SZXilOOir, effects on the Properties of Steel. An in- 
teresting series of experiments were made by the late Professor Mbazbk, of Przibram, 
on the properties of difTorent alloys of iron, witlKcarbons, silicon, and manganese. 
The materials used hi making the alloys experimented on were iron wire, as pure as 
possible, and containing about 017 percent, of carbon, silicide of iron, silicide ol 
manganese, metallic manganese, graphite, and pure ^ey cast-iron. Suitable mixtures 
of these, to produce the alloys required, were rased in Hessian crudbles under a flux 
of quarts and cryolite or quartz and fluorspar. The crucibles were allowed to cool 
in the furnace, and the composition of each button of alloy produced was determined 
by analysis. 

« The silicide of iron employed was made by fusing together 100 parts of iron wu^ 

of sodium, 242 of quartz, and 106 of fluorspar. Its composition was as follows 

Carbon traces only 

Silicon 7'42 

Iron . ■ 02'68 

It was very magnetic, of a hardness between ajAtite and felspar, and brittle at ordi 
nary tsmperaturea ; but at a red heat it was msily forgeable ; and at a white heat it 
also forgM well, without cracking at the angles, and it might be welded perfectly. 
QiUenohM in water from a red heat it hardened slightly, but without altemtion in the 
appearance of the fracture. 

Particulars of the analyses and properties of flve alloys made by fusing this silicide 
of iron with different proportions of iron wire, sad graphite or cast-iron, are given in 
a table at the end of the piper. Two of those, containing respectively 0 258 per cent. 
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cf earboti with 0'643 of lilioon, and 0*176 of CHrlwn with 0*210 of silicon, were soft 
and tongh when cold, forgeable both at a red and at a white heat, and easily welded, 
t^qgh they did not contain any manganese ; while any increase in the proportion 
either of carbon or of silicon render^ the alloy nnforgeable to a greater or a less 
degree. IWessor MnAnut condndes from this wat the remarkable forgeability and 
wudabUity of the silicide of iron itself is dependent on its freedom from carbon. 

BUicide of manganese was made by fhsing together, in a similar way, a mixture of 
chloride of manganese, quartz, cryolite, and sodium. The alloy contained 87 per cent, 
of manganese and 13 of silicon. It was whitish>grey in colour, with metallic lustre, 
not magnetic, and brittle when both cold and hot It was unaltered in the air, and 
resisted the attack of all the mineral acids except hydrofluoric acid. 

Metallic manganese was obtained by fusing, at an intense heat, a mixture of oxide 
of manganese with oil and lampblack. It was irou-groy in colour, flne-grained, very 
brittle, and as hard as quartz. In the air, and oven in a stupporod bottle, it oxidised 
rapidly to a brown powder containing scales of graphite. Its composition was — 


Carbon . 

Silicon 

Manganese 


fcombinod 0*40 

t graphitic 1*00 

traces 

. . . 08 61 


100*00 

On fusing 17 parts of iron wire with 1 part of this metallic manganese, under a 
layer of cryolite and in a lime crucible, a button uf steel was obtained uf the following 
composition : — 


Carbon 0*384 

Silicon none 

Manganese 1*380 

Iron 98*236 


100*000 

This was slightly malleable at ordinary temperatures, but cracked at the edges. At 
a red heat it forged like iron, and was remarkably soft and ductile ; at a white heat 
it also forged well, and weld^ with the greatest facility. Tunuiered in water, from a 
bright red heat, it became brittle, and as hard as quart z. This result is most in- 
teresting, as the effect of manganese on steel, in quantity so much greater than that 
required to prevent red-shortness, does not appear to have been before published. 

Twelve specimens of steel were made by fusing togechor silicide of manganese, or 
metallic manganese, with different proportions of iron wire sud cast iron. These all 
forged at a rM heat ; but some of them, ospocially two containing respectively — 

Carbon • 0*28 Silicon . 1 02 Manganese . 0*004 

Carbon . 1*61 Silicon . 0*16 Manganese . 0*240 

did not weld. The percentages of sulphur in the specimens, Where stated, varied 
from 0*01 to 0 02. ildl of them, even one containing as little as 0*16 per cent, of 
carbon, with 0*38 of silicon and 0*89 of manganese, though soft and tough in their 
unteropered condition, became hard and brittle when quenched in water from a red 
beat. 

Mbxebk deduces from his experiments the following conclusions *. — 

(1.) As aflbeting the forgeability of steel at a r^ heat, silicon and carbrni are 
dstoiffisntal, while the presence of manganese is advantageous. 

Carbon affects the Ibigeability of steel more than silicon. This difference ia 
espemally marked in working the metal at a high heat. 

(8.) The favourable dfect of manganese is more sensible in forging at a white heat 
than at a red heat. 

Profesaor Mbxuk's hypothesis is that the foreign matters in steel exist as definite 
compounds, Fe‘C, Fe*Si or Fe^i, Fe*S, Fe«P, &c., dissolved in or diffiised through an 
excess of iron ; and that the greater the proportion the free iron bears to the sum of 
these oomponnds, the greater the forgeability and weldability of the metid. — M. F. 
GximxB, SulUtm de la 8ociM de rindwtris Minirale, 2nd ser., vol iv., p. 883. 

MEAVCIAlFMIMf SBSVAUUO. M. A. ’VA^NCiuimEs prepares this metal by 
redneing the pure dioxide with charcoal, in a crucible lined with magnesia. — Comftes 
Bendiu, Ixx. 

Hvoo Tamk doBcribes his process of smelting manganese ores on a large scale. 
The following is from the Chemical Newe, xxvi., p. 1 1 1 
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* Two flnxM aro nquired. No. 1, or wiiito flux, is prepared bj mixiiig together 
ground glass 63 parts, quieklime 18^ ports, fluorspar 18^ parts, it is a fluiible flux, 
and is principally required for the prepontion of No 2, or green flux. 

* The latter is made by smelting tonther flux No. 1, 84 parte ; lampblack or 
soot, 64 parts ; manganese dioxide of good quality, 60^ parts. The slag obtained in this 
operation alone is required. It presents a flue groen colour from the presence of 
inunganates, and when once prepared may be used over and over again, provided the 
manganese ore reduced is of tolerably good quality. It requires from time to time 
the addition of a little flux to increase its fosibility. 

CrucibleB . — On account of the high temperature required for the reduction of man- 
ganese, some difficulty was experienced in obtaining a crucible which would withstand 
the action of the molten flux, but it ims finally overcome by lining the crucible with 
a paste made by mixing 3 ^rts of plumba^ and 1 part of loam or fire-clay with a 
small quantity of water. This lining, which shonld not under any circumstances 
exceed half an inch in thickness, effectually protects the crucible. 

SmtlAvng th& Ore. — The following proportions are recommended : — 

Manganese dioxide, of good quality . . 1,000 parts 

Lampblack or soot 91 i» 

Green flux ^No. 2) 636 „ 

Oil in sufficient quantity to wet the mixture. 

The mixture is introduced into a crucible prepared as above directed, and a cover 
of thick wood placed over it. The wood is carbonised during the smelting, and forms 
a chiu-coal cover, which protects the mixture from oxidation. A clapr cover is sub- 
sequently luted over the whole. The crucible is then placed in a wind-fumace and 
slowly heated as long ns fumes escape. The fire is then urged, and the crucible 
maintained at a white heat for several hours, the time actually required depending 
upon the quantity operated upon. 

When cold the contents of the crucible are turned out. and the button of metal is 
detached from the slag and preserved in a well-closed bottle. 

ReJmmQi — The cast manganese obtained by smelting an ore containing 70*6 per 
cent, of manganese peroxide was found to contain, manganese 96*9, iron 1*06 with 
traces of carbon, silicon, and other metals. It may be rotinod by re-melting it in a 
close crucible with one-eighth of its weight of manganese carbonate. 

MAJrOAlTBBB OXB8. (Vol. iii. p. 200.) 

Gbbat Britain.— ^ The largest quantity of the black oxide of manganese obtained in 
this country in the last two yours was got from the Chillaton and Hogster mines, near 
Milton Abbot, in Devonshire. In 1876 those mines produced 2,764 tons, the value of 
which was 13,770/. ; in 1876, 2,430 tons, valued at 8,200/. The total produce of the 
English manganese mines in each of these years was as follows : — 

1876 1876 

Quantity Value Quantity Value 

Tods owt. qn. £ «. tf. Tons cwt. qn. £ i. d, 

3,206 11 1 . . 16,906 0 0 2,796 17 0 . . 9,783 10 0 

Our imports of manganese have been in the years 1876 and 1876 as follows — 



In 1876, 8,974 tone were imported, of the value of 44,660/-, but the names of the 
conntriei from which it came are not vet obtainable. 

VntQiinA. — ^The manganese ores of Virginia imbedded |n the Potsdam sandstone are 
composed of— 

Mn*0» MnO Fe*0» A1>0» OaO MgO SO* P*0* SiO* IPO 

66*20 4*76 6*20 3*93 1*43 0*41 0*30 0 42 14*20 302-0086. 

J. £ Mills, American Chemict, 
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fioTiTB Avuca. — ^V aluable depoaita of manganese exist in the Tieinity of the 
about ilfb^ or aixtj miles inland, in the sandstone formation of which the Table 
Nountain is an outlier. 

Nbw South Wales. — The ores of manganese have not been found in any great 
abundance in New South Wales. 

Wad has been met with. At Long Ghilly, near Bungonia, it is met with, having a 
more or less bot^oidal form and platy structure ; of a black colour, soft, with a bla^ 
shining streak ; in association with quarts, both as small veins running through the 
quarts, and as an external coating or incrustation. A specimen from this locality was 
found to contain 1*57 per cent, of cobalt and 0*36 per cent, of nickel. — Dr. Thomsoh. 

It is abundant in the diamond drift near Mudgee, both as a cement and incrusta- 
tion ; often dendritic in outline. The incrustation on many of the pebbles is evi- 
dently quite recent. 

It IS very common as dendritic markings on rocks in many parts of the Colony. 

It is found to the north of Cotumba, loose (m the ground ; also at Orange. 

A peculiar form of wad is found in cavities in the basalt at HUl End. This variety 
is very soft and porous, being composed of minute scales arranged loosely togother in 
a concentric manner — in fact, having a structure similar to that of wood. Externally 
it has somewhat a frothy appearance, with a metallic lustre ; so soft that it blackens 
the fingers, and will haidly bear handling without crushing. 

Mr. M. M. Pattisoic Muir, F.B.S.E., communicated to tho Manehostor Literary 
and Philosophical Society on November 28, 1876, the fact of a large deposit of manga- 
nese having been found near Bathurst, New South Wales. The ore is said to consti- 
tute the greater part of a considerable mountain in tliat neighbourhood. Analysis 


g|ave-> 

Manganese dioxide 78*72 per cent. 

„ protoxide 3*66 „ 

Oxides of iron and alumina . . . 6 60 „ 

Silica 6*80 „ 

Moisture 4*76 ,, 


If the percentage amonnt of the dioxide of manganese be calculated from the dried 
specimen, it will amount to 82*21. 

Caukiola. — The manganese ore of Vigunsca, belonging to the Carikthuh Ikdus- 
TRiAL CoHPAKT of Laibach, occurs in the form of au irregularly stratified mass, 
varying in thickness from 3 tu 12 ft., on the southern slope of the mountain of the 
same name, in tho district of llodmannsdorf, Upper Carniola, about 26 miles north- 
west of Laibach. The bed of ore is interstratified in the schists of the Upper Trias 
(Werferner Scries), and overlaid by the Halistatt limestone, a higher member of the 
same formation. The depoeit is known for about If mile along the strike in an east 
to west direction, and dips with the hill at an angle of about .^5°, forming, apparently, 
an inclined basin between the Triassic and the Alpino coal strata which occur lower 
down the hill. The character of the ore varies to some extent, the general appearance 
being that of a mass of decomposed yellow clay-slate, carrying irregular strings and 
patches of dark-coloured manganese ores. The best portions, which are usually 
jbund nearest the roof, have a rough irregular surface, and are of a dark steel-grey 
colour when freshly broken. Stalactitic strings and crystals of calcite, produced by 
infiltration of -water, are the only foreign minerals found in association with the ore. 
The average composition of the ore in an air-dried condition is ns follows : — 


Peroxide of manganese 
Besquioxide „ 
Silica . . 

Peroxide of iron 
Alumina. 

Carbonate of limo . 
Magnesia 
Alkalies . 

Water . 


26*09 'I „ , 

21*68 manganese 

18*87^ 

8*10 

3*11 

6*90 

0*60 

1*67 

13-72 

09*64 


31*40 


The prmrtion of peroxide of manganese, and, consequently, of available oxygen, 
is too smoU to allow of the oro being used for the production of chlorine; it is tiia»* 
fore utilised for the production of highly mangauiftrous pig iron by sitting it in 
admixture with spathio iron ores. The richest spiegeleisen, or ferro-manganese, in 
the Vienna Exhibition, containing 86 per cent, of manganese, was made from this ore 
in the Company's blast furnace at Sava and Jauorlurg. Latterly ferro manganese 
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containing 60 per cent, of manganese has been produced, urhioh is principally exported 
to France, Be&um, and England. 

The pn^ucUon of manganese ore was, in — 

1873 2,376 tons 

1874 2,960 „ 

1876 3,800 „ 

The cost of transport of th‘e ore from the mine to the urorks at Sava has been 
reduced by this method from 7«. 6d. and Os. per ton to 4s., of which amount about 
one-third represents the cost due to the inclines. The wear of the rope, although 
doing double duty (•.«. the buckets travel over it in both directions), is very small, 
being barely perceptible after carrying a net load of 6,000 tons. The cost of the 
whole line was only about 8U02., although it was constructed in the winter, in a per 
fectly barren country, more than 4,000 ft. above the sea-level, conditions involving con- 
siderable labour and trouble in the conveyance of the necessary material. — H. Fubsiu« 
m^itaohnft dc8 Jicrg- wnd Huttenmanntsc^ Vereinesfur Kamthen, vol. vii. p. 366. 

Hbssb, Ghand-Dughy. — T he quantity of manganese produced was as follows in 
the years named : — 

Tons £ Price per Ton 

1873 .... 3,271 0,810 8 0 0 

1872 .... 4,422 13,266 8 0 0 

(Country unknown). Dr. T. L. Puipsom gives the following analysis of a sample of 
peroxido of manganese, largely used both for laboratory purposes and in the ash 


Water 2*02 

Peroxide of manganoso 72*17 

Manganic oxide 6*20 

Ferric oxide 8*66 

Alumina 0*90 . 

Yttria 0*10 

Paryta 0-68 

Lime 4*01 

Magnesia 024 

Oxide of lead 0,14 

„ bismuth truce 

„ copper 009 

„ nickel 0*04 

„ cobalt trace 

„ ^illium 0*01 

„ indium distinct trace 

Araeuic acid 0’16 

Phosphoric acid 0*35 

Carbonic acid 3*20 

Potassa 0'70 

Litliia . . . trace 

Silica and rock 4 00 

Loss including fluoriuu 1*44 


100*00 

Chemical NewSj June 1876, which describes the steps of the analysis in detail. 

. MJkarOJknaa VOXiTAIO MATTMRT, (See for Lbclawchi's Cxzx, * Eleo- 
TBio Light,’ p. 350.) Recently Messrs. Muirhbxd, WoBUBif, and Latimbb Clark 
have patented a new manganese battery. To obviate several defects supposed to exist 
in manwnese batteries, the inventors employ, instead of the porous earthenware, a 
cell or diaphragm of vitreous earthenware, perforated with holes, and pireferably of 
cylindrical form. Outside of this cell they place a carbon or platinum plate, sur- 
rounded by graphite and manganese (p^lusite), each in small pieces or lumps, and 
intermixed — the whole being contained in an outer cell of glass, stoneware, or other 
■uitable material. Ineide the perforated cell is placed a zinc pole, cast in the form of 
a hollow cylinder with a slit or slits up the side ; or the zinc may be in the form of a 
solid xod or bar. The exciting reagent preferred is chloride of ammonium in a satu- 
rated solution. The carbon or platinum negative electrode is platinised, and some- 
times also the graphite lumps surrounding the negative electrode. The two poles of 
the battery are provided with suitable terminals or eonnections. the nee of the 
perforated non-porous diaphragm, the action of the battery is not imp^ed bv the 
formation of the ozysalts of zinc, and the cell is not liable to the bursting and dis- 
integratiog that takes place in the existing forms of batteries where a porous material 
is used. 
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Wbw the carbon lumpe are platinised, platinum is preferred as the negative else* 
trode. Bj plamng the negative electrode, surrounded by the carbon and manganese 
lumps^ outsit the perforated cell, a greater depolarising mass is pr^nted^ to the 
aine, and at the same time the resistance of the negative electrode is diminished. 
The sine being placed inside the coll, and being cast in cylindrical form, permits ^ 
its being brought dose to the inner surface of the perforated cell (thus diminishidjl 
the resistance of the battery), and being hollow and slit at the side, a large quantity 
of solution can be held. There is advanti^e in the use of a perforated non-porous 
cell, even if the sine plate be placed outside and the carbon inside, but the other 
arrangement is preferred. 

MAJTQVATA* The native African name of a gum resin, which is regarded as 
a copal gum, and is called by the African natives of the Mossulo country, of which 
it is almost entirely the product, MantpuLta or Maquata. It is known to exist north in 
the vicinity of Manoue Orande, but it is ' fetish * for the natives to dig for it, and 
consequently they will not bring it for trade, and even refuse to tell the exact place 
where it is round. ^ 

Until about 1858 it was a principal article of export from Ambris. Mr. Montribo, 
who has had numerous opportunities of examining this substance, says : ‘ 1 believe it 
to be a fossil gum resin. 1 have examined quantities of it to discover any trace of 
leaves, insects, or other remains that might prove it to have been of vegetable origin, 
but in vain. It is obtained from a part of Angola where white men arc not pemiitled 
by the natives to penetrate, and 1 have consequently not been an actual observer of 
the locality in which it occurs, but by all accounts received from intelligent natives 
it is found below the surface of a highly ferruginous hard clay or soil, at a depth of 
a few inches to a couple of feet. It is very likely that if the ground were propwiy 
explored it would be found deeper, but, most probably, this is as deep as the if.tives 
care to dig fur it, if they can obtain it elsewhere nearer the surface. It is said to be 
found in irregular masses, chiefly flat in shape, and from small knobs to pieces 
weighing several pounds. These are all carefully chopped into small, nearly uniform 
pieces, the object being to enable the natives to sell it by measure — the measures 
being little " quindas ’* or open baskets. The blacks of the gum country are so indo> 
lent that they will only dig for the gum during and after the last and heaviest rains, 
about March, April, and May, and these, and ,Tuue and Inly, are tlie months when it 
almost all makes its appearance ; and they will only allow a certain quantity to Leave 
the countiy, for fear that its price on the coast may fall, hence only a few tons of this 
beautiful gum ore now obtained. ... It is said by tlie natives that no trees grow on 
or near the places where the gum copal is found, and that even grass grows very 
sparingly. The very small quantity of red earth and sand attached to the gum 
snows it to be so highly ferruginous that I should imagine such was really the case.’ — 
Jngota a/nd the River Congo, 1875. 

MAJnnui. (Vul. iil. p. 202, and Mant bk, Artificial, vol. iii. p. 210.) Under 
tlie head of Phobphatbs will be found nearly all that is new on these matters. 

Our Imports of manures, tliese being bones of animals and fish for manures only, 
in 1875 and 1876, were as follows:— 


GouutrlflS 

1876 

1876 

Tom 

Value 

Tone 

Value 

From Kussia .... 

„ Denmark .... 

„ Germany .... 

„ Holland .... 

„ Belgium .... 

„ France .... 

„ Spain «... 

,1 Italy. * . • . 

„ Turkey .... 

„ Morocco .... 

„ United States of America . 

„ Brasil » . . . 

„ Uruguay . * . 

„ Argentine Bepnblic . 

„ Other countries . 

11,050 

2,003 

6,057 

3,956 

1,074 

8,971 

4,360 

8,827 

8,188 

1,744 

3,221 

6,823 

16,544 

18,613 

2,886 

£83.579 

18,455 

34,448 

25,930 

6,906 

66,045 

27,061 

24,408 

64,650 

11,532 

28,658 

36,406 

03.103 

111,971 

18,340 

10,779 

1.706 

2,708 

8,663 

5.711 

4,063 

6,668 

2,631 

4.140 

9,811 

27,099 

5,853 

£68,706 

10,755 

16,856 

22,680 

88,876 

31,190 

87,201 

17.276 

26.629 

66,906 

163,266 

89,347 

1. .. ... 

Total . 

97,217 

630.656 

85,129 

624,769 
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ChuiM ifl ftill Uimly Imported from tropical countries, and still ntalntains its 
value as a fertiliser, its remarkable power of stimulating vegetation depending on tlie 
ammoniacal salts and the free ammonia which this peculiar substance contains. 

The imporU in the years 1875 and 1676 were as follows 


IP 

Oonntlies 

1875 

1876 

Tons 

Value 

Tons 

Value 

From the West Coast of Africa . 

4,346 

£65Mi 

2,828 

ieao.267 

„ Islands of the Pacific 

6,168 

87,141 

5,867 


„ Chili .... 

— 

— 

1,810 

28,680 

„ Peru 

86,042 

1,068,670 

166,864 

1,066,068 

1 , Brazil ■ a • a 

816 

10,805 

2,044 

21,027 

„ Bolivia .... 

9,698 

63,824 

22,743 

149,089 

„ Uruguay . . 

2,326 

19,155 

664 

6,608 

„ Australia (Victoria) . 

1,676 * 

10,127 

1.507 

10,024 

„ Other countries 

8,490 

28.209 

6,889 

64,141 

Total . 

114,464 

1,298,436 

199,291 

2,296,744 


Unenumerated. 


Couiitrloa 

1875 

1876 

Tons 

Value 

Tons 

Value 

From 

Germany .... 

38,014 

£70,880 

35,100 

tn.m 

M 

Belgium .... 

1,606 

12,002 

2,641 

15,441 

If 

Frauco .... 

38,921 

82,041 

86,129 

66,116 


Portugal .... 

18,931 

73,655 

18,914 

68,083 

II 

United States of America . 

72,347 

177,862 

90,948 

223,698 

If 

Hayti and St. Domingo 

4,477 

15,440 

5,725 

22.199 

II 

Uruguay .... 

1,351 

9,892 

— 

— 


British North America 

— 

— 

5,646 

20,344 

If 

British West India Islands 

6.900 

26,355 ' 

6,468 

28.868 

II 

other countries . 

8,682 

82,180 

8,141 

86,494 


Totil . 

190,889 

490,213 

204,747 

543,165 


Copralitea and Phoaphatic Nodidea are produced inconsiderable quantities in Suffolk, 
in Hertfordshire, and Oambridgeshire, while smaller parcels are collected in some of 
the south-eastern districts, the total quantity produced in 1876 being, according to 
the Mitral Statistioa of United Kingdom^ 258,160 tons, valued at 626,0001. 

Phosphorite or Phosphate of Lime was found in small quantities in North Wales, 
209 tons being produced from the Berwyn range in Montgomeryshire, and 20 tons 
from Pennant in Flintshire. 

MAjru&B BKAOMnmT. The basis of most of the artiffeial manures 

manufactured in this country are the phosphatic stones found generally in the Eastern 
Counties in nodulous forms. These, u large, are first broken by what is known as a 
«B1akb’b at/)no Breaker* (see Sroira Biuukbb, and Stomb amd Obb Cbushbbs, vol. iii. 
p. 918, and also in this volume). 

Messrs. E. R. and F. Titbnigb, engineers, of Ipswich, have devoted a considerable 
amount of attention to the construction of miUs for the preparation of artificial 
manures. From their machines the accompanying have been selected as showing, in 
the simplest form, the admirable construction of this class of mill. The drawings 
have been most obligingly fiirnished by the inventors. 

The material, after it has been broken in the stone breaker, is then pass^ through 
a crushing mill, shown in front and end views figs. 2867 and 2868, in which a a are 
the rollers ; bb, powerful wrougbt-iron weights levers with their fhlcrums at o, 
giving pressure to the rollers through the pins, n d. b is the hopper from which the 
material foils upon a slide, f, which delivers it evenly to the rolls, in passing through 
which it is reduced to a suitable sise for grinding. The latter operation is effected by 
the mill {figs. 2399 and 2400) ; the firet representing it in elevation, the eeoond in trana- 
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▼VTM Meli^ It eoniiito of a yeiy heavj pair of millato&as, a being the rannw, b 
lh46il-atoiieb a ia iupporled and balance on the top of the ipindle, o, whieh giTei 
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it rotaticm through the bevel wheels, n p, from the revolving shaft, a ; the material if 
IM thriCngh the hopper, h, and passing down through the eyes of the runner stone, is 
gKiund between the face of it and of the bed-stone, and is delivered through the spout 
1, in ^e state of an almost impalpable powder. 

It is next carried, usually by mechanical means, to the mixer 2401 and 2402), 
which consists of a case, a, made of either wood or iron, lined with lead, having a 
horizontal shaft, b, running through it carrying a series of blades, o, c, c, fixed heli- 
cally thereon. The ground material pMses into the machine through the hopper, n, 
and simultaneously an almost equal weight of acid is admitted through the pipe, n, 
the supplj^ being controlled by the attendant through the earthen cock, r. When tho 
matenal is sufficiently amalgamated, the discharge is ofiected by opening the valro, o ; 
the material, then in a fiuid state, flowing out into the store below, where it quickly 
consolidates, and under the name of superphosphate possesses a high manurial value. 
See Fhosphatus, &c. 

MASBSB. Herr Jahn, of Praguei has recently introduced a now system of 
preparing the mash for the distillation of potato spirit. For a long period a steamex 
manufactured by Hmintzr has been long used in Austria, but Jaiin's appears to l>e a 
groat improvement upon it. This masher is applicable to many other purposes ; we 
therefore think it desirable to describe it. 


2403 



2404 



Figt. 2403 and 2404 show Jaiin’s apparatus in front and side views. In n the 
potatoes are steamed and forced through a into the disintegrator, a, which gives a 
mash of the finest and most even Quality. When the mash has been cooled to the 
proper temperature the wort is introduced and worked up with the mash in the dis- 
integrator. This is left till saMharification sots in, and is tlien run into die refrige- 
rator through the cook, j. r is the manhole through which the potatoes can be 
introduced, b tho mauhole in the bottom of the steamer, a the steaxa* valve, h the 
safety-valve, e the manometer, h the cock for the oondense-water, d the driving- 
puUies. The potatoes which are sent down into the disintegrator from the steamer 
offering so little resistance to their final reduction, the apparatus can very well be 
driven by hand. 

This maeher can be connected with the ordinary cylinders or steamers. 

When a good mash tun is already in work, and the results are considered satie- 
factory, the upper part of Jahk’s apparatus can be used in combination with the 
maeh ton. li aesired, a refrigerator can be combined with it. and it can then be used 
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in Mdontion of maiM and oorn. Maim, if used, shonld not be husked ; and both 
tnniie and eom most be prepared for steaming by immersion for a suitable time in a 
UeepSng vat. TheuipanituB can be set up in a few hours. 

' WAlJitSUITTiK the name given to the explosive compound which destroyed 
the Fort de Joux, in Switscrland, in Janoai^ last (1877), is simply uitro>glyoerine 
mixed with sand and chalk and coloured with ochre. According to La Nature, its 
inventor, M. Bikl, in April 1875 established near Sadgnia, in the canton of Geneva, 
a mannActoiy for it, which exploded, killing and wounding several persons. A few 
days afterwa^ six casks of mataxiette were elandeatinely despatched for Pontarlier 
and declared as manure ; these were seised by the French custom-house offioers of 
Verri&res and sequestrate at the Fort de Joux. These six casks were next purchased 
by Swiss manufacturers. 

The French railways being refused for transport of this dangerous merchandise, 
the purchasers sent oars to the fort to convey it away. This was attempted on the 
afternoon of January 18. Precautions of every kind had been taken to insure safety. 
Thus sheets of caoutchouc were spread on the ground, and the persons charged with 
manipulation of the casks wore woollen socks. 

Spite of all precautions the mataziette, from some cause or other, exploded about 
halfpast four. The effect was terrible. The new fort was entirelv destri^ed, a few 
sides of wall and a turret wore all that remained. Enormous blocks of masonry, 
some of them a cubic were thrown on to the way between the old fort and the 

new, and broke the rails. The commotion from tlie explosion was so violent that a 
French custom-house officer, at a distance from the fort, was severely wounded by 
the fragments of glass from the window of a house near which he happened to be. 
The sound of the explosion was heard at a distance of several leagues, and the ground 
trembled considorably. 

The place where the fort stood presents the aspect of a mere mass of dibris. 

M. HAnixs, who was employed to examine into the cause of this explosiop, attri- 
butes it to the defective manuf^ture of the Bihi. explosive. It may have been that 
the nitro-fflycerine, os occurs where a defective absorbent has been employed, exuded, 
accumulating in a certain quantity at the bottom of the casks. The shock against the 
walls in loading may have caused the explosion of the liquid separated from itc ab- 
sorbent. * Whatever the true cause may be, the disaster of the Fort de Joux shows 
once more with what care this explosive agent must be bandied. See Explosive 
COMFOUXDS, p. 865. 

MSAflUMS, aOTVTIAir. The late Sir Hbxbt Jaxu, R.E., F Jt.S., has 
made the following remurks upon the ancient measures of length : — 

‘ 1 have endeavoured to recover the correct lengths of the most ancient measures of 
length with which we are acquainted— viz., those of Ancient Sgypt— not onlv because 
our own measures are obviously derived from them, but because we thus obtain the 
accurate relative value of the measures and distances given in the most ancient works 
OB astronomy and geodeey which have come down to us. 

* The ancient ISgyptians employed two measures of length —vis., the common and 

the royal cubits. « 

* 1. As icfffuds the common cubit, wo have the statement of Hbbodotus that the 
Egyptian cubit was equal to the Greek cubit, *' that of Samos ; and we learn from 
the measnrements of tne Hecatompedon at Athens, by Phnbobb, that the Greek foot 
was equal to I'OIB ffiot, or 12' 156 inches, and, consequently, the Greek cubit was equal 
to 1 ‘520 foot, or 18*240 inches. 

‘ 2. The most recent measures of the base of the first or Great Pyramid, that ei 
King Chbofs viz., those made by the Royal Engineers and Mr. Ikglib, a civil engineer, 
give a mean length of 9*120 inches, or 600 cubits, of 18*240 inches, ibr Uie side of the 
square base, or 750 Elgyptian feet, each Egyptian foot being equal to 1*018 Enslieh feet. 

* 8. The second pyramid, according to the meBSnres of Oolonel Howabd Ytsb end 
Ifr. PfeBBiMO, a base of 707 6 feet square, or 700 by 101 1 feet. 

*4. Yhe thiid pymmid has a base, according to Vtbb and PtoBDro, of 854*5 fset^ 
or 850 Elgyptisw rest square, of 1*018 English foot exactly. 

'We msry therefore lesnme that 1*018 feet was the true length both of the aneiehfi 
Greek and the ancient common Egyptian fbot, and that the leqgth of the ** oommoa 
El^ian oabit ” wae 18*240 iadbes. 

^We have in the British Museum a double ** royal cubit" finind in the ruins of the 
templw of Karaak, in Egypt; and I found its length to be 41*40 inehee, and that of 
the liogle cubit eonseauently 20*70 Indiee, or 1*725 foot. 

* The pyramid whion stands in the middle of the three, before the Great Fynmid 

(that of the daughter of King Omore), has a base, according to Vtsb and PtaiiiOi 
of 172'5 feet square, and therefore 100 royal enbite exactly. Bat the same authoBg 
give the bncdthi of no leac ^ passages in the pyramids, inelodiug thf 
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•iitranoM to the first, second, and third pyramids, all of 41*d inches : beins two cvbiU 
of 20*760 inches. 

* DouBsnm, from the measures of the nilometer at Elephantine, and of 8 or 4 
cnbits fbond in the mins of Memphis, which almost exactly otrrespond irith each 
other, estimated the length of the royal cubit at 20 721 inches (see CowDin, DioHon* 
noire det Poidi it Mesurea). 

* Looking to these facts, and feeling it almost certain that the common and the 
royal cubit had some definite relation to each other, like that between the link and 
foot of our own country (66 feet equal 100 links), 1 infer that the most probable 
length of the roral cubit was 20*727 inches, and that 88 royal cubits were equal to 
100 common cubits of 18*240 inches. 

* This does not admit of rimd demonstration. But the dimensions of Vrsu and 
Pkrrino seem to be nven to the nearest half-inch only ; and the measures of length 
sold in this country differ from one another quite as much as the length of the do^lo 
cubit in the British Museum differs frdkn its estimated length.' 

MBWTAMTTBnr. A bitter substance found in buckl^an {MmyarUha iT\faliata), 
It is obtained as a nearly colourless mass, which, after drying, is amorphous, friable, 
pormanent in the air, neutral, and has an intense and purely bitter taste. — Watts’s 
Dictionary of Chemistry. 

XSROntT. (Vol. iii. p. 227.) The following interesting notice of the pro- 
duction of cinnabar in California is irom the pen of Senor Don F. Sola : — 

* At the time of the gold fevor in California the gold-finders in the “ placors ” used to 
come across mins of reddish stone of so high a specific gravity that on washing the 
sands they always settled at the bottom of the cradles, after lighter matters had been 
removed. The name of “ red stuff** was given to it by the miners, just as thaH^ of “ blue 
■tuff" was given to other numerous fhi^ents of a bluish colour. The flrA were 
cinnabar, the second an extremely rich sulphate of silver. 

* In a country where science and action come together for the common good, these 
indications were speedily utilised. When the importance of the *' placers ’’ became 
less, investigationB of a costly nature were set on foot. At the cost of labours which 
would ^ve discouraged less energetic and enduring men, the veins were discovered 
which are now great sources of wealth. At the present time New Almaden, New 
Idria, Napa, Colusa, Sonoma, and Lake Colorado afibrd ample field for the ener^es 
of the American ra e, which to its unresting exploration has added unresting winning, 
and to these an unresting progress in the method of treatment of the output. Three 
patents fbr distilling furnaces are in existence : Handal’s, Knox and Osbobm's, and 
Livxbmobi^s. These are for treat! ng poor ores, either in cakes or in a pulverulent con- 
dition. Ores differ very considerably in richness, the range being from 20 to 2 per cent. 
All has been the work of less than a quarter of a century, and at the present time more 
than half the world's consumption of quicksilver is yielded by that privile^ country. 

* The metal is brought to market in iron flasks bolding 70 lb. (84*6 kilogram^ of 
mercury. Of the total annual p^uction of 100,000 bottles, 60,000 come from Cali- 
fornia. From the port of San Francisco, where the greater part of this is shipped, 
there have been forwarded, daring the last fifteen years, 400,000 bottles, of the total 
value, in round numbers, of 2,860,0001. New Almaden, which for some years has 
been the most productive mercury mine in the world, produced 84,766 bottles in 1862, 
40,801 in 1863, and 47,191 in 1864. The highest output in any year of the ori^nal 
(Spanish) AlmiUlen mine was 82,886 bottles ; its annual rate at present is restneted 
to 9,000 bottles. The results of the American production have been, in the first 
place, to arrest the upward tendency of the price of quicksiLer, and, in the second^ to 
mcrease stodc, as shown by the contrast between the 28,601 bottles entered at 
New Yorx in 1874, and the 47.166 entered in 1876. In the third place, the eon- 
sumption has so increased that China, which in 1878 took l^^OO bottles, figures in 
the statistical accounts of San Francisco in 1876 for 18,190 bottles; whileMsKleo, 
which in the first of these two years limited its demands to 8,761 bottles, took 0,767 
in 1876. Lastly, the home consumption hu been enabled to rise to 16,000 or 90^000 
bottles a Tear, which is the Quantity retained by the States for their own UM. The 

Bedington, 18,000 bottles; New Almaden, 9,000; New^dria, 4^* 

8,400; Great ^^setem, 3,400; Saint John, 700; Liverdale, 7jt^; Boek^ 700; 
Manhattan, 460 ; Great Eastern, 400 ; Fheenix, 860. The 1f9%ht her^ showB is 
about 1,420 tons. The production of Sulphur &nk, which ‘ 

among American quicksilver mines, and that of eevetal mil 
not induM in the documents which we extracted the 

* We can now see to what an extent the market has been mottifwd. hM 

fiever bsen in a poeitiou to ofibr more than 40,000 botUsf a year; ths Alawdso fiuv 

now producing up to a standard of 26,000 bottlM06iid ths itsadscd as»auff|ition 
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hfitig about 100,000 botiUt. The diilbreiiM it forniibod bj othw aouroM of aupplj 
than Spain. Tho quidudlTor markat, therefbre. it if aflf-ovid«nt, ia no lonm n 
monopoly of Spain. It waa oura ao long aa wara the only produoan ; but Knyand, 

wumimatoia aU piodnean ara Oeuifotii, aa aha oonaumea on her own account about 
half the total product, or aaj 46,000 bottlea, haa become the Said of competition, and 
the hea been tranafened to London. To thia change the houaa of BoTsaoEiLD 

haa contxibnted by the ahare it haa taken in quiokailver tranaaetiona, the poaaaaaion 
of the Spaniah minea having been made over to It for a certain number of yaara. 

* Fortunately for ouraelvea (Spain), the heavy coat which the Oalifornian mercury 
haa to defray for carriage before it can make ita appearance on the London market, 
aa well aa other chargee which it haa to bear before it leavea iU ^ of exportation, 
aiFeeta it sufficiently to tell very decidedly in oar favour, and mtfc oor competition 
posaible. Tho time, however, la come when we should do well to rouae ouraelvea 
from any dream of undiaturb^ poaseaaion, and endeavour to get all the proSt we can 
out of conditions which we are not in a position tu annihilate. The decioad tendency 
to rise, which was marked before the discovery of CUifomian cinnabar, has not only 
not been oontra-indioatcd. bnt there haa been a considerable decline.' 

FuAitOH. — In the detritus from the hill called * Boia de Oasilhac,' in the canton of 
Ganges, D4purtement de THArault, native meroniy has been often noticed. It ia also 
present in the detritus from a mountain forming part of the chain of Seranaa, in the 
canten of Sto.-Martin de lx)ndres (H4rault).~M. N. Thomab, ComptM Ifendus, Ixxxii. 

Japan.— -Quicksilver is found in Japan, bnt it is not worked at prasent ; there was 
one mine in BJkuahin that was considered promisii^, but it requires a greater outlay 
to work it successfully than the Japanese seem inclined to iuvest ; they appear to 
prefer lending their money out at the high interest usually obtainable, to expending 
their capital for an uncertain return. China imports nearly all tho quicksilver uaea 
in Japan ; in 1873 England imported 160 lb. 

New 84)Tttu Wales.— The Bev. W. B. Claux, M.A., aaya in the Mines and Mmerai 
Sfatiatics 

‘ Some years since I reported on the ooourrence of mercury in thu colony, but my 
expectation of the (Usoovery of a lode of cinnabar has been disappointed. The cin- 
nabar occurs on tho Cudge^ng in drift lumps and pebbles, and is probably the result 
of aprinM, as in California. In New Zmland, and in the neighbourhood of the 
Clarke mer. North Queensland, the same ore occurs in a similar wav. About 1841 
I rectnved the first sample of quicksilver from the neighbourhood ox the looality on 
Carwtill Creek, on the Oudgegong, where the cinnabar ia found. Ij^poaed a full 
examination of that locality when 1 was in the neighbourhood in Febmary 1876; 
but the state of the weather was such as to ]^lude toe possibility of doing so during 
my limited stay. But I was informed that toe progress of the mine was satisfaotory? 

Mebcurt Ouhs treated with bromine. Bee Bbokinb; its use in Ifydro-MetaUm^t 
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ImperU of Quioknl m ^ in 1876 and 1876. 


1B76 

we 

Lb. 

Value 

Lb. 

Value 

89,627 

£18,013 


£16,148 

2,781,726 

680.141 

2,366.768 

814,676 

242,154 

42,474 

208,484 

26,600 

72,672 


— 

— 

61,628 



8,120 

8,080 

1,316 

47,086« 

6.739 

3,106,786 

660,864 

2,043,918 

800,782 


From Germany . 

„ Portugal . . 

,. Italy .. . 

„ Austrian Territories . 

„ United States of America 
„ other Countries 
w 

Total 


See^^ 
lUVAIJk QrnMMMm^D^eing Wo 0 i,^A process which has bean found aatUfimtoxy 
conaiBU in boiling the wool for filtean minutaa in a solution of hjposnlphite of soda, 
8 grama to 600 graau water; and when the wool ia thoroughly praetratad with the 
liquid, adiing two g^nms of aulphurio acid. 

The dyeiiig is than peiformed in an aqueous eolation of matbyl graan, great oars 
^ng taken that the wool ia paifactly dean, and that no metallic veaael be empleyed. 
If a yaUowiah oolour if requiMd, 0'07 gnmi of piorio acid, and 0*06 grams of aeatato 

t aiDC am mixed with 600 orams of water. After dyeing the wool yellow in this 
6, a little acetate of soda la added, and the dyeing ia then completed with methyl 
, — BmiiAXW'a Fhrher Zdtwtg, No. 47, 1876. _ 

See AifiLimi, Elsctuoltbu of, p. 69. 

••awTiow* ov.-WAomm hai 


002 










S64 METALS, ACTION OF DIFFERBJJT SOLUTIONS ON 


inaAtk experiment* on the effeete produced different ■olutiona on rarioai metale and 
their alloy* 

The Oomn em]^ 07 ed wu pore. 

The Z»o, o(*dbary sheet metal, with 0*60 per cent, of lead. 

The IdUB^ ordinaiy sheet. 

The Tnr, pnre-fhsM and hammered metal. 

The BnisaHKiA Mbtat., 90 per cent, of tin, 10 per cent, of antimony. 

The Bnass, 64*6 per cent, of copper, 20*8 per cent, of sine and nickel 

Strips of metul and alloys of equal siaes and thicknesses, were immersed in equal 
Tolumes of the solutions. 

During one week air free from carbonic acid was passed through the solutions. In 
the second set of experiments, both air and carbonic acid were transmitted. 

Ilie solutions were of the following degrees of concentration : — ^In 100 c.c. of water 
were dissolved 0*6 grams chloride of potassium or sodium, 1 gram chloride of am- 
monium, 0*83 grams of chloride of ron|;neBium, 1 gmm sulphate of potash, 1 gram 
nitre, 1 gram carbonate of soda, 0 023 grams of soda. 

Under I. are the amounts of diminution in weight of the strips of metal when air 
was transmitted ; U. contains those when air and carbonic acid were transmitted ; 
+ indicates that the filtered solution contains some dissolved metal ; (?) that only 
doubtfhl traces were found ; 0, that none were dissolved. 



















HfiTRB MS 

*T1m abore nvinbm repraMnt milligraiiii of tlie mpoetlrt metals oeted upon by the 
diibrent solutions. 

It srill be observed that the eiFeot of distilled water, free from oarbonie sold, but 
in presence of air, is to prodnoe a precipitate, bnt no appreciable solution of the lead. 
In presence bo^ air and carbonic acid, however, an appreciable amount of lead is 
dissolved, the solvent effect being increased three times by the carbonic acid. A solu- 
tions of alkaline chlorides in presence cf air free from carbonic acid, produces a con- 
siderable precipitate, but no perceptible solution. With carbonic acid, however, 
though the acuon was only half as great, yet much lead was dissolved. A solution of 
sulphate of potassium bad no effect. Lime water produces a reddish-yellow precipi- 
tate and considerable solution. The bearing of these experiments upon the ose of 
those metals for cisterns for holding water and other fluids, will be obvious to all. — 
Acium qf Different Solid tone on MUaUt by A. WAonxn. Dimol. PolyL Jour, cczxi. 
p. 269. 

miTVnA&ISARZir dissolves in alkalis with a blue violet ; with salts of 
lime and baryta, it forms blue precipitates. Methjjrlalisarin dyes cotton mordanted 
M’ith iron or alumina in shades closely resembling those produced bv alimriii. 
Kundt, in his spectroscopic examinations, was unable to find any essential diffrrence 
Ixitween methymlizarin and common alisario. It is therefore at present doubtful 
whether the methylaliAinn did not contiiin an admixture of ordinary alisarin, which 
might easily occur during the fusion with potassa by abscission of the methyl group. 
— Anthraoen^ by Aukkuacu, translated by Cbookeb. 

MaTHTXAirTK&ACBV. This componnd was obtained by Wkilhk 

and Fischuu ou passing dimBthylpheiiylTMthan through ignited tubtis filled with 
fragments of pumice stone. 

Methylanthracen sublimes in beautiful large scales, which when white display u 
fine fluorescence. 

MBTBTXiAm'TKRAQVZirOW. This compound is obtained by the 

oxidation of metliylanthraci n in an alcoholic solution. If methylauihraquiuoii dis- 
solved in sulphide of carbon is placed in a sealed tube with bromine and heated for 
some hours in a water bath, the result is a finely crystallised bromine compound, 
which, if fused with caustic potassa at 180° to 200° C., yields a dye resembling 
alisarin. 

MBTBTUTBB BPIKXT and WBBXi OXB. Whisky and other spirits 
may be examined for fusel oil or fur methyiated epmt» in the following manner . — 

Five ounces of the suspected spirit is distilled twice (about two-thirds each time), 
in an apparatus having the receiver connected, air-tight, with a condenser, which is 
furnishra with a mercury valve, to prevent evaporation, being rendered alkaline the 
first time and acid the second time. The distillate is then shaken up with dry car- 
bonate of potash, and again twice distilled, half-an-ounce being driven over each time. 
This contains the methyl alcohol. 

This last distillate is diluted with water to a 10 per cent, strength, and the alcohol 
determined (1) by sp. gr.; (2) by Qbisslkb'b vaporimeter ; and (3) by oxidation. The 
difference between the amount indicated by oxidation and that shown by specific 
gravity gives a rough indication of the methyl alcohol present. 

Should fusel oil be present, the spirit is oxidised by the di chromate of potash, the 
excess of dicliromate then reduced by sine, and the acids distilled off; the acid dis- 
tillate is then neutralised by a standard solution of soda and then standard sulphuric 
acid, equal to one twentieth of the eodu employed, is added, the contents of the retort 
being then distilled at 160°. Acid is again added, and the liqnid distilled to dryness. 
The acid distillate, containing the acids higher in the seriee than acetic acid, is 
neutralised by carbonate of barium and evaporated to drynese. From the barium 
present the amylic alcohol may be calculated. — A. Dupais {Pharm. J. IVans.). 

mTM|. See WaraHTS and Mhasuhus, vol. iii p 1119. At the page referred to 
will^ be foukd a woodcut of the m^ire, of 80'a71 English inches constmeted in 
platinum. Hecently Mr. Matthky, of the firm of Johnson and MA'irrHKT, sent in to 
the Academy of Sciences at Fans, a rule four mitres long, made of platinum and 
iridium, and executed for the International Geodesic Association. Tne metal was 
first tested in the laboratory of MM. H. STit.-OLAiBn Dbviltji and Dubbat : then five 
ingots wave east, each of 460 ounces of pUUnnm and 66 of iridium ; each ingot wag 
cat into small bits by the hydraulic press, and all these fragments were then melted 
together in the same funiaoe, and kept for a long time in a liquid state by an illurni* 
noting gM and an oxygen flame. The new ingot was forgM on a polished steel 
anvil and hammer to match, and was thus transformed into a bar of the thickness of 
an indh, and breadth of nearly three, weighing 16 kilograms in the air, and having 
a density of 21 '62. One- third of the bar Wxe cut off and the rest forged and passed 
through cylinders and a steel draw-plate, until its dimensions wore fimr metres Ond 
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ont^tnili ioi tongtb Ijy flva and bwanty-ooe millisAtvef in UiickneM and hreadtli la- 
apeativ^y. SL Tbmca, who is now engaged in the manufacture of the atandaid 
mMMi ne the ftraign Qovemmente who hare adhered to the metrioal ajitem, objected 
to the faetaiwolar aection of Mr. Marranf^a ruler, hia mi;rea having a aection anaped 
like an X, which would prerent their bending. He fhrther made aome remarka on 
the alloy, upon which M. Duaua, the perpetual secretary, roae and took Mr. Matthut’s 
defanoe in &e abaenoe of that gentleman. He aaid he could not undexatand what 
were M. TunacA’a grounda for attacking the new ruler, which hod nothing in common 
with faia international metres ; it had been executed with great precision and fbr 
another purpose, so Uiat M. TfissoA'a strictures rested on no foundation. — Let Mondea 
and Omnpiee limdiu. 

(Vol. iii. p. 240.) At Westfield, Massachusetts, mica has been dis- 
covered in considerable quantities on land owned by Dr. Paoxabd, near the water- 
works reservoir, lying partly in Montgomery and partly in Westfield. The specimens 
exhibited were found in granite ro^ very near the surface, and have the tough, 
clear, silvery white apmrance of the ‘ lHuscovite mica,’ which is valued so Ughly 
and used so largely, ^e specimens are hundreds of plates in thickness and large 
enough for stoves. Men are now prospecting (1876), who find evidence of la^e 
veins, and, in ease their expectations aie realist a company will be formed to mine 
it. The Muscovite mica has only been found in this country in North Carolina and 
New Hampshire, but not in sufficient quantities to supply the demand, and large 

a uantities are annually imported from the mines in Siberia. This discovery has, 
tierefore, if all that is said of it bo correct, an important value. — Amerioau Mining 
Journal. 

MZOMOOXinfB. A now species of triclinic felspiir with a potash base,^ M. vas 
Cloisuaux gives the following composition : — 


Silica 64*30 

Alumina 19*70 

Oxide of iron 0*74 

Potash 16*60 

Soda ......... 0*48 

Loss on ignition 0*36 


Specific gravity, 2*64 


101*17 


MnUUUUTB. (Vol. iii. p. 413.) A sulphide of nickel : it is of a brass yellow 
colour and a metallic lustre, usually occurring in capillary crystals, commonly called 
capillaiy pyrites. It is found largely in the Unit^ States, in Lancaster, Pa. See 
Nickri- 


A species of the mimosa, probably M. marginata, known in 

the Bahamas as the * jumha bean ’ end the * wild tamarind,’ yielde the seeds from 
which very pretty beads are made in the Bahamas, and import^ ae omamencs. 

^1 OOTTOSr. See Siao Wool. 

I WATBM. See Watsrs, Mikxbal. 

I OZU imsmTBT. (Vol. iii. pp. 602, 644.) As stated in the 

previous volume, the mineral oils of the paraffin and petroleum series are still the 
sources of artificial illumination. The residual oils from the carbonisation of coal for 
gjks pM into the liands of the coal-tar colour manuihcturer as the source of his spe- 
cialities. Aliarin, or a kind of it, is said to have been extracted from petroleum tiir 
io France and America. Hitherto, British refiners have not been able to show the 


intimate affinity betwixt shale oil residues and ordinsiy gas coal-tar, by mannfiictaring 
from it similar tinctorial products to those yielded by l£e latter. 

The mineml oil trade, os thus defined, during 1876-77 has been passing through a 
curious phase of its commercial histo^. At the commencement of the season, prices 
rose to such a pitch as to incite British mineral oil refineis with the h(^ that at 
length they hao gained the coign of vantage in their hitherto protracted struggle 
with tiw product of the American oil wells. Were these sources running diy? And 
was the trade after all to assume the proportions anticip%^ ere the £sastrous re- 
verses in 1866 and the following years ? So far as we now know, tkeee aoticipitions 
were only partly true. A coaUtion of American refiners mainly caused the epurt of 
rieing prices. Extreme caution eliould therefore be the nornud condition of new 
entrants into this trade. The present produce of the Pennsylvanian oil region is said 
to be from 1,060,000 to 1,600,000 gallons in the twenty-four boure. From 1866 to 
1870 inclusive, the average exportation amounted to 866,008 tone, but this noee to 
706,200 tons during the next rour yean ending Dvcember 1874. racee have oecil* 
lated in a corresponding nt.io. Standard white petroleum, it was said, whan 
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torartt to niifcot, eould not be fold under U. 8d. par gallont ao Britiah mmnofao- 
tnvera cedconed la. AdL per nllon m the minimum pnoe ibr their produot. But they 
hod to be contented irith pneea mnning from la. to la. 6d. in the yeara before 1672. 
Theniill 1872 the price roae to la. lOd. per gallon ; but in 1874 the price beginning 
at la. Id. fdl to 6i£, pricea below lOd. per gauon rannng for aix moiitha in that year. 
But pricea roae in 1876, above 2a. per gallon. Though decadence hae marked 
the courae of 1877, ita autumn cloaca with the promiae of a riae, ae we would natn- 
r^ly expect if a ring of American oil operatora dominate the market. , The laet of 
the BE^ firitiilh manufacturers auccumbed during the period of bad pricea. Most of 
the Flintshire refineries, whose operations were referred to in fbrmer editions of 
are now broken up. Three or four Large Scottish shale worke, mostly joint-stock 
concerns, by dependence on profit from their heavy oils and paraffin, as well ae an 
admirable utilising of their best waste residues, keep the buming-oil market here. 
Only about 6 per cent, of the American production reaches Britain, the mnjor part 
being absorbed in the ever-increasing new markets throughout the world. Thus, in 
1870, the exports of petroleum to the British East Indies were only 461,610 gallons, 
but this rose in 1876 to 3 926,600 gallons. Of course petroleum, or new material 
suitable for distilling for oil, may l)e discovered in foreign localities to aflect this 
almost universal distribution of the American import. Experience seems to point to 
such materials being used only in the localities around whiw they are found. Large 
bituminous deposits hn\e boen recently found in Bouthem Italy, ae well as a shale 
yi(«r Rouen, in France, said to yield 160 gallons per ton. But economic reasons de- 
mand that these be refined and manufactured on the <«pot. The extensive petroleum 
deposits of the Caspian Sea near Jlakfi, or those in the province of Yochigo, Japan, 
may yet tell on the Asiatic markets. At the latter place the petroleum is not refined, 
owing to lack of chemical^, and is used in a eenii-crnde state. No commercial use has 
as yet been made of the discovery of smaller petroleum spritigs, either near Taranaki 
in New Zealand, or at Encounter Ray in the proximity of Adelaide, South Australia. 
Minerals like the Gallician ozokerite, which yield a large percentage of paraffin, may 
be profitably exported * specially should the paraffin so derived have, as in this case, 
a melting-point from 10° to 20° higher than that obtained from shale oil. 

A few ye^irs ago it was propounded that the Pennsylvanian, Ohio, and New York 
petroleum regions were one system, through the length and breadth of which specially 
profitable oil belts ran. We now know this not to bo the case. The recognised oil 
region of Pennsylvania forms a narrow triangle in the north-western extremity of that 
state, bounded, of course, on its eastern side by the Alleghany mountains. A possible 
petroleum territory of 13 000 square miles, of which 8,100 square miles have been 
tested by drill bonngs, which have again confined the richly oleaginous area to only 
40 square miles, are the results of twelve years* experience. In the latter nartow 
space, upwards of 16,000 wells have been sunk. This is, of course, far beneath the 
anticipations of those who saw an oil-spring territory in the large space bordering 
and coincident with the American coal-measures on the geological map. Though oil 
pumping compares cheaply with distilling shale, the petroleum seeker has not always 
the dear margin thus implied. The operations of tbe^orrick and drill usually * strike 
oil* only once in every five attempts. The sinking of nu efficient well is seldom done 
at a less cost than 1,0001. sterling, so the petroleum regions are no longer the places 
to seek sudden fortunes. liiirgo companies now mostly conduct tlie operations. The 
high table-land which slopes from the watershed of the Alluglianies to the great lakes 
is undoubtedly an oil region. But prices do not warrant either its exploration or the 
necessary means of transport being laid down. Ho, too, in regard to California, 
Independently of what may be hod on its higher regions, a petroleum spring has boen 
observed a mile from its sea coast, and covering the ocean with its unmistokeable 
sigos for two miles. 

The first borers iti the wooded gorges of the affluents of the Ohio ‘ struck oil ' when 
they reaohe4 a layer of shingle and gravel roughly cemented together in a stratum of 
saMStone rock surrounded on either aide by Ms of shale. Beneath this, sandstone 
eomes on, in which two successive shingle and gravel layers, yielding oil richly, were 
sulMeqaently discovered. Only recently, another such bed lower down, and fully 
1,060 feet aom the frariiice, has been put on the well-borer's list. These sbiiq^e 
b^ seem a necessity for the storage of petroleum, however it may be generate. 
And beeides these four, a sucoession of similar beds may yet be found to prevail 
througbont the lower carboniferous measures of Pennsylvania, extending from 8,000 
to 4,000 feet down. But though the send rocks extend pretty unifur^y over a large 
area, the shingle beds are very irregular; hence, one cause why oil-sinking is so un*> 
certajin. When (She well sinker's drill pierces fine sand in the position of the shingly 
gravels in any of the sand rocks throughout the PoniiHyh'anian area, the quest for oil 
IS known to be fruitless. Moreover, a richly-produciu e well may be, in petroiiaa 
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•hug, * wild catted,' or rendered barren of oil by other bores made Loo near it. But 
when dewrted bore holes rest a while, they become again productive. Hence an oil 
well governmental conservancy has been advocated. When a sand rook is kept firee 
of snrfkce water, and not pierced by too many bore holes, the average life of a good 
well should be from ten to twelve years ; few productive wells have, however, con- 
inned so for more than three years. The Pennsylvanian lower carboniferous strata 
do not uniformly preserve their great thickness. Near the great lakes, especially, 
the lower beds have been uptilted and afterwards denuded. And these differences in 
ffoognostlc position exhibit distinctive petroleum products. The range of wells in 
the normal beds varies from 400 to 1,200 feet: gas wells being got at the greatest 
depths. They, too, are found in places where the denuded and uptilted strata are 
close to the surface. Where the middle strata occupy a surface area, the ubu<i1 petro- 
leum products are found ; but the heavy macliinery oils are mostly obtained from the 
upper sand rock. 

INvo main novelties in the economy of the petroleum manufacture are: (1) The 
system of pipe transport from the wells to the railway station, whence they are to be 
transhipped either to the refinery or the sea-board ; and (2) The using of heavy 
petroleum oils for machineiy purposes aliiKiSt in thoir natural condition. 

Tube lines of iron pipe, usually two inches in diameter, now carry petroleum from 
the well to the staiion, formerly one of the most serious items in the expense of 
winning the raw material. The tubes are made of Norway iron. Leakage is pre- 
vented by passing the tubes through an apparatus in which the hot tubes pass through 
a series of rollers in which the edges are first turned up, and then welded and pressed 
together. I'uhe lines, 20 miles in length, and capable of delivering 3,600 barrels of 
petroleum per day, ure worked by four men. Two engineer relievo each o^^er of the 
care of the pumping engm** every twelve hours. At the transit station a mSi receives 
and gauges the oil as it fiows out of the well ; another, at tiio railway depot, loads 
the oil into carriage tanks. The Pennsylvanian oil region alone has a network i f 
1,500 miles of such tube lines. The main pipes are three inches in diameter, but to 
these are joined many connections of two-inch p'pp. If the costand laying of tlie 
pipes were at 90 cents per foot, a capital of ^^2, 682, 000 has been thus expended. On 
one line, a three-inch pipe runs for a distance of 37 miles, with two relay stations. 
On the railways proper, enormous quantities of petroleum are carried in tank- waggons 
without any inconvenience or danger to the ordinary trafiio. Tube lines have also 
been laid between the railway termini and the refineries. 

American refiners prefer not to treat such natural heavy lubricative oils as that of 
Virginia by the ordinary refining processes of sulphuric acid aud soda. They steam 
the crude product, afterwards distilling it in a vacuum still to separate the lighter 
oils from the real lubricant, which, so prepared, does not corrode journals or cylinders. 
After the oil is steamed, it may be filtered through animal charcoal. When thus pre- 
pared, it may stand a fire test of 400° to 500° Fsdir. 

Most of the heavy oil produced at the American refineries mast be split up by suc- 
cessive distillations into the lighter products. About 245,775 tons are said to be pro- 
duced yearly — a quantity much greater than that of all the animal and vegetable oils 
in tbe British market. It is simply inconceivable how such a total can be absorbed 
by the machinery of the United States. Dr. Chandler, the eminent New York analyst, 
finds that when this heavy oil is ' cracked up' it yields— < 


Crude naphtha . 

, . . 20 per cent 

Burning oil • . . 

• . . 60 „ 

Coke OM loss . 

. . . 14 „ 


100 ., 


Mnch of the crude naphtha must be used as fuel to aid these distillations, while 
eome must pass into the bulk of the refined petroleum of the dangerous dass, against 
the sale of which legislative enactment has been busy. The Americans have ample 
material in this enormous bye-product either for civic gas-making or in metallurgy. 
When ehiier of Uiese two uses, said to hare been nearly practically realised, enter 
into the manufacturing phase, the bnming-oil market will be seriously affected. 

Beflned American petroleum, so now introduced into the British market u.ider 
specific trade names, has previouily had all the dangerous light spirits removed 
r peated fractional distillations. The following table, inter alia, snows bumiug ou 
of Sc^ish manufl^ure to be of much lower specific gravity than of yore 
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Oui^ptniim YM of PmmmliMmUin Crude Peiroteun, ep. *782 to *820, and Crudi 
raraffin Oil, ep, gr, *810 to *870. 


Qaiolene « « « 

Percent. 

- I* 

Naphtha « • 

. 10 

Bensine « 

« 4 

Befined burning oil 

. 66 

Heavy oil . 

Paraffin wax • 

. 17* 

. 2 

Coke, gas, and loss « 

. 10 


Bp. gr. 
■660) 


Percent. 


•700 
•780 J 
•800 

Naphtha 

. 6 

•740 


. 46 

•816 

•876 

• 

. 10 

’ *886 



. 82 



Sooitjah refiners have, bv a series of admirable economies, reduoed the cost price of 
burning oil to betwixt 6a. and a fraction and 8d. per gallon. Less sulphuno acid 
is now Tued, insomuch that the largest company has had difficulty in consuming the 
products of their own chambers. Preference is given to the method of nnxing 
the acid rapidly, and by ii^’ection, rather than that of the old mechanical iron 
stirrers. 

The ether ice machines for cooling paraffin have displaced the revolring drums of 
Kibx, at Addiewell. 

Hr. Youwa, of Clippens, has much modified and improved his 8elf>heating retort, 
referred to in vol. iii. p. 607. Aevolving horisontal retorts, said to yield six gallons 
additioDfid per ton of shale, have been tried successfully ; but difficulties of practical 
manipulation are said to have prevented their wide employment. 

Younq’s CoicPANT now manufacture a lighthouse oil of 1 60*^ Fahr. flash-point, and 
only 816° sp. gr. It is largely used in Fmnce, America, and Britain. It is obtained 
by successive distillations, in the course of which the lighter oils are carefully 
removed. 

This Company also advertise the ‘ Lavender ' lamp, in which ' blue oil ’ is employed, 
and by whose ^me, 12 inches long and fi inches in circumference, such places as 
colliery or railway yards may be conveniently and erx>nomically lighted. The ^me 
has a luminosity of 160 canmes, and may be burned at a cost of l^if. per hour. A 
steam jet must accompany the lamp: it both heats the fountain and creates a 
draught in the chimney. 

Improvement in the ordinary household lamps have been so effected as to yield a 
light of 32 candles in a lamp with two wicks. 

Gasolene is now obtained from the gas which used to flare up from the educt pipe 
of a bench of crude oil retorts. Hr. J. Colbmak has extracted one gallon of this light 
liquid, hitherto associated only with petroleum refining, from 1,000 cubic feet of the 
gas ; what gas remained oier had heating power, but no luminosity. When the gas 
was pressed with 10 atmospheres, or 160 lbs. to the square inch, a liquid of 700 sp.gr. 
was obtained. But if beside this pressure a cold of sero, 82° Fahr., was applied to 
the gas, a volatile liquid of *66 sp. gr. ran out of the educt pipe. An apparatus now 
successfully extracts gasolene at the Bathgate Works of Yottwo’s Comfant. It has 
been arranged in cognisance of the fact that gas, when allowed to expand, produces 
cold, especially if when in the act of expanding it performs such work ns ^ving a 
piston. The following, in Mr. Comeman’s words, are the details involved in the work- 
ing of the machine : — 

* 1. The pumping of the gas by steam power into a system of tubes capable of 
being externally cooled, and from which condensed liquids can be drawn off by ball- 
cocks. 

* 2. Employing the compressed gas (after being deprived of its liquids) for working 
a second engine, coupled with, and pariJlel to the first, thus recovering a portion of 
the force originally employed in compression. 

' 8. Employing the expanded^ gas, after having bad its temperature reduced in the 
act of doing the work of pumping, as the agent for supplying the necessary cold for 
cooling a portion of the condenser to 18° 0., which is about aero Fahr.' 

Gasolene is used in carburetting the air in the Illinois pnenmatic gss apparatus ; a 
ndlon of the liquid thus producing 1,000 cubic feet of gas of 20^ candle-power. 
Country mansions, factories, and such institutions, out of reach of a public gas com* 
pany, miy thus have cheap illumination. The gasolene is placed in a tank in a yard 
ouCme the building, and sunk 0 feet below the surface, which is again, for greater 
saflsty, encased in another tank containing water. When the air is driven into the 
first visssl by an air-pump working automatically— the neeessaiy pumping being 
regulated by a balance weight-^snffioTent ^ is formed, without any annoyance from 
retorts, as in the rival means of supply. The iosumnee companies have accepted thia 
iiiTention in tl air rating. Hie danger of the gas flowing back into the uir-pamp ii 
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irtcUftiUy obriatAd. Aa gasolene sells retail at about Is. 6d per gallon, coasumsta 
may ol^n a cheap gas, and paraflln oil manniheturers a new source of profit. Mr. 
CouniAifs machine can operate on 260,000 cubic feet of gas per day, and as 8,000 
cul^ fiMt of jgas axe obtained from a ton of shale, an extra 8«. per ton an thus given 
to the manufacturer. Another patent proposes to ooUect the gasolene in coke^ and 
then to wash it •out. . 

The legal aspects of petroleum regarding fladi-point and storage are by no means 
dear. The buming of the GoUath training-ship off Grays* in December 1 876 occurred 
through the upsettii^ of a petroleum lamp. As the oil appeared to have taken fire with 
extraordinaiy rapidity, it was assumed, in the first instance, that the flashing-point was 
below the parliamentary standard, but from the evidence given before the Cmner by 
the secretary of the f ktrolkuic Association, the flashing-point was proved to have 
been abnormally high, being, in fact, 144° Fahr. *In the case in question, the pe- 
culiar construction of the lamp undoubtedly contributed to the result, for the cil- 
reservoir was of metal, with no norf-conductor interposed between it and the wick- 
holder, and the latter was fitted with a cone-shaped socket instead of being screwed, 
so that, when the lamp, which had been buming all night and had become hot, was 
dropped, the buming wick at once fell out, and ignited the heated oil which flowed 
over the oil-aaturat**^ floor.* 

The Metropolitnii Hoard of Works have exposed the dangerously permissive cha- 
racter of recent legislation regarding the legal flash-point of petroleum. Mineriil 
oil, one or two degrees above the standard firing-point, may, if stored in a populous 
locality, cause sad dissster. 

In a Berlin dye-work, where petroleum spirits are extensively used in cleaning the 
goods, they are stored in long iron cylinders, placed upright below the sifitfoce of the 
ground, and having their upper edges so curved as to expose only a limited surface to 
Uie atmosphere. In a recent fire only so much of the spirits as were exposed to the 
atmosphere in this upper curve burned ; the bulk of tlie stored material escaped. 

Superphosphate or lime, and alum-cake for precipitating sewage, have been added 
to the bye-products of mineral oil manufactories. 

On tfte Produetion of Paraffin and Mineral Oil in Prttonon Saxonj /. — The raw ma- 
terial of this branch of mineral industry, which is of comps rati voly recent origin, is a 
particular vaxiety of earthy lignite occurring within a small |wrtion of the Saxon 
Thurinnan brown -coal formation between Weisscnfels and Zeits. This contains a 
fusible nydroeaxbon, the so-called pyropissite of Kenyott, which, in the purest con- 
dition, yields by distillation as mudi as 66 per cent, of tar containing paraffin. The 
pure mineral is, however, only found in nests and patches in the lignite, the average 
of the coal worked giving 10 per cent, as a maximum of condens^le products, but 
often less. Freshly rais^ coal containing a large proportion of water is found to 
yield better than that which has been dried by exposure to the air. Thus a series of 
comparative experiments showed that — 

Gml containing 68 per cent, of water gave 40 lb. of tar and 16 lb. of gas per tub 
(of about 8 cwt.). 

Coal containing 40 per cent, of water gave 88 lb. of tar and 44 lb. of gas per tub. 

Oompressed coal containing 26 pr cent, of water gave 24 lb. of tar and 86 lb. of 
gas pr tub; the increased quantity of permanent gases in the drier coals being 
obtained at the expense of the tar, a result which is to be^attributed partly to the 
higher temperature prevailing during the distillation, and partly to the absence of 
the direct action of hydrogen in carbon owing to the want of water, which, as is well 
known, decomposes at a low heat by oarbonaceoua substances produdng hydrocarbona 
and carbonic oxide. 

The retorts used are of two kinds, horizontal and vertical. The former, which are 
used on the older works, are of cast iron, 8;1 foet long, and of an ^ipicsl section, 
14 inches high and 28 inches broad. Those are either sot in pairs, each pir being 
find separa^y, or in batteries of from twelve to twenty laid across the direction of 
the grate flame. The former mothod is generally peferred. as it allows the refcorte 
to be more uniformly heated. The fire-grate extends along the bottom of one of the 
retorts, and passes through a side flue under the second, and returns over the tops of 
both. The fronts of the retorts ore connected by goote ilsdce of oval section, witJi a 
collecting main running al<»g the front of the furnaon ^ich conduct the volatile 
tnodocts to the oondeneen. lliis is made of vertical pipes like that ordinarily used 
in gas-works. A stop-valve is placed on the connection of eadi retort with the v^in 
to prevent the edmission of air to the latter during the time of chaxging. ^e average 
amount of cool carbonised in the twenty-four hours is firom 6 to 7 cwt., three efaaigei 
being worked during that time. The coal is spread over the surftiee on a layer amt 
4 inchea thick ; the reeidoal coke when sufficiently good is nsed in pe^ for heating 
the reti^ but otherwise it is thrown away, or emplcyed for road-making. The coiu 
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ffiMjjind for heating the wtorte it firom 80 to 100 per cent hj folnme of that die 

The yield of tar yariee greatly with the tempemture in the maidpiilation, the pro- 
portioii ^ eondaiieing eor&e being also of eoneiderable importeiiee. From 880 to 
Ido eqnare Ibet ie required fat eacm retort, bnt a notable improyement in yield hae 
been obtained by inereaeing it to 400 or 500 aqnare feet. 

The vertical form of retort which is adoptM in all the newer worka la a eaet-iron 
tube 16 feet long, ftom 4 to 6 fmt in diameter at the top, and somewhat leaa at the 
bottom, to whi^ ia adapted a conical diechaiging piece and a cylinder of about 8 
cubic feet capacity, cloeed by two alide-yalvea for drawing the coke. The centre of 
the retort contains a system of thirty oonioal ringa overlapping each other, Venetian 
blind fashion, built up round a central rod ; the aperture between the rings form the 
passages for the volc^ile products, the coal being contained in the annuhw space be- 
tween them and toe cast-iron body, two large mouthpieces being provided to lead 
them to toe condenser. The heating is effected by an external grate-flre, the retort 
being closely eurromded by an external casing of flre-bnoka. The work goes on 
eontinuoufily, the charge of 82^ bushels of coal requiring about thirty-six hwrs for 
complete distillation. The coke is drawn at intervals of one to one hoor and a quarter, 
each portion as it leaves the retort being allowed to cool between the slides of the 
coke-oox before being discharged into the air. Latterly cylinders of flre-briek have 
been tried instead of cast iron, with fair results. The vertical form of retort, being 
continuous in action, does five times the work of a horizontal one ; at the same time 
the process is more regularly conducted, and the yield of tar is larger. The averaffe 
of five years' working show^ the produce to be 70 per cent, of the theoretical yield 
of the coal with vertical, as against 66 per oent. with horizontal retorts. 

The best results are obtained when the temperature is such that the gases leave 
the retorts at 302° to 392° Fahr. ; al)Ove this point there is a greatly increased pro- 
duction of permanent gases, while bolow it the products are principally water and 
coke. 

Another method, which has only been tried experimentally, ie that of distilling in 
an atmosphere of superheated steam. This was found to give a higher }ield both in 
regi^ to quantity and quality of the tar, but it has not been adopted in practice. 

The product at the first operation is a dark-coloured (yellowish brown to black) 
mass of toe consistency of batter, varying in specific gravity from 0*82 to 0*936, 
fusible at 69° to 86° to a brown fluid with dark green fluorescence. The best 
product is that of a medium density from 0*84 to 0 67, the average yield by rectifica- 
tion being 86 per cent, of benzine on various illuminating oils, 16 per cent, of gas on 
lobricating oils, 16 per cent, of paraflln, and 10 per cent of creosote and pitch. 

The rectification is conducted accoxding to three different methods : — 

1. Distillation of the tnr; purifleation of the resnltins; erode paraffin byeanstio 
soda and sulphuric acid, or by the latter alone, and remetillation of the purified 
product.. 

2. Treatment of the tar with sulphuric acid, washing with water and rectification 
with slaked lime. 

8. Preliminary distillation with \ per cent, of lime ; treatment of the paraffin 
distillate with sulphuric acid. 

The first of these is the oldest, and in many respects the safest, being adapted for 
all claasee of material, but is attended with eoneiderable loss of paraffin from deoom- 
poeition during the distillation ; the second is only adapted for toe treatment of tsr 
of low density ; and the third is, in the author’s opinion, the most advantageous, 
giving 16 per oent. of paraffin as against 12 or 16 per cent, by the other method. 

The operation is conducted in large stills containing from 36 to 60 ewt of tar; the 
product baii^ divided into two parts, known os crude oil and crude paraffin mass, 
the operation bring made when tne distillate solidifies when received upon a cold 
sutfaM. The jproportion is usually 40 per cent, of the former to 64 per cent of the 
letter. The distillatioB is pushed to dryness, a reridne of pomns coke remnining in 
the still. Twelve hours are reouired to work off a charge of 40 cwt., after which the 
still is allowed to cool during toe night, so as to be ready for filling early in the 
morning. 

TtMimmi of tks Crude Oil.— This is first cleared from creosote by mixing with 
cansrio soda ley and settling ; then treated with sulphuric sold to remove resin, am- 
monia, and other organic bm ; next washed with water until completely freed ftom 
arid, and finally rectified by fractional distillation into varions products, which aro 
known by toe following names 

Benrioa, tfpeoiflo gravity 8*790, boiling point 177" l^ahr., used for removing gtenie 
spots foom cfothinff, and hIso for carbonicing coal-gas. 

Photogene, iperific gravity 0'800 to 0 806, boiling p int 284® to 320" Fahr. ThiOi 
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ii a mixtUTC of lereral diifereiit hydrocarbons, and is used as an illuminating oil, 
and idso for Ueaching and remoring the fat from bones in the manufacture of imi- 
tation irory. 'When sold as Gorman petroleum it requires to be * petrolised,' that is, 
made to rosemble American petroleum bv a special treatment with sulphuric acid and 
strong soda ley, when it becomes perfectly clear, and shows a fine blue duoreseence. 

The oils obtained from the crude paraffin are solar oils, specific ffravity 0*826 to 
0*846, and boiling between 360® and 400® Fahr. They are of a tsTIow colour, and 
form an illuminatinff material of very high class at an exceedingly low price. 

Paraffin oils are those above 0 846 specific gravitv, and boiling points between 600® 
to 618® Fahr. They are usually yellow and somewhat viscid, and are used for lubri- 
cating machinery. Notwithstanding the name, it is essential that these oils should 
be free from paraffin ; and their lubricating value is improved by subjecting them to 
extreme cold in winter, in order to freeze out the last traces of that substance. 

The crude paraffin, after the sepa;ation of the Rssr)ciHted oils, is crystallised in 
blocks of 40 lb. weight, the crystals being separated from the liquid by hydraulic 
presses, centrifuml or other machines. The usual method is to effect a first separation 
in a chambered filter press, which gives a mass of crystalline scales, which are sub- 
sequently squeezed in a hydraulic press to cakes under a pressure of 200 atmospheres. 
The brown colouring-matter is removed by melting the crude press cake with 10 to 
16 per cent, or benzine, and subjecting it to a second pressing. This is repeated with 
a further addition of benzine, and, after finally washing with water and a little sul- 
phuric acid, the paraffin is set aside to crystiUlise. When so purified its melting 
point is 47® to 48® Fahr. 

The composition of brown-coal paraffin differs from that made from the p]der coals 
and shales. The latter is nearly of the theoretical percrmt^e composition, cat'bon 86, 
hydrogen 14, while the former contains oxygen, the following analysis being that of 
one of the best samples made in the district of Weissenfels : carbon 82 41, hydrogen 
1416, oxygen 8*43. 

There are at the present time fourteen mineral oil and paraffin facbirit s at work in 
the district, consuming about 36,00(1 tuns of tar, 6,600 tons of caustic soda, and 2,900 
tons of sulphuric acid, the products being-— 

12,600 tons benzine, photogene, petroleum, solar und clear paraffin oils 
6,000 tons gas and lubtioating oils 
6,000 tons hard aod soft paraffin 

8,600 tons creosote, pitch, asphalt, and other accessory products 

17,100 tons, equal to 76 per cent of the weight of tar treated ; 

the remaining 26 per cent, representing the loss due chiufly to the produebioti of gas 
and carbonisation by repeatea distillauons. Abou^ 8,600 tons of paraffin are con- 
verted into candles in ^e different manufoctories. — L. GiioStowsxy, Zeitaohn/t fur 
Berg-^ Hutten- und Salinen-lVeaeti, &c., vol. xxiv. p. 861. See Pktroluum for I'Iik 
(J sB or THB Minbral Oils as Fubl. 

T>f SA&T. (Sec Salt, vol. iii. p. 739.) The following notice of a 

new discovery of rock salt in Prussia will be of interest A discovery has recently 
been made at Aschersleben, in Prussia, in the ricinily of the Harts Mountains. 
Within the last twenty years the Govemroents of Prussia and Anhalt have been 
deriving large profits from the working of sundry pits or mines productive of potash 
salts, muat^ at Strasefurth and Leopoldshall. Hitherto these undertakings have 
enjoyed a monopoly, but an independent party of explorers, aided by the diamond 
rock-boring apparatus, have succeeded in reading the potash deposits at moderate 
depths not far from Strassfurth. The first boring reached what is called the ' kainit* 
portion of the potash layer', which was proved to have a thickness of 60 English feet. 
As the Prussian mining law entitles the disoorerers to a concession e^ual to an area 
of 2,189,000 square mitres, it is compuied that this discovoiy includes about 
66,000,000 tons of potash salts. But the explorers, consisting chiefly of English 
cspitalists, have proceeded further, and by means of other Itoriags have obtained the 
oommaud of an enormoni area of these valuable deposits, which are now going to be 
extensively worked. The fertility imparted to the soil by the use of potash noaure, 
renders the discovery a matter of interest to the agriculturist Expenenoe gained in 
Germany and Holland shows that bv the use of the kainit and other forms of potas^ 
land naturally poor eaa be made to bear extraordinary crops. This S} stem of fortili^ 
■ntion has been found peculiarly advantageous in the cese of peat lands and moon* 
See Sait. 

m mM m m m . M.9. SVAVSSWXCPfl OS* TSS VVITBB KSSTaBOBK* Tbs extent 
and importance of the mineral deposits of the British Isles, and the influence exercised 
by their development in the will- being and prosperity of the empire, will beeuitne 
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nppHrent hy a eonwdeiation of the following Ublai, showing the number of mines in 
wnich each yarietj of mineral is wrought, the quantities and values of the minerals 
raised, and of metals produced therefrom ; together with the imports and exports of 
each variety in the three ^ears ending 1876. 

7'<n.— The earliest mining operations in this country were in searcdi for this metal 
in the western counties of Cornwall and Devon, where it alone occurs in lodes, and ih 
also found disseminated through the granitic rocks of the above-named counties. The 
annexed summary, obtained the returns of the mines and the tin smelters, show 
tlie actual number of mines selling tin ore (black tin), the yield of mettdlic (white) 
tin, and the respective values : — 


Year 

No. of 

Tin Ore 

MetollioTln 

Mum 

Quantity 

Value 

Quantity 

Value 



Tons 

6 

Tons 

£ 


2:)o 

U.i 30 

788,310 

9.042 

1,077.712 





9,614 

666,266 

HjiH 

mm 

13,688 

600,023 

8,600 

676,760 


The average prices of fin ore, in each of fhe above-named years, und of metallic 
tin ((‘ommon block), uas as follows: — 


Tear 

Tm Ore 

MetaUloTln 


£ s d 

£ t. £. 

1874 

66 3 0 

108 8 0 

1875 

52 11 6 

00 2 0 

1876 

48 18 0 

70 10 2 


The production of the Dutch tin mines in each of the same years amounted to the 
following quantities : — 


Doiorlption 

1874 

1870 

1876 


Tone 

Tone 

Tone 

Banca tin . . 

4,049 

4,400 

4,619 

Billiton tin . 

3,167 

3,626 

8,648 

Straits tin . 

7.677 

11,800 

9,621 


Tin Imports . — The total quantities of tin imported into the United Kingdom in 
each of the same yenm were as follows, of blocks, ingots, bars, or slabs, and regains, 
and of the annexed values 


Tear 

Quantity 

Value 


Cwt. 


1874 

184,377 

904,4^8 

1876 

386,481 

1,463,901 

1876 

804,448 

1,148,164 


Of the tin imported in the above years, the following quantities shipped from the 
AustrsUan colonies to the mother-country are included in the general imports, and 
are ae Ibllowi 


Tsar 

1874 


6,800 


Tear 

1876 


Tons 

7,210 


Tear 

1876 


Tons 

8,802 


Tin Ernpfte.— The total quantities of British production exported in each of the 
gem, ana the rsspectivo v^ues, appear in the ihxde and Navigation lietwrho ae 
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Tear 

QuanUtiies 

Yaloe 


Owt. 

■■■■■■ 

1874 

164,613 

810,662 

1876 

104,269 

476,181 

1876 

99,041 

896,076 


The quantities and values oC foreign and colonial tin exported in each of the same 
years was ns follows ; — 


Year 

Quantities 

Yaltto 

■■■■I 










106,008 

HHiiiHI 


OoFPBB, Production. — The mines of the United Kingdom produced copper ore in 
the following quantities, the yield of metallic copper in each of the same years being 
ns under: — 


Year 

No. of Mines 

Copper Ore 

Metallio Copper 

Quantities 

Value 

Quantities 

Value 



Tons 

£ 

Ton* 

£ 1 


no 

78,621 

886.416 

4,081 

447,891 


100 

71,628 

883,414 

4,323 

888,084 

1876 

101 

79,262 

317,186 

4,604 

802,800 


The following aveny^e prices of different descriptions of metallic copper per ton 
will show the fluctuations to which this important metal was suhiect in each of the 
same years, and below, the average price, produce, and standaru of the ores thus 
produced : — 


Desorlption of Copper 

1874 

— 

1876 

1676 

Best selected 

Tough cake and tile 
Sheeting and sheets 
Australian , 

£ «. A 

89 12 0 

84 0 0 

04 6 0 

80 0 0 

■ 

£ e. d. 

88 6 2 

81 10 6 

87 11 10 

83 8 8 


Tear , 

Average Prloe 

Average Produce 

Average Standard 

1874 

£ 1. d. 

4 6 0 

7* 

£ J. dL 

07 16 0 

1876 

6 0 0 

7 

no 0 0 

1876 

4 17 0 

flj 

118 8 0 


The copper ore and value, tc^ther with the yield of metallic copper and Its value, 
will for ^ vear 1876 be seen in the following statement, diatinguismng ths oumbef 
of mines and the produce of each county 




































MINDRAL STATISTICS OF THB UKITED EINODOM m 


Ooppcr Tftlut of Copiwr 


Pornwiill , 

Devunshire 

Cumberland 

Cheshire 

Lancashire 


IVins £ a. d. Tons owt. qrs. 

43.01 A 202,203 2 0 3.034 0 0 

16,276 68,240 19 10 878 0 0 

11 126 10 0 2 0 0 

7.328 6,860 0 0 78 17 2 

1,007 6,414 0 0 01 4 8 


hie of Man. 


42 210 0 0 2 12 0 

ll.'i 660 0 0 7 19 0 

1 6 6 0 0 1 2 

47 228 0 0 8 6 0 

3,692 7,380 0 0 100 0 0 


680 2,108 0 0 30 0 0 

0,816 32 639 0 0 449 0 0 


Totiil of the 
United King- 



1,170 0 0 


79,262 317.186 7 7 4,694 12 8 392,800 0 0 


Imports and Exports of Copper , — From the Trade and Navigation Betume, pub- 
lished by the authority of the Board of Tiade, it appears the following quantities of 
the various descriptions of copper were imported into the kingdom m each of the 
following years : — 


Doniiiitlon of Copper 



In each of the same years the exports of the various forms of copper, the produce 
of the mines of the United Kingdom, amounted to the following quantities and 
values : — 



LnsB Oav, IdSAD, htd SXI.TIB. — The production of the mines of the United King* 
doffli and the yield of metallic lead and surer, was os follows in each of the years 


* la thliqaaBtltr to indnded sundn oopp« ores the prodoos of the mlasi of Oonwall and Dmi. 
•oM at TIofedbige. 
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Tear 

No. nflClnes 

LeadQra 

Lead 

saver 



Tons 

Tons 

Qis. 

1874 

346 

76,201 

68.777 

600,277 

1876 

804 

77,746 

67.426 

487,868 

1876 

392 

70,006 

68,667 

483,422 

Values of the Above, 

||||■■|■■ 


£ 

£ 

£ 


1,024,107 

1,208,463 

127,889 


1.202,148 

1,290,378 

116,747 


. 1,218,078 

i 

1,271,416 

106,222 


Duriog oacli of the same years the average price per ton of lead ore, and of metallic 
lead, was as follows in the Ixindon metal market : — 


Deaorlptlon 

1874 

1876 

1876 

Load ore ... . 

£ «. d. 

16 9 8 

£ i. d, 

14 13 6 

£ a d. 

16 8 0 

English pig .... 

22 0 4 

22 2 0 j 

21 18 10 

,, sheet ... 

23 13 8 


2^ 16 7 

n pigW.B. . 

23 6 6 

23 6 0 

23 1 9 

Patent shot .... 

26 7 6 

20 3 0 

25 16 1 


The details of production of the several lead>mining districts in the Uuited King- 
dom, with the number of mines in the year 1876, is as follows : — 


Oountles 

No. of 
Mines 

Load Ore 

Lead 

BUyer 

England. 


Tons 

owt. 

Tons 

owt. 

Ois. 

Cornwall .... 

16 

2.727 

0 

2,070 

0 

87,660 

Devonshire .... 

4 

437 

13 

327 

17 

6,890 

Somersetshire 

2 

678 

0 

801 

8 


Derbyshire .... 

140 

2,441 

18 

2,149 

1 

— 

Shrophire .... 
Cumberland .... 

7 

7,718 

IS 

6,066 

6 

2,748 

26 

2,666 

17 

1,916 

14 

10,600 

Yorkshire .... 

23 

4,198 

16 

2,060 

9 

8,860 

Durham and Northumberland 

28 

23,286 

9 

16,780 

8 

74,096 

Westmoreland 

6 

1,844 

4 

1,878 

16 

8,214 

Wales. 







Cardiganshire 

88 

6,961 

16 

4.468 

19 

46,418 

Carmarthenshire • . . 

1 

686 

16 

477 

10 

1,910 

Pembrokeshire 

1 

16 

0 

11 

0 

66 

Radnorshire .... 

1 

71 

4 

62 

8 


Merionethshire • 

8 

60 

9 

46 

6 

828 

Denbighshire 

9 

3,247 

6 

2,468 

6 

18.246 

Mont^merphire . 
Brecknockshire 

80 

2 

0,041 

86 

8 

8 

6,878 

26 

11 

10 

"■85 

Flintshire .... 

86 

2,716 

19 

2,016 

1 

18.161 

OamarTonshire • 

11 

1,430 

8 

1,080 

8 

4,669 

Me of Mem • • . • 

10 

4,863 

1 

3,086 

1 

170.106 

Inland . • . . 

1 

1,626 

4 

1,868 

18 

6,660 

Seetland • » • • 

4 

8,910 

4 

2,986 

6 

liJdH 

Total of the United Kingdom 

892 

1 

79,096 

6 

68,667 

18 

4at,5ei 
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Tk« ImportB of Lead in the three yean ending 1876 appear ae fellows in the TWufe 
nifd Xavigathn Srtwm » : — 


DsNrtpllon of Lssd Imported 

1874 

1876 

1870 

Quontitlei 

Yalue 

Quantitiea 

Yoloe 

Quaatltlw 

Yams 

Lead ora 

Lead, pig and eheat . 

Lead manufaotnreB unenume- 
roted 

Tons 

18,0fl0 

61,987 

0,816 

« 

880,098 

1,411,988 

19,904 

Tons 

11,916 

79,888 

6,040 

£ 

180,488 

1,801.068 

19,488 

Tons 

18,088 

80,049 

0,798 

£ 

170,187 

1,749,978 

18,088 


The Exports of Lead, the produce of the mines of the United Kingdom, ore shown in 
the annexed summary for each of the same years : — 



The sine ores obtained from the mines of the United Kingdom in the year 1876 
were contributed by the several districts, as shown in the annexed TSble. The values 
will be found side by side 


Ooonties 

No. Of 
Minos 

Qaaatlties 

Yalue 

England^ 

■1 

Tons owt. qrs. 

£ «. d. 

Cornwall • • • • . 


4,418 19 2 

14,692 19 8 

Shropshire « • . . 

Cumberland • , . , 


491 10 0 

2,616 6 0 

6 

1,866 2 2 

6,806 6 0 

Torkshire • • • . 

1 

8 10 2 

10 11 6 

Derbyshire ^ . 

1 

61 6 1 

168 18 0 

Wales. 




Oaidigandiire .... 

8 

268 9 0 

1,018 12 9 


4 

2,768 18 0 

10,949 1 0 
11.606 18 6 

Denlnghshiro .... 
Flintshire .... 

Carnomoshim .... 

8 

2,182 0 0 

4 

2,494 10 0 

12,088 2 8 

6 

800 8 2 

1,488 12 9 

Baditanhin .... 
Vol.17. 

H 

08 8 0 

876 IS 1 
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Id each of the same years the averse price per ton of the ores, and of the various 
forms of metallic sine, was as follows in the Loudon market : — 


Description 

1874 

1870 

1876 


£ a. d. 

£ «. d. 

£ e. d. 

Zinc ore , . . 

4 2 3 

3 7 6 

4 12 0 

English spelter . 

24 6 0 

23 6 6 

23^ 7 11 

Foreign spelter 

Sheet zinc . , 

80 14 6 

1 29 12 8 

23 18 4 

28 2 8 


Importa and Exj^ta of Zino . — The Trad£ and Navigation Returns give the follow- 
ing as the quantities and value of crude and manufactured zinc imported in each of 
the three years ending 1876 



7%s Exports ofZmo or OpsltsTt the production of British mines, were os follows in 
each of the same years : — 



Fnins {^undio^Bulphnsr, and Arsenical Orss).— Of these ores, the mines of tho 
United Kingdom pzoduoM the following quantitieB in each of the ^ears:— 
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In the next table appeara the qnantitiee and Talues of the sulphur ores produced 
from the mines of the United Kingdom in the year 1876 : — 


Ooontriss 

Qusntitlss 

Vslue 

England, 

Tons 

OWt. QII. 


s. 

d. 

Ooniwall 

8,243 

17 

1 

14,916 

16 

9 

Devonshire 

6,990 

7 

1 

6,692 

4 

10 

Durham and Northumberland 

1,610 

0 

0 

706 

0 

0 

Lanoashire 

2,626 

0 

0 

1,312 

10 

0 

Stafibrdshire 

2.870 

0 

0 

1,486 

0 

0 

Yorkshire 

2,000 

0 

0 

1,000 

0 

0 

Sundries estimated .... 

8,000 

0 

0 

4,000 

0 

0 

Wales, 







Glamoigonshire 

61 

0 

0 

88 

6 

0 

Carnarvonshire . . . • . 

896 

0 

0 

672 

0 

0 

Merionethshire 

1 

0 

0 

1 

10 

0 

Anglesea 

606 

0 

0 

406 

0 

0 

Ireland 

16,017 

10 

0 

18,792 

16 

0 

Total . 

48,809 

14 

2 

48,870 

1 

7 


Imports of Iron omd Copper Pyrites in the three years ending 1876 : — 


Conntries from whidi Imported 

1874 

1876 

1876 


QuontltlM 

Value 

Quantities 

Value 

I 

1 

Value 

Norway 

Fortug^ 

Spain 

Germany 

Other oountries .... 

Tons 

41,044 

163,869 

994,117 

”907 

£ 

91,838 

449,914 

709,880 

7,110 

Tons 

91,890 

166,488 

844,019 

M88 

£ 

46,868 

486.708 

869.709 

18,999 

Tons 

7.688 

66.679 

419,068 

11,881 

10,086 

£ 

14,041 

164,916 

988,481 

19,618 

90,698 

Total 

408,637 

1,363,389 

687/166 

1,406,986 

604,678 

1,908,799 


MisouLXJoruous Mitveiolb. — In the annexed table the quantities of the less impor- 
tant minerals obtained from the mines of Uie United Kingdom in each of the years 
ending 1876 are given : — 
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Fig Irtm produced •» Oreat Britain, and Coal need in Ut MaMt{faciWN* 


Countrlm 

1874 

1876 

1876 





Flglnm 

Ooiduiad 

Enffl^ndi 

Northnmberland . 
Durham . . 

Torluhire, N. Biding . 

M W. Biding . 

Derbyiiiln . 

Laooiwhlre . • 

Cumberland . • • 

Bhropehln . . . 

North Htaffordehlre . 
South Staflordehlre • 
Northamptonahire 
Idnooluahlve . 
Olouoeatendilre . 
Wlltahlre . . .) 

Hampehira . . . j- 

SumeneUhlie .) 

Tom 

88.148 

83»,888 

1,168.471 

168,866 

801,687 

488,678 

890,480 

186,066 

878.601 

468,400 

63,760 

67,866 

48,189 

86,116 

Ttmi 
74,681 
1,988,087 
8,896,] 77 
649,868 
•06,901 
880,849 
1,010,186 
894,094 
880,614 
1,809,316 
100,860 
167,188 
167,418 

•1,881 

Tom 

88,870 

786,806 

1,840,848 

867,168 

978,066 

668,780 

486,118 

180,996 

841,898 

470,640 

80,089 

111,688 

87,088 

18,781 

Toni 
64,818) 
1,868,488 1 
8,876,867 
696,6&7 
779,100 
966,088 
1,089,000 

870.000 

708.000 
1,868,860 

177,888 

803.000 
87,061 

93,676 

Tons 

888,178 

1.961,018 

886,461 

800,719 

668,984 

486,887 

106.771 

818,669 

466,946 

84,916 

185,198 

88,108 

89,479 

Tons 

1,896,409 

S,988A70 

666,880 

777,778 

991477 

986,999 

884,738 

886,887 

1468,969 

818,098 

897,676 

89,818 

68468 

Total • 

North Wales, 

DenUgliehire • . ) 

FUntahlre . . , / 

boulh Wales. 

Anthradte fumaoei 
BltumiuouN ooal dietrlot: 
Qlamorganahlre . 

Moninuuthihlre 

Total of North and 1 

South Waloa . f 

Sootland. 

Aynhlre 

lauiariablra • . 

Flfnhlrs . . , 

Linllthiirowafairs . 

Btlrllngahlra. . .1 

Aigjrleshira . . .J 

Total of Scotland . 


11,880,861 

4,718,664 

11,891,646 



6IA68 

83,760 

880,484 

860,480 

140,948 

67,840 

66K,769 

901,800 

66,000 

89,889 

849,667 

868,863 

18,668 

61,169 

681,086 

677,871 

89,723 

80,481 

881,764 

418,946 

83,188 

68,097 

660,668 

879,988 

766,688 

1,768,161 

690,908 

1,804,188 

788,844 

1,676,676 

840,667 \ 
601,641 
18,864 
86,778 
16,887 

8,148,198} 

} 

Mil 

8,960,000 1 

860,994 \ 
080,076 

68,000 

8,060,000 

807,677 

8,148,199 

1,060,000 

9,960,000 

1,108,000 

8,060,000 


A fammaiy of the fbregoing retaros shows the aggregate prodiietion of pig iron 
and coal used in iu manufiicture in the soieltiDg opeiations to have amounted to tho 
following quantities:— 


1874 

1876 1 

• ■ 18759 ’ 

Big Iron 

Ooalusid 

Pig Iran 

Ooaluied 

Fig Iron 

OoianMl 

Tom 

4417.119 

766498 

807,677 

Tom 

11480461 

1,768,161 

9,148,199 

Tom 

4,718,664 

696408 

1,060,000 

Tom 

11J91446 

8460.000 

Tom 

4464.161 

788444 

1,108,000 

Tom 

•I04ni808 

14l«i«7t 

ijoiijooo 

6»991406 

16,898401 

6466,469 


6,686497 

16,888^ 
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The iblbwing ftTenige prieee ihoir the fluotuationi to ivhioh the lemil Tarietlai of 
p\^ iron woe enbjeet to ton) in each of the mme jean:— 


DsHriptlon of Pig 

1874 

1878 

1878 


£ «. d. 

£ a tf. 

£ t. d. 

Sonth Wales. 

6 7 6 

4 4 11 

4 2 6 

Scotland 

4 10 0 

8 4 0 

2 18 6 

Cleveland . 

8 16 6 

8 0 0 

2 18 0 

Shropshire . 
Nor^mpton • 

7 1 0 

4 9 9 

4 18 0 

4 6 0 


The imports of all kinds of ore. iron and iteel. into the United Kingdom, in each 
of the years ending 1876, appear as follows 


Description of Iron 

1874 

1876 

1876 

QuantlUee 

Yalne 

Quantities 

Valae 

Qnantltles 

Value 

Iron ora 

Fig and puddled , . . 

Old Iron and eteol . . . 

Bteel, nnarought , . 

Iron and eteol, wrought and 
unwroiight. . » . 

Tom 

754,141 

56,0»9 

78,469 

92.4S1 

7,884 

1,054,019 

£ 

1,021,481 

416,198 

1,058,890 

191,481 

128,880 

1,825,776 

Tom 

458.678 

47,606 

88£29 

19,894 

7,509 

1,159,769 

£ 

588,571 

842,061 

1,880,059 

86,752 

119,294 

1,422,799 

Tone 

672,280 

81,449 

85,884 

15,664 

9,980 

1,890,225 

£ 

796,510 

219.228 

1,096,469 

86.989 

188,848 

1,494,581 


The oxporta of iron of all kinds, the produce of the United Kingdom, in eaoh of the 
some yean, with the respective values, appear in the following tabular statement: — 
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Sumr^wry qf the CoUieriee of the United Kingdom and of the Production qf CoaL 



NorthnmlMrlAnd 
North I>urluun . 
Onmheilond 
Wwtmoreland . 
South Durham . 
Obeahire . 
Lonoaahire, North ar 
LuiOMhlre, West 
Torkihlre . . 

Derbrahlre 
Nottlnghanuhiro 
WarwlckBhire . 
Leloeitershire 
Staffordshire, South, 
oestcTbhlre . 
Staflardshire, North 
Shropshire . . 

Olouoestenhlre . 
Somerutahlro . 
Monmouthahiro 
ITafai. North 
ft South , 
Seotkmd, East . 

„ West . 
Ireland . 


Total of the United Kingdom 8,87S 


Exports of Coalf Coke^ CinderSt and Fuel manufactwred. 



Coalt ^.t shipped for the use of Steamers engaged tfi the Foreign DradSt 












































QaantiU exported to 
Onmt Britain alone 


Total Quantity 
exported 


Bpgulus of antimony 
Metallic antimony . 

Mercury .... 
Iron ore .... 
CopMr ore ... . 

Lead ore .... 
Zinc ore .... 
Manmnese ore 

Graj^ite .... 
Raw Bulphur .... 
Reflnod and eublimed sulphur ; 

flowers of sulphur 
Solid and liquid bitumen 
Boracic acid .... 
Salt (sea salt and rock salt) . 
Ochres, raw and burnt . 
Grind-Stones .... 
Mill-stones 

Hones, flints, soapstone for 
tailon .... 

Slates 

Plaster of Paris 
Alabaster in blocks 
Sculptured alabaster and plas- 
ter casts .... 
Marble in blocks . 

„ in sawn slabs not po- 
lished . 

„ in TOlished slabs 
„ bam, mortars, marble 
mill-stones . 

„ in slabs for pavements 
„ oomiees, steps, banis- 
ten^ &e., for build- 
ing purposes . 

„ sodlj^ured, or other- 
wise artistically 
worked • 


^Total of the above products'! 
exported in the year 1876 / 


Toni of 
1,000 kilo- 
grami 
100 
10 
104 
4,089 
8,068 
6.166 
16.428 
436 



N.B, — In addition to these there are snndiw products not defined sufficiently in the 
Onstom House itotistics to beable to include them here. The total minoral prodoetioii 
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af Italy aIw inoIndM the home maniifiictuie and conenmptioot of irhidi a gesaial Maa 
9uiy he taaad from the ftlbwing notee. 

Notea to ihofortgwog Table, 

MncruBT.— Two merenry mioea are atill ezteneiTely worked, in roite of the won- 
derful frll in the price of this metal since the disoorery of important depoeits in North 
America (in the prorinces of Sienna and Bellano). 

Ibok Onn. — The exportation is fdmost ezclnsiroly confined to the mines in the 
island of Elba, and the neighbouring ones at Monte Argentario (Orosseto). A Texy 
laijge quantity of iron is likewise smelted in Italy, both for the manufacture of cast 
and wrought iron and steel. The most extensive iron mines are those of Elba (Leg- 
horn), the produce of which in the year 1878-4 was 221,880 metrical tons ; other 
mines exist in Central Italy, near Campiglia Marittima. In the Alpine region the 
principal mines are found at Montaldh di Mondovi (Ouneo), in the Val d’Aosta (Turin), 
the Val Brembana, the Val Seriana, the Val Oamonica, and the Val Scalva (Brescia 
and Bexgwo) ; finally in the Valtellina (SondrioJ. Italian iron is principally manu- 
factured in the mountainous districts, the ore being smelted with charcoal and the 
iron puddled with lignite : Simcmrs* gas furnaces have been long in use and with the 
greatest success. The employment of charcoal is a pure folly, as the destruction of 
the forests entails the destruction of the entire mountainous districts of the Alps, and 
causes the most formidable expense to the nation on account of the periodical inun- 
dations which are the inevitable consequence. Palfenzoic anthracitic coal exists in 
the provinces of Cuneo, Turin, and Udine, and would be admirably adapted for iron 
smelt ing, being free from sulphur. Bessemkr steel is manufactured ^ Piombiiio 
(Pisa). Owing to the development of the iron manufocture in Italy the exportation 
of the ore represents but a tithe of the total production. 

CoFPBR Orb. — Large copper-smelting works have been in existence for many years 
near Prato (Florence) ; smaller ones are also to be found in the provinces of Lucca 
and Grosseto, where the ore is either concentrated into a rich matt or smelted. In 
the Val d’Aosta (Turin) numerous copper deposits are known ; a few mines are still 
worked, but with total absence of spirit ; the capital employ^ in them is also insig- 
nificant. The ores from these mines are partly concentrated and exported as a matt 
partly smelted on the spot. 

Lead Obb. — The lead mines of Italy are in a very flourishing condition. First in 
importance is unquestionably that of Monteponi (Cagliari), one of the best, indeed, in 
Europe. Oennamari and Ingurtusu mine, situatM not far from it, also ponces vast 

a uantities of rich ore. Lead mines are abundant in every part of the island of Sar- 
inia (Cagliari and Saesaro); several of them are very la^e, and, what is more, ad- 
mirably directed. In the Peninsula the Bottino mine (Lucca) holds the first rank, 
and is a model of good working : the ore is exceptionally rich in silver. Lead nines 
are at work in various parte of the Alps (Novara, Milan, Como). Excellent Ind- 
sraelting works are established at the Bottino mine ; at Poxtusola, near Speeia (Genoa), 
where a large proportion of the ores from the yrovinoes of Cagliari and Sanari are 
■melted ; at Genoa, &c. Only a small proportion of the lead ore produced in Italy is 
exported. 

ZiNo Orb. — T liis mineral is principally worked in the provinces of Grosseto and 
Belluno, the former being situat^in Central Italy, the latter in the Camic Alps: the 
nines in the province of Belluno are cl<»e to the Austrian province of Carinthia, wheaos 
the ores are chiefly exrorted and smelted at Oilly and Sa^r, in Btyria. 

MAJfOAMBBB Obb.— M anganeas is raised in a rather desultory manner in numeroM 
localities in the provinces of Genoa and Sienna, as also in the Val d'Aosta (^Mn) : H 
is mineipally exported to the South of France for glass manufacture. 

Gbaphitb is produced in the Oottian Alps, being found in relation to the pvo- 
palmoBoie or secondary gneise (Turin). 

SuLVBUB.— There are in Italy two distinct centres of production of sulphur : Sicily 
(Catania, Caltanisetta, and Qiigenti), on tbs southern side of the ishui^ sad in two 
nr three localities on the north side (Palermo). As a general rule these nines are 
literally rabbit-warrens, and are conducted in an antediluifian manner. Of late sons 
large capitalists have introduced great improvements, and as they have elected proper 
raa^inaiy and employ engineers to snpenntend the undertakings, the mines are well 
worked. Great benefit will aoeme to the sulphur mines of Sicily through the opsoing 
of national roads, as hitherto only mule tracks existed : railways are alM being mwds 
in every direction and ports systematised at afiabalous cost to the central govnennkent* 
By iJl these meant the price carriage from the mines to the vessels will hediminidiM 
abont fan^fifrhs, and personal seeunty be increased every year. Extensive mMinv 
mines are worked between Bologna and Ancona, in Central Italy (P4aaro and UraiM^ 
Forli) ; sevsral important companies ora actively engaged in opening out tbs fionnAi 
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tin undoee b reflind in the ndghbcmrliood» thieflj at Rimini. Sicilian aulphnn can 
not Cm nnj oomparison nrith that of Centml Italy, which is inoonUatably cupesior 
' and purer, and — »■ at a much higher prioe la the market. All the anlphur minee in 
l^y betong to etiatiiled marine diq^ta of the miocene or middle terti^ fimnation. 
Though cnlphur ie aleo one of the producte of Tolcanio action, it mnat not for a aingle 
moment be rappoaed that the mineral extracted in any part Italy hoa the rnnoteat 
relation to Toleanic phenomena, aa aeema to be atill the opinion of oome Engliah geo- 
logiata. Sulphur ia oonaumed in large quantitiea in the country iteelf for the manu- 
facture of gunpowder and chemical worka, but chiefly in the ground form for aulphuring 
vinea, in order to ward off the eryptogama. 

Bmrmxoua Schibtb aho Potsoliuic are widely repreaented in the miocene forma- 
tion throughout the Peninaula and the inland of Sicily, but the quantity ia far too 
inaignificant to make it an article of extraction, except in the weetem spura of the 
Apennines, near the valley of the Pescara (Abruaao Citeriore), where mini^ enterprise 
lias been very euoceaafuUy directed to ue working and purifleation of petroleum* 
bitumen, and aaphalte. Other minee ore juat now being opened on the Heditemuiean 
aide of the Apenninea between Rome and Naples (Terra di Lavoro). Aaphalte ia 
principally manufactured at Milan, while the mineral oils are reflned for tne moat 
part at Vicensi; but a small part of all these products ia exported. 

Bobacic Acid is especially interesting aa an object of extraction in Italy. It is 
found in the neighbourhood of Volterra (Pisa), all alon^ the course of a valley, Mn- 
Slating of upper cretaceous and tertiary rocks, in the midst of which active wmical 
decoDipoeitiun is sot up the moment water cornea in contact with numerous minerala 
in unstable chemical union which exist at a certain depth, and of which the principal 
contain boron in some state of combination hitherto unknown. The methoa of pro- 
ouring the acid ia extremely simple and beautiful, reducing itself to the formation of 
small circular lagoons, secured by a low wall in dry masonry, and then making an 
artesian boring in the centre. Surface water is constantly fumiahed to the lagoons, 
and, penetrating the deep Assures in the rock, determines the formation of eolUblo 
borocic acid, which is ejected with the water, and raised to the boiling point by tho 
intensity of the chemical action. A practical theory attributed the origin of the boracic 
acid lagoons to volcanic action at a vast distance from its centre of activity. More 
accurate study of the phenomena shows that there is not the slighest ground, for such 
a gratuitous supposition. 

Salt is found in three states : in Sicily, Calabria, and south of Leghcom as rook 
salt. In numerous localities the saline mineral springs are rich enough to be utilised 
for the evaporation of the salt. This substance is likewise extracted in immonso 
quantities from sea water, the great heat and long duration of the summers in the 
South of Europe being peculiarly favourable to an exceptionally great amount of 
evaporation, lieing an article of Gfovemment monopoly, the price of salt for home 
consumption is very high, and the quantity used is consequently reduced to the lowest 
terms. 

MnmuL springs are very abundant in Italy, where there are about 1,000 of great 
importance, btaides at least 000 others more or less insiguifleant I'hey belong to the 
foLlowing classes : saline, saline-iodine, saline-alkaline, acidulous, acidnlo-chalybeate, 
sulphurous Hud sulphuro-hydrocarbumted springs. Their temperature ranges iMtween 
48^ and 212'’ Fahr., and is remarkable for its constancy. ^ Geologically speaking, the 
greater number rise in the miocene strata of marine origin: a tew also exist m the 
palmoaoic rocks of the Alps ; those which originate in rocks formed by active and 
extinct volcanoes possess peculiar medical efficacy. Singularly enough, the former are 
oold, the latter hot. The springs which originate at great depths are often cold ; 
those which are formed only a few fathoms below the surface, as at Ischia, are often 
near the boiling point. The mineral springs of Italy were held in the hi^^est repute 
by Jhe^ Romans. Oommercially speaking, now-a-Uujs, the waters of Jtuy are only 
beginning to be known and duly appredated, so that they do not yet form an artida 
of export. Vast thermal bathing eetabliehmentB exist in many plaeas, of whioh the 
IhUowinff may b0 mentioiied:— Acqui, Bormio, Reooaro, Abano, Porretta, Montseatini 
di Vol <& Nievole, Ischia, Aeireale. It would be a very eaey matter with proper 
pnrate tateipnae to makis the mineiul epringe of Italy bring In a revenue of 400,0001^ 
per annum. 

OtmKU need as pigment are chiefly found in the neighbourhood of the Monte Amiata 
(SieaiM)^ and in the ielaod of Elba. In addition to the exportation of thie piodaet^ 
eo wall known in trade by the name of ffienna earth, it la largely oonsumed in tlm 
4Sountsy for a variety of purposes. 

Saam of the ben quality is quarried near Ohiavari (Genoa), and is extensively 
emphqred for rooflug in Liguria ; this uaefhl stone is also found at Stassema (Lnoea), 
bat ft does not possess so perfect a deavage or so polished a en r foce ae that oom thi 
foragoing locality. 

ilmoic for plastet of Paris is found in the miocene rocks tbiougboiit Italy; that 
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of the masoioie period \h fnr more eeteomed, as being stronger: of this latter kind 
quarries are worked in the provmoes of Grosseto. Ouneo, dec. 

ALABAsnBi that queen of ornamental stones, is found at small depths below the 
enrlhoe in the form of rounded musses in the mioeene clays of Centr^ Italv (Fisa). 
Its extraetion and subsequent working into statuettes and ornaments of nirydike 
beauty and the most delicate transparenev, gives emplojrment to a very considenble 
number of persons, for the most part skilled artisans. Artistic productions in ala- 
baster, which are sent to every part of the civilised world, are almost ezdusively 
made in Italy at Volterra, Pisa, and Florence. 

Mabblus, — Italy possesses a larger variety of excellent marbles of every colour 
than any other country. Yellow marbles are extensively q|^aarried near Monte Arrenti 
(Sienna); black marble near Pisa ; black with splendid gold-yellow veinings at Spezia 
^enoa). Crystalline marbles are quarried on an immense scale at Carrara, Massa- 
^rrara, and Scoravczzia, three distinct centres of production. The greater part is 
pearl'gray: this is the best and stinsngost for architectural purposes. Snow-white 
marble is much weaker, and cannot bear exposure to the air. Snow-white marble 
with slate-grey veinings is principally employed for furniture and interior decoration. 
Statuary marble is either white or has an almost imperceptible tinge of yellow, which, 
as it imitates to perfection the colour of the skin, is highly prized and often sells for 
fabulous prices White crystalline marble of precisely identical nature and origin is 
found at Valdieri (Ctineo), Massello, and Prali (Turin), and other localities in the Alps. 
Geologically the white ciystalline marbles of the Carrara district and the Alps belong 
to the pre-palseozoic rocks, below the Silurian formation, and result from the metamor- 
phosis of slate-grey and other dark-coloured limestones. The same observation holds 
good with marbles as with the foregoing substances. The exportation of nUarble in its 
natural state or variously worked, including statuary, represents a value of 460,000Z., 
in addition to which there is a very considerable consumption in the kingdom itself. 

Prussia, Mineral ProdueHon of^ 1871-1876. — The following statistics of mineral 
production in the kingdom of Prussia are from the official returns published in the 
Ldtechriftfw Brrg-^ HutUn^ und Salinenwesen im Preuaeischen Staate : 


Minerals 

Pradnotion | 

1871 

1872 

1873 

1874 

1870 

1. Mining. 

a. Goal and Bitumen. 

1. roal 

3. Brawn coel (lignite) . 

8. Aephalte .... 

4. Naphtha .... 

Total 

6. Ores. 

I. Iran 

3. Zlno 

8. Lead 

4. Oopper. .... 

0. Silver and gold . 

6. QuioksUver .... 

7. Oobalt 

8. Niokol 

8. Antimony .... 

10. AnaDlo 

II. Manganese .... 
13. Iron pyrites .... 
18. IflsoeUanoous ores, vitriol 

and alum ores . 

Total . . J 

e. Mineral salts. 

1. Book salt ... . 

3. Mitre 

8. Sulphide of magnesia . 

Total . . . 

Total mining products 

U. JBalktarii. 

BomosHo salt . . . . 

Centner 
rilO’SSl Ib. 
avoirdupois) 
019 540,873 
187,034,903 

Centner 
(1 10*331 1b. 
avoirdupois) 
090,470,013 
148,992,780 

Centner 
(110*231 lb. 
avoirdupois) 
646.908,183 
109,700,649 
840,000 
700 

Centner 
(110*381 lb. 
avoirdupois) 
688,778,866 
174,832,986 
470364 
770 

Centner 
aiO'981 lb. 
avolrdupou) 
668,860,889 
166,800,183 
410,000 
770 

606,860,777 

789,468,343 

807,060,002 

810382,786' 

880,601,941 

08,400,493 

6,613,988 

1,840,030 

4,380,389 

see 

140 
861 
138 
310 
8, 9(H) 
303,823 

1 3,710,480 

78,437,808 

8,286,818 

1308,874 

0366,948 

312 

80 

4370 

257 

868 

12,988 

863,410 

1 3,986,988 

t 041,918 

71,100,106 

8,883,830 

1,981,861 

5,700,181 

118 

"0,719 

347 

841 

68,901 

838,440 

3,063,707 

049,607 

00,817,814 

8,870,008 

1,902.001 

0,100,931 

111 

”0,080 

6.104 

338 

46,949 

848,701 

3386388 

668,789 

01,888.40] 

9304,10s 

S,167,-V>7 

6,479,088 

110 

”4,000 

4,448 

800 

46,066 

941,166 

9379384 

644,470 

74,118,669 

93,888384 

91,091,008 

70,370390 

7936MI9 

1.478,164 

8,308,000 

1.096,784 

3,800,000 

000 

1,076,479 

83n.ooo 

881 

1,687,066 

3389,800 

866 

B 

4.676,104 ^ 

0347,784 

4,847,810 

4,008,134 

4361,^ 

780,660,610 

887,940,060 

903,089,430 

887388,900 

91f»tlM99 

8,736,669 

8388303 

8393,674 

4,900,664 

438MU* 


































UmES, BATEABLB VALUE 


wr 


UhionJs 

Value In 


1671 

1879 

1878 

1874 

1875 

1. Mining, 

a. Cool and Bitumen. 

1. Ooal 

S. Brown ooal (lignite) . 
a. Anihslte .... 

4. Napbtha .... 

Mark 
of 10|d. 

188,748,905 

90,897,798 

Mark 

of 1(^. 

288,886,484 

98371375 

Mark 

of 10|d. 

854,165,355 

97,855,637 

181,600 

94,840 

Mark 
of lOid. 

887.404399 

81,467,846 

867,608 

94,840 

Mark 
of lOfd. 

354,699,561 

98,085,431 

946,000 

94,840 

Total . . . 

308,641,898 

979,397,859 

889,397,939 

869,364.816 

984,498,899 

b. Ores. 

I. Iron ..... 

1 2. Zina 

а. Lead 

4. Copper 

б. Bllrer and gold . 

(L QulokBllTor .... 

7. Cobalt 

8. Nickel .... 

8. Antimony .... 

10. Anenlo .... 

II. Manganoee .... 

13. Iron pyntes . . 

13 illioeUaneoaB ores, vitriol 
and alum oree . 

35,487,438 

5,383,949 

14,674,547 

5 867,518 
163,780 
189 
17.018 
10,701 
096 
18,850 
464,108 

1 1,410,839 

84,167,730 

8,494,407 

14,878399 

6,984,826 

69389 

177 

58,188 

18,548 

3,168 

4,038 

695,895 

1 1,880,768 

1 87,780 

88,896,900 

19,400,531 

17,576,919 

7,134,180 

08,863 

55,981 

13,610 

9,160 

84,453 

898,480 

9,787,453 

160,698 

19,034,958 

10,940,789 

18,190,285 

6351,949 

101,754 

143,038 

16,235 

1,665 

98,475 

635,881 

9,438,841 

148,899 

19,800,811 

18.688,830 

90.817,894 

6,611,807 

71,949 

80 

70^45 

86,411 

9,405 

89,900 

585,540 

9,576348 

48,197 

Total 

53341,709 

67342,618 

74,618,876 

58.781,694 

63,700,487 

e. Mineral salts. 

1. Rock salt . 

a. Nitre 

8. Sulphide of magnesia . 

563,050 

1318368 

663,415 

3,166,460 

80,000 

795,166 

1,601,145 

39,137 

i 

601,008 

977,963 

37,816 

B84«411 

1,202,872 

84,288 

Totta . . . 

1,875.818 

3,848,876 

2,435,438 

1,606,086 

1,771,531 

Total mining products 

258,308325 

849,819,353 

469,166,026 

420,803320 

848,990,840 

11. SalliBorkt, 

Oonieotio salt .... 

4,755,705 

5,015,983 

5,146,008 

5,849358 

5308,971 


Nova Scotia. — Mineral Vrodwstion in 1876. 


Coal . 

Gold . 

Iron ore 
Manganese . 

sr. : 

Gypsum 
Freestone . 
Limestone . 
Moulding sand 


709,646 tons 
] 2,039 ounces 
]A,274 tons 
16 „ 

46 „ 

6 „ 
80,920 ,. 
6,006 
LOOi „ 

227 „ 


— Report of tho Inepeetion of Mittea w Nom Scottq for the year ending Deoemher 
1876, by Hbmbt S. Fool, F.G.S. 


mmmm op* WCHBiMB Am WAUS. SateabU value.^The Uble on 

L 686 is taken from a return to an order of the Honourable the House of Commons, 
ted March 14 1877j showing the gross estimated rental and rateable Tulue of the 
several ooal, ironstone, and other mines in each Poor Law Union in England and 
Wales^ togellier with tdie basis or mode of assessment It will be seen that there is 
not an exact agreement between this return and that which follows under the head of 
Mll^es in tl^ united Kingdom— especially in the collieries. This probably arises 
from the first return giving actual collieries only, whereas in the second some pits 
may have been returned as collieries. It is to be regretted that a more uniform 
syirtem is not adopted by the Inspectors of Collieries in their returns. At pmsent, 
and forwome years past, the variations have been considerable ; some of the insnec* 
tors giving the numto of pile m their inspection district, others confining thenuRuvcf 
to < 






























MIKES, DEPTHS OF 


OOBBUr 

l.>Ooal Mines 

9.— Ironstone Mines 

8.->Other Minos 

Number 



Number 


1 

1 

Pll 

ll« 

1 

Rngtand, 



£ 

£ 


£ 

£ 


£ 

£ 

Oheitar 


n 

90.779 

18,900 

— 

— 

— 

10 

1,169 

076 

Oomwell . • 




— 

91 

1,080 

1,078 

160 

80,884 

80484 

Onmberiand 


46 

86.408 

81,098 

80 

174,063 

186,141 

9 

40,881 

84,088 

Derby • 


198 

116.088 

04,087 

6 

3,108 

1,817 

6 

9484 


De7on 





6 

409 

838 

Ol) 

10,789 

10,677 

Durham . . 


309 

741.817 

689.081 

8 

820 

779 

81 

17,606 

17,606 

Qlouomter. 


98 

84.019 


— 

— 

— 

7 

9479 

1,781 

Lancaetor • . 


864 

670.669 

470.498 

90 

06,464 

96,464 

6 

804 

888 

Leloeeter • • 


19 

91.986 

19,164 

— 

— - 

-- 

— 

— 

— 

Lincoln . • 


— 



1 

084 

984 

— 



Monmouth 


191 

08.466 

84,004 

99 

8,001 


— 

— 

— 

Northampton . 


— 



19 

10,108 

9,180 

— 

— 

— 

Northumberland 


118 

996£87 

178.647 

9 

678 

486 

■4 

6,017 

6419 

NotUnoham . 


M 

116,669 

98,480 

— - 

— 

— 


640 

483 

Salop . 


69 

81.886 

37,999 

19 

4.008 

4,941 


660 

691 

Somenet • 


80 

99,977 

90,686 

8 

1,068 

1,098 


40 

86 

Stafford . . 


909 

961.799 

900,466 

67 

87,179 

81,071 


9,091 

9401 

Wondok . 


18 

16,908 

11,179 

8 

706 

671 

B9l 

— 

— 

Weetmoreland . 


1 

77 

64 

1 

100 

100 

6 

9481 

9,481 

Wilta . . . 


— 


— 

— 

— 


48 


4,876 

WoroiMtor . 


104 

94,077 

70,074 

96 

6,471 

4,648 

48 

7488 

6,864 

York (North Biding) 

9 

470 

498 

47 

162,671 

181493 

16 

7,089 < 

6,431 

York (Wert Biding) 

488 

470,401 

408,183 

47 

10,966 

8,864 

48 

6481 

0406 



9^130 


msm 


611,146 


B 

146,013 

183,063 

Walet. 







M 

■ 



Brecon 



1,760 

1,760 


1,388 

■MU 



— 

Oardigan . 


— 


— 



— 

97 

6,897 

6,766 

Carmarthen 


63 

90,716 

10,811 

— 


— 

7 

978 

863 

Oamanron . • 



— 





6 

1,989 

1417 

Denbigh « 


80 

94,906 

91,994 

8 

181 

181 

18 

4,876 

4460 

Flint . 


41 

38,898 

38,848 

6 

464 

484 

8 

9,004 

9,606 

Olamoignn 


810 

438,109 


47 

8408 

6 910 

9 

80 

76 

M«rioneth . 




- 


__ 


10 

•8,606 

86,748 

Montgomery . 


4 

870 

663 

_ 



90 


10,889 

Pembroke . . 

. 

0 

8,144 

3,478 

9 

83 

79 

6 

181 

167 

Badnor 


— 


— 

— 

— 

— 

1 

80 

80 



468 

618,786 

489,638 

68 

10,069 

8^80 

m 

66,891 

63449 

Total of England ) 
and Walca / 

9,688 

8,808,696 

9,776,890 

886 

691404 

488,199 

■ 

91146S 

100404 


SUMICABY : — 


Number of collieriei — 


England 

Waloe 

. . 2,220 
468 

Number of ironstone minee^ 


England 

Walea 

. . . 828 

• • • 68 

Number of other mines — 

England . • . . . 

. 485 

Walea 

108 


Total numbor . . . , 8,067 


(Vol. iii. p. 

See Btaiho, id thie Tolnme. 

The Bamber of Diinee at work in the United Kingdom in the yean 1878 and 
wae ae ibllowi : — 


287.) 

1878 


Denlptloii of ItfaMi 
Tin . . 


2S*. 


Number of Idoes 


1876 

1976 

188 

186 

100 

101 

804 

892 











































MINES, DEPTHS OF 




DSNriptlonoCiann 



Number el 
1B7S 

me 

Zinc* . 



50 

57 

Mtes* 



80 

88 

Gold . . . 



1 

2 

Anenic” 



81 

26 

Manganese . 
Wolfinun . 



9 

1 

7 

1 

Plumbago . 



1 

— 

Iron ore 



400 

240« 

COLLIBRIBS . 


• 

8,983 

4,022 


The Returns made to the Inspectors under the ‘Coal Mines Regulation Act’ show 
that in 1876— 

The number of persons employed in our coal mines underground was . 409,229 
Do. do. aboveground was . 105.803 

Of the latter, 6,056 were females. 

The fatal accidents in 1876 amounted to . . . .839 

The number of deaths occasioned thereby • • • • 983 

The Returns made under the * Metalliferous Minei Regulation Act’ giye— 


Fhbsoms BRPioTnD 57,497 

In Great Britain — underground 82 795 

„ „ aboveground 22,374 

In Ireland — underground 1,814 

„ aboveground 1,014 

The fatal accidents in 1876 amounted to . . • .66 

The deaths from them amounted to 70 


Thb Deptba op Mikbs. « ' 

Under Bounce (pp. 152, 158), the depths of the deepest collieries and other mines, 
and of artesian wells, are given. 

The following list refers to metalliferous mines in these islands only 
CoUKWAIX. 

Oonsolidated Mines, copper {not working) . from surface 312 fms.* 1,872 feet 
Dolcoath, tin and copper .... „ 871 „ » 2,220 „ 

(Perpendicular depth, 2,040 feet ; the remainder on the line of the l(^e.) 


Tresavean, tin and copper {not working) . from surface 860 fms. -2,100 feet 
■ 228 -1,838 „ 

840 „ -2,040 „ 
from sea l^el 260 „ - 1,500 „ 
sa for 2,448 feet ) 

from surfisoe 222 ftns. - 1,832 feet 


, - opper ( 

South Francis, tin and copper 
Cook's Kitchen, tin and copper {not working) 
Botallack, tin and cimper .... 

f worked out under the i 
Wheal Agar, tin ana copper 


The principal mines in the parish of Tavistock have the folloinng main shafts 

East Pool, copper from surface 210 fms.- 1,260 feet 

0am Brea, tin and copper ... „ 316 „ —1,890 „ 

South Cara Brea, tin and copper . . „ l70 „ -1,056 „ 

South Wheal Crofty, tin and copper . . „ 210 „ - 1,260 „ 

Bt. Ives Consols, tin and copper . . „ 208 „ -1,218 „ 

(The shaft from surfitce was 195 fiithoms, and a sump winie was sunk on the counter 
lode 8 fathoms deeper). 

West Seaton, tin and copper . . . from snrfhoe 

South Oaradon, tin and copper . 

Pheeniz, tin and oqpper . 

Marks Valley, tin and copper 
East Caradon, tin and copper . 

Glasgow Oaradon, tin and copper . 

Di T onaiiiB i. 

Dzvoh GuaaT Ooksols {Main Lode), 

wtImI rGard’s shaft • 

Wheat Maria. . . \ Morris’s shaft . 

■ Thsis an mlnss prodiwiag snro as the men ahnndaat ore. 

* Then do not Include the pyrites, mnndioa, 


180 ftns.— 1,080 feet 

275 

„ -1,660 

t* 

246 

» -1.470 

f. 

188 

„ -1,008 

.» 

164 

„ - 984 

ft 

90 

„ - 640 

H 


, 95 ftns. de^ 

• 100 „ 


or ooal'bmsei produced from tin or ooppsr mlnii or 


* Then an mlnn piednolng anenlcal pyrltoa. 

• In is7d unni inuatona pita worked In the ooid ii 


I an Indndad, whloh an omlUad in llTC. 



MINES, DEPTHS OP 


itjLmJ J western snaic . • . . xso nil. omd 

WhseUFmmif . . Eastern ihaft .... 80 „ 

Wkeal Amut Maria . Engine shaft , . . .187 «, 

{ Field shaft 187 

KS;i3. : : : : S! : 

Agnes’s shaft • . . .184 „ 

ITW; »!««./. /Incline shaft . . . .205 „ 

Wheal Emnui . . ^ Thomas’s shaft . . . .216 

r Engine shaft . . . .180 „ 

New South Lode . . Railway shaft .... 160 „ 

tNew sh^ 100 

: : ; : 7o :: 

(All these mines and lodes are comprehended within the sett of Deyon Groat 
Consuls.) 


BaDFonu United. 

r Engine shaft 


115 fms. deep 

Main Lode 

< Western shaft 

, , 

130 


(^Incline shaft 

, , 

148 „ 

North Lode 

Engine shaft 

• 

138 „ 

South Bedford. 

C Engine shaft 


40 

Alain Lode 

< Gaid’s shaft 

, 

96 


t Lnscoml^ Down shaft . 


80 

Impham Lode 

Engine shaft 


64 

r Engine shaft 

1 Lay's shaft . 

, , 

40 „ 

Wheat George and 

, , 

Jio 

Charlotte 

1 William and Mary engine shaft . 

84 „ 


1 „ ,, whim shaft . 

70 

East Wheal Bueaell 

/Hitchins’s shaft . 

\ Homersham's shaft 

• 

100 

160 


Wbrsl Russbll. 


Main Lode « 

Impham Jjode . 

Bedford Consols 
Crowndale . 

Wheal Crebor . 

Wheal Gawton , 
Wheal Grelake • 

Wheal Friendshic 
the parish qf A 
Divy) . 


/ Western shaft 
Hitchins’s shaft . 
t Matthews’s shaft . 
Matthews’s shaft . 


. Whim shaft . 

. Engine shaft 

r Bundle’s shaft . 

J Gill’s shaft . 

' 1 Kelly's shaft 
(, Cock’s shaft 
. Engine shaft 

{ Enpne shaft on copper 1 
ti ft lean lod 

> tSm { • 

J ■baft 

j Taylor’s shaft . 

* I Brenton’s shaft . 


87 fms. deep 
26 „ 

26 „ 

60 


Wheal Betsy (in the samey)aruiA).~Supk by the Messrs. Taylor to the 110 fhthom 
lerel, and deepened of late years by a Glasgow company about 20 fathoms. 

YosxsHZR^ OuicBaBLAin), &C. — ^The lei^ mines of the North of EoglaRd are 
usually worked by levels, or tunnels driven into the hill at its lowest poinV and then 
the mineral lode is followed up into the hill or worked ' i^n the rise.' 

The following account of the chief workings in the Alston Mo^tr are oontribnted 
by Mr. W. Waxxacr, whose excellent work on the metalliferous deposits of Alston 


Alstor Moos. — Nentforce l^vel is the longest level in Alston Moor; altogether 
it extends nearly five miles. The mrtion between Him Vein and AlstiM) Is an 
underground canal, and from Haggs Vein to Rampgill Vein it is made as an ordinary 
level at an elevation of about 180 ft. above the canal portion. 

Bampgill Level extends from the Nent river to the bonudaiy between Cumberland 


tflKB SUBTSYING 


m 


•ad Northiwibifiiiidy and if a litUe ot« a mila bng. Hie branch in Scalebnra Vein 
fstan^ to tbf fame tonndaiy. In each eaic the lerel is made near to or in the rein. 
Another bnodi of Bampgill Level extends sonthward from BampgiU Vein, near to or 
in Hy*ii deugh Vein, ^is extension is upwards at a mile long. In addition to 
these trunks there are several other portions or branches which can only bo 
shown properly upon a plan. 

The JDowgang Level is very nearlj^ on the same elevation as Bampgill Level. It is 
driven westward in the Lowgang Veins, and sonthward in, or near, to Black Ashgill 
Cross Vein, through that portion of the vein a little below Friorsdale Dam. Its extent 
in this direction is nearly two miles. It is also made in Middle Oleu^h Second Sun 
Vein and Long Oleugh Veins, to a short distance from Carr's Cross Vem. 

Brownley Hill or Broomsbury Low Level commences at the house near to the termi- 
nation of the wood Greenends. It is extended to the Cross Vein, and from thence to 
and through a portion of Scaleburn Vein. In this direction the level must be 1^ 
miles long. It is also ramified through the whole extent of the Brownley Hill veins. 

Browngill Low Level commences at Garrig^ll Bnrn, a little on the west side of tlie 
outcropping of the Scar limestone. It terminates near the middle of Browngill Sun 
Vein ; and, on the course of the level, is about one mile long. The Bodderup Fell 
Levels are about the same extent as the above. These are the longMt levels in 
Alston Mooi. 

The extent of the mine works on the range of the veins, from the Tyne river near 
Gamgill VillHge to Swinhope Burn in Northumberland, is remarkable. The Brown- 
gill mines, all the Nenthead mines, Dowgang, Brownley Hill, and the Coal Cleugh 
mmoB, are connected by mine works. Even at the present time, a person might enter the 
mines near the Tyne lliver, and pass through the whole extent of the above mines, 
without ever seeing the light of day — a distance as the crow flies of about seven miles. 
The Swinhope mines are connect^ with the Allenhead mines; the Garrigill and 
Nenthead mines are connected by mine works with the Weardall Pasture Grove 
mines, which are very extensive. . ' 

The deepest mine works, by which lead has been profitably raised in Alston Moor, 
is near the Northumberland boundary and in Bampgill Vein. It does not, however, 
much exceed 120 fathoms. At this place the Millstone Orit rocks only became pro- 
ductive at a depth of some 30 fathoms below the surface. The Long Cleugh Veins 
are worked some 80 fathoms below the surface. The firestone stratum, which is near 
the surface, contained no lead of importance, and the production of lead was limited 
to a section of about 86 fathoms, the lower part of which, in the Quarry Hasle, was 
not rich. Generally, profitable mining in Alston Moor has ceased at the bottom of 
the great limestone. Though there have been some rich deposits of lead in strata 
below the great limestone, yet if we take into consideration toe cost of all the works 
mode to find load in these lower beds as they are called, the cost of production has 
very greatly exceeded the value of all the Im that has ever been prodnoed from 
them. Three-fourths, at least, of all the lead that has been produced from ^e 
Alston Moor mines, has been raised from a section of about 160 feet, which compre- 
hends the great limestone coal hills and little limestone.^ 

It is only in the Tyne bottom mines and the Blagill Burnfoot mines, that load has 
been profitably worked below the bed of the rivers Nent and Tyne, and in each case 
the depth of .Uie deposits is restricted to a few feet. None of the veins cut through 
by the Nentforoe level contained lead of the least importance. Many of the veins at 
the depth of this level were simple cracks in the rodis, in which no minerals at any 
kind were deposited, or chemical change of any kind effected. 

Perhaps more than three-fourths of the lead produced, from the 160 fhet of section 
alluded to above, has been found in a section of 12 feet of little limeetone and 48 
feet of great limeetone, 

Nobtk Wixas.— Very few of the Flintshire lead mines go deepsr than about 100 
fathoms -600 feet 

OaBDXOAMSHinB.— Fron-Gooh, Qoninan and a few other lead mines may be 130 
fathoms bdow the adit— which is about SO fathoms below the sur&ee — mving about 
160 fkthoms from the snrfhee of the hills, or 960 feet aa the avenge dep^ 

Isu or Mair. — ^Lead and ainc mines : — 


Great Laxey, below adit level 
„ adit varying from 
North Laxey .... 
Foxdale .... 
EastFoxdale . . . . 

Ohio 


from enifroe 186 frne.«816 feet 
„ 166 „ -980 „ 

,. 106 -680 

„ 76 H -460 M 


Bee DiaixiMO. 



692 HOBDANTS USED FOB OTEIKQ COTTOB 

IMlASras* There hue been much dieotiMion m to the origin of moluM It 
b geaesally thonght to be due to non-cryetalline or^mio bodies, gams estraetiv^ and 
the like. Gkxne , howevef, have thonght it to be proauced by the presence of mineral 
salts in the saccharine juice. M. Amthok, in Dr. QuasNnviLui's Juotnimr SdieiUi/tgue, 
a^mpte to show tliat chloride of calcium added in small quantities deereases the 
yield of molasses. He states, however, that if added in large quantities it prevents 
altogether the crystallisation of sugar, and the whole mass becomes molasses. If this 
is confirmed, it would appear that molasses is due to the presence of any body which 
will prevent the crystalline formation. 

KOliTBBO-JLXSBVATB OT UAB. See Achbuxatitb. 

MOWAS BBOnzOZOSA. A spherical bacterium which infects eatables and 
gives them a red colour. It is carried from place to placo by insects, and its spores 
are conveyed by the air. When seen under a microecope with a magnifying power of 
1,000 diameters it appears to consist of round bodies filled with a red substance and 
swimming in a red fluid. ' 

This colouring-matter dyes cotton and linen pink, and wool blood-red. The colour 
cannot be washra out, but it fhdes in sunlight. 

The colouring-matter of moniu prodwiosa is insoluble in water or ether, but it 
dissolves in alcohol with a blood-rM colour. The difference between this dyo and 
aniline is shown in the following table : — 


AniUiu Rfd^ ft weak solution Colonring-matter of Ifonai 

of Fueht^ Prodif/ioM 


tr 

Hydrochloric acid * Violet, decolorised by ex- Pink, unaltered by excess, 

cess. 

Sulphuric acid . • Violet, blue with more acid, Pink, violet with excess, 

faint yellow with large 
excees. 

Nitrio acid . . Ko change, with excess first Pink, dirty yellow with 

dirty violet, then dull large excess, 
neen. 

Potash or ammonia . Colour fades, is not restored Pure yellow — unnltered on 

on addition of acid. heating — on addition of 

acid pink colour is re- 
stored. 

Carbonate of potash . Colour fades . . . Yellow. 

Carbonate of ammo- No change .... No change, 
nium. 

Chloride of tin * Violet . • • * No change at first, but gra- 

dually bleached. 


The colouring-matter may be obtained tolerably pure by slowly evaporating the 
alcoholic eolation of mtmn frodAgiow and dissolving the deposit in petroleum, whidi 
leaves a bro wn tarr y resid ue. Oa evaporation in petroleum the dye le obtain^ 

MEOVBVr TBUZT TBBB. 8 m Baobab. 

MOBOAOBTTBAUBAmZB. C^^H^OHO.CO.CH’O, 1 
Mystsllises in golden yellow scales. I 

MmrOAMZBOAirTBBAQinarOW. C'*SV (NH«) O*. > See Auxabix. 
agmrOBBOIKABTXBAqVZVOB. Br (0«). I 

■govovznMjrnBAqvzBrow. C‘<H’(N0*)0« | 
MOWOSUJbraOAXrTBBAOBBZO AOm. C'*H*80'^ For descriptioii of 
these and other produets of alisarin, see Anthraem, by Aubbbaob, trandated by 
Cboous. 

MOBBAWM WBB BOB BTBZBa OOTTOW. The mordants most 
genemlly used Ibr ^eing ootton aniline blue are as follows For diphengiannto 
blues, the snlpho-ooi^iigatw salt of the blue beiim a calde or barytle compound, it is 
snJftoient to mordant the cotton in a solution of tannin at 8 per cent, and to pass 
directly into a solution of alum neutralised with carbonate of codii, then dye directly 
in the aqueous solution of the blue ; brighten, wring and dry. For alkaline bines, or 
which the sulpho-coigagated salts are generally spdio gr ammonio componndi, we 
take lUtawiee an aqueous solution of tannin containing 3 per cent, of the weight of 
Hw cotton; Jcecn at a boil for a qnarter of an hour, wring and dry. Then pirns ths 
cotton into a bath containing kilograms alum, 260 grams tartar enwtio, 760 
grams soda crystals, and 260 gmms tartaric acid. These ingredients am dis- 
solved separately, and finally the colour is added. The bath is Mted from 66^ to 
70^1 the cotton is entered and worked while the temperature is allowed to sink. Tho 
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W3i Btffm eontiniioiialyi man moidant bttng added aa baeoniM emhauated. Heary 
.Aadea ate dyed ilnt, then mediume, and then pale diadea. To dye cotton witn 
aal&anin and bright green, the cotton ia firat pMaed into a aolution of bichloride or 
onymtiriete of tin, marking 2^, wrung, paaaed into a tannin bath, wrung, and then 
paaaed into the dye-beck. Cotton may alao be mordanted in a aolution of nitrate 
ofuiea (2 grama per litre of water) at a boil, wrung, and paaaed into a aolution 
of biphoaphate of lime at 6 grama Mr litre of water, wrung, and entered in the 
colour bath. In this manner ^moat all the aniline colours give very bright colours. 
— ChemAoal News, toI. zxzii. No. 816, p. 30. 

Mvomw. A preparation so called is sold as a grease for wool It is com- 
posed of about 20 lb. avoirdupois of fatty acids, the same quantity of potash soap, 
about 11 lb. of glycerine at 28**, about 160 grains of sulphate of sine, and about 66 
pints of water. The &tty acids are mixed with the glycerine, and the soap added. 
The mixture is diluted with 17 pints of water at 80**, in which 160 grains of sulphate 
of zinc have been dissolved. The water is added with constant stirring.— Diwo. Pofyt. 
Jour., cczvi. 

MUllTli MBTAA. (See Biuss, vol. i. pp. 460-471 ; also vol. iii. p. 874.) 
Comparatively few of those who neither make nor deal in it. are aware of the great 
utility of this metal in the arts. So extensively, is it used that it has almost com- 
pletely superseded copper for sheathing for ships, partly on ac^nt of its being cheaper 
to manufacture, and partly owing to the circumstance its being better adapts for the 
purpose. The reason for the manufacture being less costly than that of oo])per, is 
that a large proportion of zinc is retained. It answers the puiMse of sheathing for 
marine vessels so well because the zinc in the alloy corrodes entirely over the 
surface, and prevents barnacles, &c., from attaching themselves to the bottom of the 
ship. The composition of this metal varies considerably in proportions, but generally 
it consists of about 60 parts of copper to 40 parts of zinc, has a p^e yellow colour 
and is very malleable, with a fracture somewhat granular. Sometimes a little lead 
is added to the alloy ; it is, therefore, a kind of brass. Mumtz registered his 8rst 
patent in 1832, when ho stated the following composition : 66 per cent, of copper, 
43*26 zinc, and 8*76 lead. 

The following is a brief description of the process of its manufacture ; — A furnace 
(reverberatory) is charged with copper and zinc, which, when melted, is run into a 
pit lined with flre-clay. A sample is then taken of the smelted alloy by means of 
a small iron ladle ; the sample is poured into a mould so as to produce a l>ar, which is 
immediately passed through a pair of huge rollers, and thereby flattened into a sheet ; 
if this sheet will admit of being bent double three times successively, and the frocturo 
and appearances are satisfactoiy, the alloy is considered to be all right, and the other 
stages of its manufacture are pursued. But should the sample not admit of being 
bent three times, and in doing so should break into two pa^, more scrap zinc ia 
added to the alloy, which is afterwards well stirred. The desired malleability is ob- 
tained by simply adding more zinc, and when this is completed the molten metal is 
ladled into iron receptades about 14 inches square and 8 inches deep, which ore fixed 
on wheels. The ing^ are afterwards heated to a red bbat and rolhd into sheets by 
means of large rollers. Unless the rolling is done while the metal is nearly at a red 
heat, it cracks and splits, and would, therefore, be useless for sheathing. In adding 
metallic zinc to the alloy while at its hottest point, dense fumes are given off, whicii 
are oxide of zinc. The metal zinc is volatilised at a much lower temperature than 
the fusing point of the alloy, and it is owing to this circumstance t^t much zinc is 
eometimes loet in making this metal. On the other hand, it shonld not be forgotten 
that the aflftnity of the two metals for each other is great. 

The yellow metal sheathing, as it is sometimes culled, is next pickled in dilute 
sulphunc acid, eo as to liberate any attached particles, as well as to clean the face of 
the metal. In connection with the pickling trough, which is lined with sheet lead, 
are a pair of circular scrubbing brashes, upon which falls a stream of water. The 
sheet of metal, after it has been pickled long enough, is passed through these scnibbing 
rollen, and thie impa^ a kind of polish to the surface : it is then placed on a drying 
floor of cast iron, which is heated by a fire underneath. All that now remains to bo 
done to render the erticle fit for the market is to square the sheathing by clipping off 
the uneven edges. 

Nails are also made of this metal, and this branch of manufacture is interesting. 
About 10 per cent, of tin is added to the alloy to give the nails hardness. They are 
oast in moulds.^ The good nails are put into a circular box, which is caused to 
revolve yery xapidly by machinery, and this operation cleanses the nails mbbhw 
one against the other within the box. They are afterwards selected by bays ana" 
girlsi an^^aeked np into bags. 



m MUST, COMPOSITION OF 


innUHBAli. When mwrexid i« boiled with esnetio alkali till the pnxple ooloan 
ie ohanged to yrilow, a precipitate of mwvxan is easily obtained by adding an eaoess 
of add. 

Mnrexan differs ftom nramil in its crystalline form, in its yellow colour, and in its 
precipitation by acids from an alkaline solution. 

The analyses of J. Bboch — compared with the numbers calculated from the fozinnlss 
G*H*N*0* — were the following : — 

Carbon 88 ‘8 


Hydrogen 4*6 

nitrogen 28*0 

Oxygen . 84*2 

J. Bboch, Chemioal News, zxxii* 


innuULTlir. A glucosido foiind in the flowers of Mum^a exotiea. Dr. Db 
Vmis gives its composition It melts at 170°, and gives with chloride of 

iron a bluish-green colour. — E. HovFMaKN, J)eut Ckem. Oes. Ber., ix. 

MUBA raux belongs to the frmily Musaoea. It grows on the hills in the 
islands of Tahiti. Several species are known, the plantain and the banana especially. 

The young trees ^eld a juice — coloured, svrupy, and adhesive. It is neutral to 
test-paper, and exhibits, in thin layers, a red colonr, in thick layers a violet colour. 
In well-fllied closed bottles it may be kept for months without alteration, except that 
after a long time a violet glutinous substance separates, exactly resembling caout 
chouc. The solution, separated from the caoutchou^ is miscible in all proportions 
with alcohol, and then shows a most intense coloration. The filtrate e^porated to 
diyness yiel^ a blue powder, which, treated with alum solution, forms'^ dark blue 
lake. 

The solution of this gives with cotton mordanted with alum a faint violet inclined 
to grey, but when mordanted with solution of tin, a veir splendid violet is obtained. 
When iron is used a full dark brown is produced. With silk mordanted with tin, a 
bright grey shade is the resalt.-^B. C. Mbobbstapt *. Dimql. Bolyt. Jour,, ocxix. Bee 
the Treasury of Botany. 

WKUMOJkMIMJk, The poisonous principle of some of the fungi is bo called. See 
Hushbooms, Poisonous. 

MimmOOMB, VOXSOWOVS. Prof. Schiff, of Florence, has demonstrated 
that the non-edible mushrooms have a common poison, muscarim, and that its ofTccts 
are counteracted either by atropine or daturine. Italian apothecaries now koop these 
alkaloids in the rural districts where the consumption of the non-edible fungi is apt 
to occur. The hint is worth taking in England, where deaths from eating unwhole- 
some fungi are by no means unfrequent. — Unitary Reoord* 

MVBT, OOMVOBXTXOV 07. A white grape ksiown in Sicily as * Aramont ’ 
was used for an investigation by Cossa-Fbchj^ and Pobbo, of which the results are 
shown in the following table : — 


In 1,000 nut. b7Wd(ht O»«»(l»-48gt.^to^,000o.o.a«-MIO<niMo ' 


Onpes 



Jnly 96 . 
AugnitS 
AngnitlS 
August 33 
Septcmlwrl 
Beptember 10 
Bept«nber90 
asptamberao 




OoBSA remarks The above numbers show that the quantity of sugar, and of the 
extractives of the investigated must, increased till Beptember 20, from which date, they 
decreased ; while the nitrogen increased from this date, after it had continually de- 
e^;eaaed from July 26 to September 20. The acid present showed aoonstant deeieasa. 

InroauMAifM’s CentraM.fik AgrtkuUiie^Chemie, 1876. 

* At ir-6 dnwltr. * At 18» S denriiv. 

* At Sl**3 dBBSltj . • At av denrity . 



















NIOKEL 


N 

MhMO* The name given in the Philippine lelande to the fibre obtained from the 
Nauelea aoahia, a variety of the planta prodnoing gambier or terra japonica. 

WAVOUV or WOV AUHT- A new colonr recently introduced into the market. 
It is of uncertain composition ; some aamples are said to consist of Eoain, and others 
of a cochineal compound. 

VAVBTSA&nrai OO&OITB. M. Baixo, in the GoMgetta Chimiea Italiano^ 
anno v. for 1876, says that on heating naphthylamin and bromide of naphthalin, 
there is product a liquid mass of a diurk r^ b^ transmitted light, which, if evapo- 
rated with ether, leaves a blue powder soluble in alcohol, with a flue violet colour, 
which is the hy^biomate of a ^e precipitated by ammonia in blue flocks. 

VAFBTBT&AMUrB VXO&flT. This colouring matter is prepared for 
calico printing by boiling together 466 grams of starch, 1*1 litre of water, and 1 18 
grams of ^ naphthylamine (vol. in. p. 403), dissolved in 1*6 litre of water and 70 
grams of hydrochloric acid of sp. gr. 1*12, and adding to the liquid, after standing and 
cooling, 13*6 grams of chlorite of potassium dissolved in 0*8 litre of water. 

This colour does not appear to be the final product of a chemical process, but 
merely a transition stage.— Watts’s Lvcticmary of Cksmxatry. 

The printed goods are hung for three days in the oxidising room, then drawn 
through a soda-bath and finally through a soap-bath, whereby their grey colour is 
developed into a pure violet and lake. — A. Kibliiatru : Dnrai.. Polyt. Jour.^ cxcvi. 

arAW. An iron wood of great durability much used by the natives of O^lon. 

ITBVT OZA. A shale of a bituminoiui character *. yields a mineral oil. It is 
chiefly derived from Hungary and the Caspian Sea. Said to give 68 per cent, of 
distillate, consisting of 60 per cent, of crude parafiBn, and 8 per cent, of oil. 

WBOOnr. A name given to an alloy resembling silver. Divoum's Polyteehnia 
Journal gives the following as its composition : — 


Copper . 
Zinc 
Nickel . 
Tin 

Aluminium 

Bismuth 


68 0 per cent 
270 „ 

12*0 „ 

2*0 „ 


These ingredients are melted and stirred together. The addition of aluminium and 
bismuth confers a silveiy wliiteness to the mloy, but it gives at the same time a 
peculiar appearance, and it prevents the loss of polish. 

vaPSAUra. One of the igneous rocks; cogsists 'entirely of silicate and 
alumina. See JjAva (vol. iii. p. 46). 

VZOXaiN (Vol. iii p. 413.) As we have stated in the previous article, the 
chief source of nickel has hitherto been the Kupfemiokel or false copper, so called on 
account of its colour. This ore varies in its composition, containing from 33 to 65 
per cent, of nickel, and from 83 to 40 per cent, of nickel, with some cobalt, antimony, 
sulphur, & 0 . 

The other nickel minerals of value are oloanthite or white nickel, an arsenide of 
nickel; annabei^iti or nickel bloom; milUrUe, sulphide of nickeL now found in 
Lancaster, Fu., u.B. 

The less important nickel minerals are breithauptite, nickel glance, ullmanite, 
emeraM nickel, pyromelin, grunanite, pimelite, gwnierite, and noumeite. 

An impoitanb source of nickel is speiss (vol. lii. p. 418). This usually occurs as a 
deposit formed in the pots in which roasted arsenide of cobalt, mixed with copper 
nidtel, is fused with carbonate of potassium and quarta, fbr the preparation of smalt 
in the blue colour works. It collects below the blue glass in the form of a metalUo 
alloy, the nickel not oxidising so easily in roasting as ue cobalt. 

A remarkable ore of nidcJ, a silicate, has been discovered in New Caledonia. 

M. Jtjlrs Cabhibb, in an exploring expedition undertaken under the auspices of 
the French Government, discovered ue nickel mines of New Caledonia. Although 
these mines have been known since 1864, attention has only recently been directed 
to them. 

These nickri dejposits are found in the serpontine and other rocks, coating them 
udth a green coating of silicate of alumina mokol, and magnesia. The oompo^ioii 
of theore is-> 


OQ> 
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NICKEL 


Gangue .... 



. 89*40 

8*00 

Silica .... 



. 28*60 

41*00 

Alumina and ferric oxide . 



. 0 60 

0*60 

Oxide of nickel . 



. 12*60 

1000 

Magnesia .... 



. 11*40 

16*30 

Lime .... 



. traces 



Water .... 



. 7-60 

20*00 




09*00 

90*90 


Thil new ore, although its green colour is rerj characteristic, has been confounded 
with carbonate of copper. It has been named GABMuarra after its discoverer . — Let 
Monies, February 10, 1876. 

The following description by M. HidraxsAu is the best account given of this ore : — 

*IHseovery of a Vein of Nickel in Mount tTOr, Now Cah^nia.—jLt the end of the 
year 1874, mere was discovered in New Caledonia a well-defined and regular vein of 
tilioate of nickel, capable of being worked. The vein runs in a south-easterly direo- 
tion from Mount d’Or along the right bank of a little river known by the name of 
the river Mb^. This watercourse fiows into the little bay of Plum, which is itself 
part of the bay of Mu4a. It descends from north to south at the bottom of a little 
marshy valley, which is bounded on the west by the chain of the Little and the Great 
Mount d’Or, on the east by the Ouaghi, on the north by a chain of the spurs of the 
Great Mount d’Or, and on the other aide is the valley of La Coul4e. 

* All this region is exclusively formed of serpentine rocks, spongy silexy^and piles 
of ferm^nous jaspery clay and cavernous hydroxide of iron: on the same level 
there exists on &e side of the Little Mount d’Or a mass of ohromous iron ore. There 
are also some porphyritic rocks with large crystals of diallage found in the dibris cover 
ing the soil, but it is not known how these occur in the serpentine. The silicate of 
nickel is very abunduit in the serpentine rocks and in the porphyritic rocks in the 
form of little veins, or in the joints of the rocks. These masses of magnesian clay 
coloured by nickel are very brilliant and of a beautiful emerald green when fireshly 
broken, but rapidly discolour and fall into dust when exposed to the atmosphere. 

' The structure of the vein is brecchia ; it is imbedded in silicate of nickel mixed 
with magnesian clay which has been injected into the middle of the serpentine. It is 
a compact, polishw serpentine of a brown colour. The barren parts, which are 
formed of serpentine embedded in the vein, represent a little more than half the 
whole mass. 

* About ten metres to the north, a second vein appears, parallel to the first. It is 
composed of a silicious rock, the cavities of which contain silicate of nickel. 

* The prolongation of these nickeliferous veins has been found at a distance of 600 
mitres on the other side of the valley on the left bank of the river Mbia. There is 
also found in the same place in contact with the brown serpentine dotted with 
diallage, a rock formed of layers of talc, and in this rock pat^es of oarbonifeious 
copper. 

* Niewni. Analysis and Industrial Value of the Mineral , — From these observations, 
although very imperfect, it will be seen that the silicate of nii^el occurs in the 
se^entine in a regular vein, running from east to west, that is to sayj^rallel to the 
veins of euphotide of the bay of the Sud and of the isle of Ouen. The fllling-in of 
this vein is formed partly of serrontine and nartly of greenish silicate of nickel, 
imbedded in the white magnesian clay. The following is the analyses of some of the 
specimens that were analysed at the Ecole des Mines : — 


Qnartflose gangue 8*00 

Silica 41*00 

Alumina 0*60 

Protoxide of nickel 19*00 

(Gorreeponding to metallic nickel) .... 14*96 

Iffngneito 16*30 

Lime . traces 

Water 20*00 


09*90 

* It is» then, a hvdiosilioate of nickel and of magnesia, containing nearly 16jparts in 
100 ef Bwtallio nickd. Of course the specimens analysed had been chosen with carsk 
but admitting that the mhieral taken from the mine contained only 7 or 8 parts in 100( 
it would still be a valuable product. 
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* Nibkel if now jwy moeb used. It if employed in the eoining of money and to 
farioQf other puipoeefi more eepecielly in eurgioal inetrumente for the portf of 
oertain mechinery. 

.* Tbffoonditionf of mining in the valley of Mbte are of a veiy foTourable deecription. 
It if eaey to Uy a tramway from the eeat of mining to the hay of Plum, where ehipe 
of email tonnage can find a good anchorage near the land. From the bay of Plum to 
Noumea, Che diftance by aea if about 10 milee. Af regarde the foture of the mining 
for nickel, the only point to be cleared up if, what becomea of the nickeliferoue vein 
aa the mine increases in depth. It is pronable that the hydrosilicate of nickel is only 
a product of the surface, aud that at a certain distance from the outcrop it would be 
replaced by the arsenical sulphides that constitute the ordinary minerals of nickel. 
However, these arsenical sulphides are generally associated with cobalt, of which 
there is no trace in the miner^s of New Caledonia. There are indications of copper 
on the line of the nickeliferoue vein ; it is therefore possible that at a certain depth 
the nickel is associated with copper. Hence the discovery of the nickel of which we 
are roeaking. There have been many discoveries of nickel in other parts of New 
Oale^nia, Australia, and France, but there will not be much done in working it till 
it has been ascertained to what depth the veins of nickel go. 

* On December 31, 1876, the mines of New Caledonia were as follows : — 



’ District of Psiita . 

Number 

of 

Oonosmloiis 
. 4 

Bxtent of 
OoDoeoBioiia. 
Heotsras 
1,00000 

Concessions sought for • . < 

„ Mount d’Or . 

. 7 

1,228-84 

„ Kanala . 

. 16 

2,680-00 


District of Pai'ta . . 

. 4 

66*96 

Concession acquired by possession < 

., Mount d’Or . 

. 6 

60*00 


[ „ Kanala . 

. 88 

647*20 


[ District of Paita . 

. 2 

69-00 

Permission to search • . 

„ Kanala . 

. 11 

880*00 


[ Sundry sets . 

. 2 

182 00 


Total . 

. 86 

6,662*60 


— JRapport a M.U Mmiatre de la Mari/ne sf dss CoUmiu sur la oonatiMion aSolcgigme 
et lea riaheuea miniralea de la NouvelU Calidoniet par M. EioLa Hnunman, ing6nieur 
dee Mines. 

The importance of the discovery of this metal in New Caledonia, is shown by the 
following extract from a paper published in that colony Nickel has now so much 
importance in our colony, that we intend to give an article on it every month, so as to 
keep our fellow-colonists informed of the value of their produce in the markets of 
Europe, and, m the second place, to give really true accounts of the quantities 
exported, the number and value of our mines, and the kind of people we are. After 
doubting for a long time the reality of discoveries diade near the end of 1874 at 
Mount d'Or, about eighteen and a half miles from Noumea, our people at length began 
to explore for nickel with great seal and activity. The presence of ore was proved at 
a lar^ number of places in our island, and people began to believe tliat mines might 
be opened anywhere and everywhere, and that we were about to enter on a period of 
unlimited pr^uction. Fears were entertained of a deficiency of ships to take the ore 
away, and it was imagined that Europe and America together woula hardly consume 
all ttiat was going to be raised. But these dreams and exaggerations were soon over, 
and the present position of afiRiirs is that the total amount exported in the course of 
the put fourteen months — i.e. from the date of the earliest extraction to the present 
day, is 2,000 tons. The Boa Kaine mines send away from Canada to Germany 
every month about 126 tons ; the Bel-Air mines at Ouaillon have raised 1,200 tons, 
of which 160 tons were unt to London at the beginning of 1876. In April, 1676, 
660 tons were tiiiipped for Havre per the Bujfbn^ ana in lllUy 480 tons by the Nouveau- 
MondalU, The remaining mines, all told, including the Fatma mine, have not sent 
away more than an aggregate of 100 tons.’ 

ifiokel ia In the province of Malaga a mineral hu been discovered in 

which nickel occurs in the form of a silicate, u in the ore met with in New Caledonia. 
The mineral contains about 9 per cent, of nickel and no cobalt— M. MnssoinniB, 
Cempfos Btudua, Ixxxiii. p. 30. 

MeiaUurm of, — Of the metallurgy of nidcel little is known, althongh it 
IS difficult to see wny those who have a monopoly of the ore need fear eompetmon. 
l?ri>f. 0. SfiimnL has, however, published some interesting facts in regard to tbq 
method used in the metallurgy of nickel, from which we glean the foUowing 



m NICKEL 

* The pfepenUioD of metallio nickel ana cobalt Is sometimes conducted in the di7 
ve/t hj collecting and concentrating the nickel, cobalt, and cupper in on arsenical or 
sulphur compound {speiae), while at the same time the iron in the ores is remored by 
scxraeatioti ; the cobalt is afterwards fluxed with pure quarts sand, and the prot- 
Oixide of cob^t precipitated, from the silicate of cobalt thus formed, by fhsion with 
excess of carbonate of soda ; the sulphur or arsenic is expelled from the spsess, which 
has had the cobalt removed by roasting and heating with soda and s^tpetre, and 
Anally reduced with carbon. It is more frequently obtained in the wet way, by dis- 
solving the liiokel and cobalt ores in acids and separating the dissolved metals ; but 
the greater part of the iron should first be removod and the nickel and cobalt concen- 
trate before dissolving. In the dry method the flrst step is also to get rid of the 
iron in Uie ore or epeise. The complete separation of iron from arsenical componnds 
of nickel and cobalt is not very difficult, for iron has much less affinity fur arsenic 
than cobalt or nickel ; but to separate jf, from the sulphides was, until recently, very 
difficult, if not impossible. The reason of this is that nickel and cobalt have nearly 
tlio same affinity for sulphur that iron has. This operation is now accomplished by 
smelting the raw ferruginous ore in u reverberatory furnace, with a mixture of two 
parts of fine barytes and one part quartz sand ; for 1 per cent, of iron, J 8 to 19 per 
ennt. of this flux is required. A fusible ferro-silicate of barium is formed and sul- 
]ihurouB acid driven out. In 1870 Dr. B. 'Waonrr proposed to make use of the 
oxidising action of the Chili saltpetre for removing the iron, sulphur, and arsenic. 
For arsenical products this methocl is inferior to the one generally employed —roast- 
ing the metallic arsenides after the iron has been removed, then heating with saltr 
petre and soda. Waonsr’b method may bo employed with advantage when it is 
desired to smelt a nickel or^ which has been freed from iron, with a metal from 
sulphur, provided it contains enough copper to prevent the resulting metal from being 
too infusible. 

‘ The mnnufaefure of njckel in the wet way varies with the material or source. The 
principal steps are the following: — (1) Dissolving the roasted products in hydro- 
chloric or sulphuric acids ; (2) precipitation of the iron means of lime or carbonate 
of lime or 8(^a, after oxidising, if necessary, with chlonne or chloride of lime; (3) 
precipitation of the copper with sulphurett^ hydrogen, or alkaline sulphides; (4) 
precipitation of the cobalt as sesquioxide by moans of chloride of lime ; (6) precipita- 
tion of the nickel as hydrated oxide or carbonate with milk of lime or carbonate of 
soda; (6) igniting this precipiPite so as to obtain anhydrous oxide of nickel, in- 
soluble in cfilute acids ; leaching out the excess of lime and gypsum from the 
ignited oxide of nickel; (8) reduction of the pure oxide of nickel by ignition with 
eh-ircoal. 

‘In dissolving nickel ore care should be taken to prevent silica going into the nickel 
solution, for on neutralising the previouslj^ acid solution ail the silica is precipitated 
in the form of silicate of nickel. Sometimes in analyses a small quantity of silicic 
acid runs through all the operations, and there is no simpler method of removing it 
entirely at the start than by adding to the neutral solution some neutral nickel salt. 

* Some important improvements in the treatment of ores of nickel, so as tc obtain 
therefrom nickel, or alloys of nickel, and in the treatment of alloys of nickel so as to 
obtain nickel therefrom, or to purify them from o^'ectionable impurities, have been 
patented by Sir J. Mason and Mr. A. Faukbs, of Birmingham. The invention oon- 
sists in reducing oxidised ores of nickel by means of granulated copper or precipi- 
tated copper, or native copper in a grfmuLur state, in oorjunction with fluxes and 
carbon, so as to obtain an alloy of nickel and copper, which alloy may be reflned 
either by the wet way or bv the method patented by Mr. Pakxes in Febmaiy 1876. 
The patentees fuse 1 ton of the finely ground oxidised nickel ore, such as that im- 
ported from New Caledonia, with from 1 cwt. to 2 cwt. of native granular copper, or 
with from 1 cwt. to 8 cwt. of pr^ipitated copper, together with a flux of about 2 cwt. 
of fluorspar, or 1 cwt of ciyolite, and 2 cwt. of anthracite coal or other kind of 
carbon, 

' Another part of their invention consists in a peculiar treatment of sulphide of 
nickel, by preference that obtained from New CalMonian ores. In order to obtain 
the said sulphide they fuse the ore with fluorspar and carboB, together with native or 
artificial sulphide of nickel, or sulphides of copper, lead, or iron. The fusion ma^y be 
effected in blast-ftirnaoes, reverberator or other frirnaoes, or in cruciblee or vsms 
heated in fhmacee. The sulphide obtained by treating New Caledonian nickel ores in 
the way last described may be calcined, and the product dissolved in hydrochloric 
acid or other solvent, and the nickel sejwated from the solution in the usual nuMiusr. 
This part of As invention is eepeciaUy applicable to the treatment of poor nickel 
ores containing up to 4 or 6 per cent, of nickel. To 1 ton of the ore Uiey emplciy 
from 1 ewt. to 8 cwt. of fluorspar or cryolite, and sulphate of lime or sulphate m 
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terytH, and from 1 to 2 ewt of antlineita coal or other kind of earboo. The ftidM 
may be effected in blMt*fnmaeee, reverberatory or other fhrnaoee, with the addition 
of 2 cwu of ndphide of nickel or sulphide of oopi>er, or mixtures of these sulphides. 

, ' They-*alBO propose to produce an alloy of nickel and .copper ftom sulpnur com- 
pounds of nioikel, preferring that obtained by fhsing oxidised ores with sulphur by 
fhsing them with oxide of copper, an alloy being thereby produced composed essen- 
tially of nickel and copper, with regard to this part of the invention, they state 
that to 1 ton of sulphide of nickel, ]veferenee that obtained in the way described, 
they add from 2 to 4 cwt. of natural or artificial oxide of copper, or compounds of the 
oxide, such as malachite, together with a flux composed of 1 cwt. of fluorspar, | cwt. 
of silica, ^ cwt. of cryolite, and 1 cwt. of anthracite or other kind of can>on. The 
alloy BO obtained may be refined in the usual manner, if not sufficiently free from 
impurities to be used in the manufacture of German silver, or the alloy may be refined 
by the method patented by Mr. Parkbs. 

* In treating New Caledonian nickel ores or other oxidised ores of nickel, they fuse or 
heat to incipient fusion 1 ton of N^w Caledonian nickel ores, or other oxidised im- 
pounds of nickel, mixed with 2 cwt. of chloride of sodium or chloride of calcium, 
chloride of barium or chloride of sine, and by grinding the Bemi-fbsed mass and 
treating it with water, the water being kept in a state of agitation, the greater part of 
the iron contained in the ore passes off with the water, principally in the form of 
oxide In conducting this process it is necesHary to maintain the materials in fusion 
( 1 - in n state of incipient fusion from one to five hours. They calcine nickel sulphurets 
or arseniurets to free them from sulphur or arsenic, and afterwards convert rae cal- 
cined nickel compound into a soluble chloride by calcining or roasting 1 ton of the 
c^iilcinod sulphurct or arsoniurot with 2 or 8 cwt. of chloride of sodium. They niter- 
wards dissolve out the soluble chloride of nickol with water, or with water charged 
with chlorine, so long as nickol is dissolvod. Or the calcined sulphuret or arseniuret 
of nickel may bo fused with 2 cwt. or more of bisulphate of potash (sal enixum) or 
otlier substance capable of yielding sulphuric ecid, and forming sulphate of nickel, 
which may be dissolved out with water. The nickol may be obtained from the 
chloride or sulphate by the ordinary methods, or it may be reduced to a metallie 
state by electricity or magnotic currents, first adding ammonia or muriate of ammonia 
to the solution. 

‘ In refining nickel alloyed with copper and other metallic impurities, they employ 
atmospheric air under pessure, hydrocarbon gas, or oxygen, hydrogen, chlorine, or a 
mixture of oxygen and nvdrogen directed through tubes or jets, and with considerable 
pressure upon the melted surface of the alloy. Or the gnseous current may be forced 
up through the melted alloy, melted in a highly-heat^ vessel of the kira used in 
converting iron into steel, and commonly eallM a converter. The gaseous current is 
passed through the melted alloy till it is considered sufficiently free from iron, sul- 
phur, and other impurities. This is ascertained by testing from time to time; or the 
nickel alloy may be purified by the use of chloride of lend, chloride of sine, chloride of 
copper, or chloride of barium. In this case, to 1 ton of the alloy melted in a reverbe- 
rate frrnace or on a cupel of bone ash, they add fronf 20 to 60 lb. of either of the 
above-named chlorides. They agitate the melted metal and incorporate the materials 
by rolling, rabbling, or agitating with a pole of green wood. This treatment may be 
repeated after skimming each time until it is ascertained that the metal or alloy is 
sufficiently refined, when it is tapped out into water to granulate it.’ 

To prepare pure nickel from the nickel of commerce, M. A. Thrbeil dissolves com- 
mercial nickel in 7 parts of aqua regia, evaporates almost to dryness, redissolves in 
water, separating the insoluble matter by filtration, precipitates the copper with 
metallic iron, transforms the metals into sulphates, and lastly precipitates the iron 
with earbonnte of baxyta, and exystoUisee the sulphate of nickel. — Moniieur Sdwitu 
ftgut dn Dr. Qorrkbvillr, 1876. 

NioM in th» G. Tise42a>TiiB found that particles separated by the 

magnet from the ledlimeDt of rain water, and from dust falling directly from the 
air, eontained nickel. M. Tissakdirb believes these particles to be mafsonc.— 
Comvtu Bendas, Ixxxiii. p. 76. 

SroiLBk, who some time since published a process for plating 
iron and steel with nickel, has recently introduced the fbllowing as an improvement 
on his original plan : — 

* To a dilute solution (5 to 10 per cent.) of as pure chloride of sine a« possible, there 
it added enough snlphate of nickel to colour it itxwngly green. Thie ie heated to 
ebullition in a poroewn veeul. The snrfkce of the metal being completely cleaned 
of grease, the artidbs are then suspended in the liquid so that they touch each othev 
•a little os may bt ; and the boiling is kept up for from half an hour to an honr^ 
water being from time to time added in place of that evaporated. The niekal 
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«ipitftt6d In irt>rilliaot white layer wherever the eurfaee of the object ie not graaiy or 
rusty. The operation can be eontinned for several honia if desiiira ; but the plating 
will not thus be rendered much thicker. After removing the objects, they are 
washed with water holding chalk in suspension, and carenilly dried. They may 
afterwards be cleaned with chalk, and they take a fine yellowish-toned polish. The 
chbride of sine used should contain no motd precipitable by iron. When it cannot be 
obtained of sufficient purity, it may be made by dissolring sine semps in hydro- 
chloric acid, and allowing the solution, containing an excess of metallic ainc, to rest, 
in order that the metals precipitable by the sine may separate. Filter at the end of 
24 hours, and the solution is ready for use ; each portion of zinc dissolved corre- 
sponds to about 2'1 parts of chloride of zinc. The sulphate of nickel should be pure, 
and the cold solution should not precipitate when a plate of iron is plunged in it. 
When during the operation the liquor becomes a pale green, owing to the precipita- 
tion of nickel, more sulphate must be ^ded, until a dark green is regained.’ 

M. DucHBiffiM has found that nickel deposited by electricity on the magnets of 
compasses preserves them from oxidation. He deposited in this way a layer of 
nickel on several rings of one of his circular compasses, keeping two concentric 
circles free from the operation. This compass was put on board a vessel which want 
round the world. The rings covered with nickel preserved their polish, but the others 
were completely rusty. The magnetic power of the nickelised rings h^ been exerted 
with difficulty, no doubt on account of the magnetic property of the nickel. — Cimptes 
Bendua de FAcadimie d^a Sniencea, November 16, 1876. 

M. SaiNT'Eniirtg has used with much advantage a simple rod of iron, coated with 
nickel, for lightning conductors. 

The salts of nickel employed in the electro deposit of that metal are pmp^ired from 
commercial nickel, which is an alloy of nickel, copper, and iron, with traces of 
arsenic, containing from 40 to 00 per cent, of actual nickel. M. Tbbbkil first dis- 
solves the crude nickel in acids, then precipitates the copper by iron, peroxidation of 
the iron, and conversion of the metals into sulphates, precipitation of the iron by 
carbonate of baryta, and crystallisation of the sulphate of nickel. The nickel is first 
dissolved in seven or eight times its weight of atjua regia. The solution is evaporated 
almost to dryness, the residue is redissolved in water, using about five times the 
weight of the nickel employed. A little arseniate of iron remains insoluble, and is 
removed by filtration. Metallic iron, preferably small nails, is iutroduced into the 
hot liquid to about the weight of the nickel employed. It is stirred from time to time 
to detach the copper from the iron. As soon as a piece of bright iron is no longer 
coated with copper when introduced into the liquid, the process is completed. The 
copper is then collected by sifting it under water in a sieve coarse enough to let the 
cojipeFy metallic powder pass, retaining the iron. This copper, when dried, is mar- 
ketable. 

The filtrate now contains merely nickel and iron. The latter is peroxidised, either 
by a current of chlorine or by treatment with nitric acid. 

Sulphuric acid at 60 B, is then added in the proportion of 2 parts to 1 of the nickel 
employed, and the whole is evaporated to dryness to expel nitric acid and hydro- 
chloric acid. The dry residue is redissolved in water, a part sometimes remaining 
insoluble, consisting of sub-sulphate of iron. From the solution the iron is thrown 
down by means of artificially precipitated carbonate of baryta. This carbonate 
separates the iron as sesquioxide, and forms at the same time insoluble sulphate of 
baryta, without acting on the sulphate of nickel. The last traces of arsenic are 
thrown down along with sesquioxide of iron. The precipitation is effected by gradually 
adding a slight excess of carbonate of baryta to the liquid, slightly heated, but not so 
as to exceed 60° to 60° Gent. It is complete when a further addition of carbonate 
occasions no effervescence, and does not b^me covered with a pellicle of iron. Pure 
sulphate of nickel then remains in solution. It is separated from the precipitate by 
filtration, and the filtrate is evaporated till a pelliole appears on the surfiioe, when it 
is set aside to o^stallise. — A New Treatment of Commeroud Nickel^ ao as to obtain a 
pure Sulphate of Nickei, without the uae of Sulphureited Hydrogen, by M. A. Tbbssil, 
BuXistin de la SooiHb CMmigue de Faria. 

iriTO* The name given to the fibre obtained from one of the species belonging 
to the genus ^godkm. The fibre is coarse, but has been employM for mats aim 
oordage. See teTiti Matibials. 

JflTU. Nitrate of Sodium. — This salt occurs native in very large quantities in 
South America, eroecially in the district of Atacama, in Peru, where it is found at 
foom 0*6 to 1*0 metre bdow the snrIlMe of the soiL The oommereial name for It in 
eaUoha {whieh aee), 

L’OuvncB states that the nitre beds are usually eovered with a harder saline 
depooH known as ooatra. He gives f heir composition as follows : — 



iriTfiB 


Ml 


Nitrate of soda • 
Sulphate of soda 
Chloride of sodium . 
Chloride of potassium 
Chloride of mngnesium 



Carl)onate of lime 


012 


itre 



Silica and ozido of iron 
Insoluble matter 



2‘80 800 
3'18 2010 


Some samples contain traces of iodide of sodium. 

It is calculated that the 131 establishments in Peru could produce 780,000 tons 
per annum, althouA;h the actual produce has never exceeded 800,000 tons. IVance 
receives not less than 60,000 tons annually. The imports of cubic nitre into this 
country in 1876 and in 1876 were — 



Native Nitre in Chili . — The report of the en^eer— Senor VAniLLX — who was sent 
to survey and measure off the claims applied for at the place called Oachinal de la 
Sierra, has been forwarded to the Minister of the Interior, and published in the 
Government Gazette, and gives h fuller account of the discoveries than has hitherto 
been made known. The deposits in question are three in number, situated to the 
south of the 26th parallel ; the first at a distance of about 10 miles to the south-east 
of the port of Paposo ; and the second and third in an extensive plain, calculated at 
18 miles in length by 18 or 20 in width, running from east to west, and distant from 
the same port about 66 miles, in a south-east direction. Sefior Vadilla examined ail 
the land in which prospecting had taken place, a large number of the holes haviitt 
been put down at different mstances, in all of which beds of nitrate were disoovei^ 
Under the sandy surface a stratum is found, which is in parts sulphate of soda of 
tolenible purity, and in others a mass composed of sulphates and of * caliche ' (see 
p. 180) mixed with the surface sand. Under this is situa^ the bed of nitrate, which 
18 from 40 to 60 inches in thickness. The deposits ore considered to be of great extent, 
being met with in all the holes sunk, and also wherever the earth has been remov^ to 




superficial area of 800 acres; the second, 020 acres; and the third, 2,717 acres; or 
a total of about 6,000 acres. To obtain a fair approximation as to the quality of 
caliche, samples were taken from various localities, mixed together, and analysed, the 
result being as follows : — 


Gofnmon result of the first deposit— lye . . 61 '6 per cent, 

.1 >1 sewnd „ „ . . 20*7 „ 

»i ft third „ „ . • 41'7 „ 


* ThsM lyes,' shys Sefior Vadula, * show the pure, anhydrous nitrate of soda con- 
tained in the caliche, and obtained, not from isolated aamplea but from a number 
taken cm the field its^, and with all the caro possible in suw a locality. I have not 
assayed separately any of the samples which composed the collective one, some of 
which I believe would give a lye of even 80 per cent., because I consider that what is 
neceesacy to be known is, that throughout the great extent of land comprising the 
nitrate deposits of Cachinal de la Sierra, the average quality is such, that it may con- 
stitute a new industry for the country. Considering the result of the analysis, I 
regard it aii satisfhctoiy, and have no doubt whiUtover that the same samples assayed 
on the spot would ahow a higher lye ; for when I arrived at Oopiapo th^ contained 
e lum quantity of water than they did at the deposits, which would natumUy 
diminish the lye of the nitrate; which ie nitrate of soda, oontaining seeroely tiaoee of 
potash. Thera can be no doubt entertained whatever of the existence of nitrate 
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d«i^tt in Chili, nnd nitmla of good quality.' With rospeet to the &eilitia8 of expor- 
tation, Sefior Vamixa recommende the nee of the Port of Taltal in preference to that 
of Papoeo, not only because of the difficulty of constructing a road to the latter place, 
but also because of the insecurity of the bay. 

WlT&IP-KAJiTHf BOTFriAV. Called in commerce Ubah. It contains about 
I'Ol per c ent, of nitrate of potash. 

WZntO-AUZAXZir. See Altearik (vol. i. p. 70). 'Fbbxuv obtained thfs 
compound from diacetylalisurin, (C*H"0*) O*, by the action of nitric add. 

BosBNSTiigHL gives the following method for its preparation: — Large flasks are 
coated internally with alizarin paste, which is allowed to dry, and they are then fllled 
with the fumes of hyponitroua acid. After a few minutes the flasks are rinsed out 
with water, and the insoluble part treated with soda. The soda salt of nitro-alizarin 
dissolves in pure water, but is very sparingly soluble in presence of excess of alkali. 
Nitro-aliearin is also obtained if we {lissolve alizarin in glacial acetic acid, and add 
nitrate of potassa. The nitro-oompound is ftirther obtain^ by treating alizarin dis- 
solved in alcohol with nitrous acid ; but in both these cases the yield is unsatisfactory, 
as a part of the alizarin is destroyed. Free nitro-alizarin crystallises from chloroform 
in orange rod scales with a green reflection. It is capable of sublimation, but a largo 
portion is destroyed. The compound which it forms with metallic oxides is more 
permanent than the corresponding alizarin derivatives. With iron mordants it gives 
a dark red violet, but with aluminous mordants a fine orange-red. 

‘On reduction this componnd yields, according to Pbiucin, amido-alizarin, but 
according to Rosbnstiehl it forms two colouring matters which have not been closely 
examined.’ — Anfhracen, by Auukbach, translated by W. Crookks. 

SrZTKO-CIXiTOUZjrB possesses a very remarkable power of rendfoting non- 
explosive substances violently explosive. lit for instance, charcoal and nitrate of 
potassium are mixed without sulphur, they form no explosive compound within the 
ordinary meaning of that term ; but if from 10 to 16 per cent, of nitro-^lycerino are 
added, a local explosion, produced by a strong detonator or by a fulminating cap, will 
cause the inert mixture to detonate with nearly the same rapidity as the nitro- 
glycerine itself. Nitrate of ammonium and charcoal, with or without sulphur, form a 
mixture so sluggish at the ordinaiy temperature, that when tried in a shell along with 
six ounces of gunpowder, the explosion of the latter failed to set it ofl', or even to 
inflame it ; yet mixed with 1 6 per cent, of nitro-glycerine it detonates with extra- 
ordinary violence. Sawdust, bark, rosin, starch, sugar, glucose, flour, dextrine, ram, 
dec., mixed with any nitrate, become, if a small portion of nitro-glycerine is added, 
most violent detonating fulminates. Nor is this all. Substances considered an 
absolutely incombustible will form explosives. For instance, chloride of ammonium, 
mixed with nitrate of potash and nitro-glycerine, will decompose explosively with 
formation of chloride of potassium, and the fireed hydrogen unites with the oxygen of 
the nitrate. Sulphates are very much more slugmsh, but, if very flnely divided and 
mixed with charcoal, they also indicate a decided reaction, although too slow to be 
completed in the extremely short time which an explosion occupies. Chlorate of 
potash mixed with nitro-glyaerine detonates even without the presence of charcoal or 
any other combustible. The number of oiganic compounds soluble or even insoluble 
in nitro-glycerine, which can thus be brought to decompose by detonation, is almost 
unlimited. 

This extraordinary influence which the presence of nitro-glycerine exercises on slow 
explosives, and even seemingly inert substances, is easily accounted for. 
liquid, it comes in very close contact with the mixtures, and when the 
ensues, the fine layer of nitro-glycerine which adheres to every grain is instantaneously 
converted into an extremely dense atmosphere of gas, having a temperatuie of at least 
3,000^ to 4,000° C. Such a ba^h must quicken even tbe„ slowest combustion.— 
Mr. Altbxd Nonm/s Lecture at the Society of Arts’ Rooms, May 21, 1876. 

M. BoTT»nB has communicated tp the Frankfort Physical Society a proosss for 
preparing nitro-glycerine for lecture experiments which is perfectly free from danger. 
A few grams of pure glycerine, free of water, is put into a •test tube, which is sur- 
rounded by a freeringmtxttire, and containing a mixture of 1 volume of the most con- 
centrated nitric acid (1‘62 sp. gr.), and 2 volumes of the stronMt sulphuric a^ (1*88 
sp. gr.). Then, as quickly as possible, the whole is pound into a largsr quantity of 
cold water. Ths nitro-^yeerine, which has formed like oil drops, sinks rapidly to the 
bottom, being ipeeifleimythe heavier liquid. It is then washed several times by 
decantation with fresh water, and, lastly, with a weak solution of soda, remove fh« 
water with a few pieces of fosed chloride of calcium. Then the nitro-glycerine is In 
fuoh purity that it may, without danger, be kept any length of time for leofurs 

axpe rimen ts. 

VZno-^OiTOUmra Jtra VWWtMMntL (See Nitro-GliczmiiXi vol. 
Ui. p. 422). Under Ezpuoszvx Ooupouitdi 8' table is given (p. 863) Aowlng the 
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powers of seTOsal agents which hare of late yean attracted aUention» and 
these are compered -with several varieties of ordini^ gnnpowder. 

Altekd Kobbl remarks on this table: * Those figures are condualve, and 
nitno-glyeetine therein appears so highlj[ superior to all other blasting agents as to 
make it almost a matter of regret that it cannot be used. But there are practical 
conditions in mining which considerably reduce the apparent useful affect in its 
favour, and place dynamite almost on an equality with the liquid explosive. This 
cannot be explained without entering into some deUile, fur which the importance of 
the matter will serve as excuse. 

‘ To get the full benefit of a blast, there should be no air-chamber round the chaxffe, 
for the expansion which it causes not only lessens the power in proportion to its dilu- 
tiou, but actually decreases the tension of the gas in a much greater measure. In the 
case of blasting-powder such air space cannot be avoided, in consequence of its influ- 
ence on the quickness of combustion. But with nitro-glycerine it seems as if its 
liquid state would specially favour the exclusion of nil empty space, and so it does 
when it can be poured direct into a blast-chamber. But apart from the impossibility 
of pouring a liquid into horizontal bore-holes, or such as incline upwards, experience 
has shown tliat there is very great danger connected with that practice under any 
circumstances. An almost imperceptible seam or fissure in the rock^«nd they are 
scarcely over abseut — will cause a past or the whole of the liquid charge to leak into 
the smallest cavities, and xemaui there until tlie miner, in drilling a new bore-hole, 
strikes it, or strikes the ruck in its proximity, -when it goes off, causing a fearful acoi- 
doiit. Hence nitro-glycerine cannot be safely used without cartri(%es. These, to 
liold a liquid, must be strong, winch makes them rigid. They cannot be introduced 
into a bore-hole without leaving a considerable air-chamber round the charge^ par- 
ticularly os boro- holes generally deviate a great deal from the circular shape. It is 
difficult to calculate even approximately the relative proportions of the unoccupied 
space and the charge, but certaiuly-with the small-sized diameter of such bore-holes 
as are generally adopted for blasting with nitro-glycerine, the loss is at least equal to 
one-third of the -whole space, so that three cubic inchos of the chamber will held on 
an aver.hgo only two cubic inches of tlie explosive liquid. Dynamite has here all the 
advantages on its side, and it is much to be revetted that miners frequently 
neglect to make use of it. Being highly plastic, toe slightest pressure with a wooden 
rod compresses the charge in the boro-hole, so as to exclude all empty space. It is 
true that the small primer cartridge cannot be treated in the same manner, lest th# 
detonator cap affixed to it should be dislodged. But it forms only the upper part* 
and a very small portion of the charge, and the air-chamber which surrounds it is 
therefore of no practical importance. The increased effect derived from this mode of 
applying plastic explosives is far greater than is generally believed. All Ditrp- 
glycerino preparations possess the same advantage, but none are quite so plastic as 
dynamite. Nearest to it is litho-fracteur. Gun-cotton, like nitro-glycerine, leaves a 
considerable air-chamber, o-wiog to its rigidity, when made into cartridges. 

' Practically the advantage of being able to fill up the blast-chamber in a bore-hole 
amounts to the same as if the specific gravity of the same explosive could be increased, 
so much as to make up by weight for the want of bulk. In other words, what has to 
be considered is not the speeifle gravity of the explosive itself, but that of its gaseous 
products at their moment of initial tension, when they strike the rock or other resist- 
ing medium. 

* Since nitro-glycerine caxmot with any degree of safety be used without cartridges, 
and since the unavoidable air-chamber represents an average of one-fourth, at the 
very lowest estimate, of the blast-chamber, a proportionate redaction should be made 
in computing its useful effect for blasting purposes. Dynamite thus rises nearly to its 
level, and ammonia powder becomes somewhat superior.’ 

Nitro-glycerine, it is well known, evaporates at almost an^y tampemture. It has 
therefore been supposed that dynamite loses its power by k^inff. Some experiments 
bave therefore been made at the laboratory of the Teohnioal Military Committee in 
Austria, to dstennine the quimtity of nitro-glycerine which may thus be libentted 
from dynamite in several years^ time. Samples of dynamite (40 to 60 grams), manu 
fsetured in 1S71 and 1872, were taken ; the composition of the flrrt dynamite being: 
nitro-glycerine, 72'98 ; kieselguhr, 27'02 ; that of the eeeond— nitro-g^yeerine, 72*68 { 
kieselg^, 27‘87. These samples were deposited in August 1871, snd in August 
1872, in glasses lightly eovereo, in such a -way that the gases could be easily fibe^- 
rated, ^ey were kept at a temperatwie varying between 10^ and 24° tiU the 
month of September 1676. On being then anmysM anew, it whs found that the first 
spsdmen had lost, in five years, 2'fiO par cent, m nitro-glycerine; the second, in four 
y^rs, 1 62 per cent. These re^ts would be oonsidorably diffbrent if the eonditiotts 
of toe test were altered ; they demonstrate, however, that dynamite, kept in fine air, 
may lose a part of its fone. The author of these experimenM, Captain Hass, of the 
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Amtritn Engineen, propoNt two moani of zemod^iDg the ineonTonienos : 1. 
employ or renew, after a determinate time of keeping, the enppliee of dynamite ; and 
2. ^ ado^ (among the conditione of acceptance), for the proportion of nitro-glyoerine 
in dyna mite, a mimmnm limit higher than at present 
groCTI&VCmr. a name ^ven bv Br. rnipsoN to a peculiar organic substance 
which is supposed to produce the phosphorescence of fish, &c. It is said to be obtain- 
able from decomposing fish, from the glow-worm, and other phosphorescent animal8» 
by pressing with a pallet knife this nitrogeuous substance through filtering paper. 
Its existence must still be regarded as problematical. 

WoXliZTa. A mineral obtained from Nohl, near Kongelf, Sweden, which re- 
sembles very nearly the samarskite of the Ural Mountains. Analyses make it agree 
with the formula 2(R0,Nb*0*) + 3H*0 . — Nordenakiold Jdhrbuohfur Minerdoge, 


O 

OATS. (VoL iii. p. 429.) Some remarkable results have been obtained by 
Messrs. Lawns and Gilbbbt by using different manures for the growth of the same 
variety of oats grown for five successive years on the same land. 



See Watts's Dietionary of ChomUtry for an important article on the ' Ohemistry of 
Oats.' 

The total ImportaUon of oats into the United Kingdom in 1876 was 12,486,888 
cwt , and in 1876 it was 12,675,684 cwt. 

The Exportation of oats, the produce of these islands, in 1876 and 1876 : — 


Oountrici 

1876 

1878 

To France . ... 

„ British West India Islands') 
and British Guiana J 

„ other countries • . 

Owt. 

71,123 

86,808 

8,760 

Value 

^28,168 

18,268 

2,888 

Owt. 

162,662 

24,867 

18,040 

Valus 

£66,200 

12,690 

6,904 

Total . . 

111,181 

48,814 

198,940 

84,604 


Of Foreign and Colonial produce, the Exportation was, in 1876, 46,861 cwt, of the 
value of 2],410f., and in 1876, 110,221 cwt., valued at 46,9292. 

OOOXiimov or OAMO nr OOAA. See Coal, Oasis ibox axd nKmooiD 
nr, p. 240. The shutting up of gasM in coals, a term re-introduced by IMeasor 
Graham to indicate the power possessed by some substaneee to foiuibly absorb and 
retain gaseou s bodie s within the stmctural pores. Ooelude^ to shut up. 

OBWOXBnra. The name of a test paper sold in Paris for the purpose of detest 
ing the fraudulent coloration of wines. See Wnns, AnuLTisATiOM or. 

OBWOSOr. (oirei. Wine.) The name given to the natnxal colouring matter 
of wine. 

OIU. (Vol. iii. p. 481, fre.) The extent of the artiole referred to renders it 
necessary, in the present one, to refer to such iroprovemente only as may have been 
introduoM since uiat srtide was printed. These will be found ^ndpaUy to be the 
introduction in some form of the paraffin or petroleum oils. 

JotMeaiiny Gifs.— Mr. Huxfbht, of Chester, who has had much experienee in 
manufacturing lubricating oils, has recently patented a method of purifying the 
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mineral hydroearbona bj whieh the addition of fhttv oil ia diepoaaed with, and a 
better lubrioating material obtained. The vieeidity of oil thue prepared ie eonal to 
the beat olWe oil, and, aa it ia not liable to be deoompoaed into &tty acida, it doea 
nbt iquriontiy affeet the metal aurfaoaa, nor deatroy the mbber vaiTea and other 
aimilar mhber anxfiacea with whieh it cornea in contact Beaidea beinpf free from 
liability to apontaneona comboation, it ia atated that, for ^inary lubricating, thia 
oil ia perfect, aa it forma no gam or acid, and hoa a lubricating power equal to sperm 
oil. The oil treated by thia invention ia also specially suit^ for lubricating fast- 
running machinery, and for all kinds of fast-running mechanism. Mr. Humfiut flrst 
submita the oil to oareM fractional distillation, and collects the heavy portion of the 
product. In the refining or chemical treatment, instead of ^taring the chemicals 
with the oil by means of piddles, screws, or other mechanic means, he forces a 
larfi^ stream of compressed air through a pipe at or near the bottom of the yesaol, by 
which he daims that very important advantages are obtained. As well as a moat 
borough and complete agitation, a oonaideTabre effect is produced, powerfully aiding 
the aeuon of the chemicals used ; at the same time, the neat volume of air passing 
through carries off all traces of oils of low mvity and boiling points, the result 
being lubricating oil possessing more body and higher specific gravity and fiashing 
point than any other mineral lubricating oil, making it specially adapted for lubri- 
cating the pistons, slide-valves, and other parts of marine, locomotive, and other 
steam-engines, steam-hammers, and other apparatus. The oil may be prixluoed ftrom 
c^, shale, peat, bitumen, asphaltum, petroleum, and other oil-producers as ia found 
most economical and convenient. 

The defect of lubricating oils in general ia that they gum and become acid. Fatty 
oils, both animal and vegetable, in spite of very careful preparation, are liable to oxi- 
dation by the air, the result being the production of a gummy matter possessing more 
or less acidity. Besides this, there is always danger that the cotton- waste used in 
wiping the surfaces may, when it becomes soak^ with the fatty oils, and is de- 
posit^ in warm places, spontaneously ignite — a danger which is not incurred when 
any of the petroleum lubricating oils are used. When fatty oils are employed to 
lubricate parts subjected to great heat, as the pistons of high-pressure condensing 
engines, they exercise a deleterious effect on the boilers into whieh they are pumped 
with ^e fe^-water. The high-pressure steam resolves the oils into fatty acids and 
glycerine, the former of which attack the metal surfaces with which they come in 
contact, and the latter assists in forming a kind of glutinous scum, or soap-suds, 
which is a well-known cause of priming. 

Another lubricating oil has been introduced and strongly recommended hy Mr. 
G. H. Gbkbm, of New York. It ie a compound of oil obtained from the feet of cattle, 
and of paraffin or petroleum oil. It ie found that certain oleaginous secretions, or 
matter obtained by boiling from the jointe, feet, and other parts of animals, when 
mixed with animal and other oils or fluid, can be used to p;reat advantage for lubri- 
cating moohineiy and for other purposes. The said oleaginous matters are success- 
ftilly ext.racted in the following manner: — A quantity of cattle feet and other parte 
of the animal are put into a clean caldron, with sufficient water to cover the said 
matter, and boiled at a temperature of about 240° Fahz?; until the flesh and gristle 
separate firom the bone, which will require about four boure. The neat’ e -foot oil 
given out by the boiling will float on the snrffice, and may be skimmed off if desired ; 
the bones are then removed. At this etage of the process the matter which it is 
desired to mix with the oil, for lubricating or other pui^sps, is in a euitable condition 
to receive the oil to be mixed with it. Although the neat’s foot ie not neceeeaxy 
to the oom]^und which it is desired to produce, its presence in the compound will 
not be uynnous. 

Accoroing to the patentee, when the matter is in the above condition, and with or 
without the neat’s-foot oil, about one part equal in bulk of paraffin oil ie added, which 
with advantage should flrst be deodwised, the mixture being boiled fbr about three 
quarters of an hour, or until the paraffin oil combines with or takes up the matter, 
but not looff enough to decompose the animal matter, which is nsnsUy made into glne. 
Alter allowiDg tile matter to stand about fiftsen minutes to allow the heavy parte to 
settle, the liquid combination is drewn off so ikr as it ran be done without dieturbing 
the heavier matter. This compound of oil with the matter with which it combines^ 
eonetitutes an important feature of this invention, being chiefly intmded for lubri- 
oating maohinezy, but which may be need for other pnrposes. If it be dmred to 
render the compoiud lees fluid, to prevent it from running freely, eo that it can bo 
UBsd for lubrieatinff vsrtical slides without waste, about from one-eighth to one-sixth 
by msasnre whsle or other animal or vegetable oil ie added to the compound ; the 
tem|mtnre at which to make such an addition is about 70° Fahr. 

Ftoaffln is named as the oil to be used in making the said compound, because it Is 
the ehsapest, and also becanse it has been found to be the best. This invention« 
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liowmr, ii not limited to the exolutiTe use of panfin, as other dls and fluids mav ht 
substituted. 

iMbticaHmg Pototr of R D. NAnm exhibited at Mknehester some ap« 

BAxetfos ibr testing the lubricating TOwer of liquids which exhibited mu(^ ingenuity. 
It will be readily understood that the lubricating poi^r of any oil is determned by 
the load which can be readily moved over a given surfhce, and any apparatus must be 
constructed so as to measure readily the Action exerted between two surfaces. At 
the Philosophical Society of Glasgow Mr. Napibb read a papeir on this subject, from 
which we extract the following portion : — 

' There are such large exceptions to the generally received law of the uniformity of 
friction at different velocities, that it becomes questionable whether it is quite entitled 
to the name of a law at all. The law referred to is stated to be that friction is in- 
dependent of velocity, excepting only that there is what is called the friction of rest, 
wmch is always greater than the friction of motion — that is to say, it takes more 
fbrce to cause one surfoce to oommhnce to slide on anotlier than to keep it moving ; 
but it takes neither more nor less force to keep it slidiim fast than slow. In reply to 
this I have to observe that the coefficient of motion (tOfit is, the ratio of friction to 
pressure) frequently increases materially with the velocity, and, on the other hand, 
often decreases materially as the rate of sliding increases ; also, that sometimes the 
coefficient of rest is not distinguishable from that of motion. 

‘ By means of the machine referred to in the title of this paper, which is constructed 
for testing the lubricating qualities of diflbrent oils, I shall presently be able to show 
an example of each of two opposite effects — that is, of friction in the first place, 
increasing materially with the velocity, and vict veraQ . ; and in the second place, of 
friction decreasing materially as the velocity is increased, and vice vera^-^ that with 
mineral oils the coefflcient of friction is less at higher than at lower velocities, and 
that with animal and vegetable oils the reverse is the case. I have frequently ob- 
served results which could only be accounted fur on the supposition that in some 
cases friction varied directly, and others inversely, with the velocity. In other cases 
it has been evident that the friction was greatest at a certain velocity, and decreased 
with either greater or less velocities. 

* The following is an example of the first case at slow velocities : — A weight of 
about 10 tons being suspended from a jiair of blocks, from which the chain led to a 
barrel 14 inches diameter, with a brake- wheel 42 inches diameter attached. Them 
were five parts of chain in the blocks, so the strain on the chain was about 2 tons. 
The brake was of the differential kind, proportioned so as to be self-holding, with a 
given coefficient of friction, and the state of lubrication at the time I refer to was 
such that it required a weight on the brake handle to prevent the load from descending. 
Now, if the coefficient of friction were not affected by velocity, any weight on thelever^ 
that is sufficient to reduce any acquired velocity of descent must ultimately stop it, 
and the less the friction the more pressure it must require on the brake lever to 
counteract the weight of the load. 'Well, in the case referred to (and it wax one of 
the greatest difficulties I experienced in satisfactorily using differential friction -brakes, 
and therefore was not at all an uncommon case), the weight on the brake lever was 
sufficient to rapidly reduce the velocity of slipping from 60 or 70 feet per second to 
that of a few feet per minute (accomplished in a small fraction of a second), and yet 
it would go on slipping for an inde^ite time at the slower velocity. The p^ess 
could be reversed by taking off weights, and thus increasing the velority of slipping 
up to perhaps 80 or 40 feet per minute, when a sudden decrease would take place in 
the friction. 

* I have now to speak of a ease in which the friction varies rapidly with the tebelty, 
and shall describe an experiment which it is in the power of many people to try 
themselves. It is the friction of a belt slipping on a metal pulley that I refer to, or 
rathef the eohverse of this, which is much more easily tried— that is to sajr, ths 
friction betVcfeU the bdt and the pulley, when the pulley is made to revolve while 
the belt is stejtionaiy. A belt about 5 feet long, 7| inches wide, and about i inch' 
tilick, siiigle ply, ana to each end of which was attached a hook, was placed over an 
ordinary stnootn and turned cast-iron pulley 18 inches diameter. To the one hook 
was attached a chain, and to the lower end of the chain a spring-balance capable of 
weighing 2001b. ; and to the other hook a piece of twine was attached for suspending 
definite weights from. The weight of the belt and pair of hooks was 6^ lb., giving' 
about 8 lb. for the weight of each hook, plus the part of the belt below the axle. The 
weight of the chain to which the spring-balance was attached was 17 lb., and of the' 
apring^biJanoe itself 11 lb., so that the total strain on the spring-balance end of the' 
•trap was 8 lb. -f 17 lb. + 1 1 lb. » 31 lb. plus the strain indicate by the spring-balaiioA 
and on the otheS end 8 lb. pins the weight suspended from the hook. Jx we call thii' 
latter strain 8‘ and the former S^ then if the pulley be made to resolve from the 
Bpving-bflJanee or B* end to the other, and if we ascertain the ratio of the strain 8* to 
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flw itnfai ff, 1M dull obtoin the eotOdest of Motioa bj tba ftUowing nU, opftieoblo 

6 * 

to the oaoe of a floodblo otrap tadf lound a polity 0->'786 log. wham C ia tho 

ooaAeient of friction or ratio of friction to proBBoro.* 

Thia eztxaot will aufflciantlj aerre the purpoae of indicating the kind of experiment 
by Mr. TSafor* Thoae who are mnco intareated ia thia important question 
must be referred to the original oommonioation. 

Lubrieatora toUh OiU , — ^An automatic lubricator capable of beine used either by 
opening or closing an aperture, and thus regulating the discharge of the lubricating 
fluid, is rmresented in the annexed drawing,^. 2405. 

The glote, A, of this apparatus when working is filled partly with condensed greasy 
water, partly with the lubricating material, and the space not taken up by these taro 
is for the condensation of steam, as will be afterwards described. To the top of this 
globe. A, is a cup, b, perforated at its lower sitting, and thus communicating with the 
globe, A. In one of these holes a tube, n, is placed for allowing the air to escape 
when the globe, a, is being filled. The lower part of this cup is prorided with a 
valve seating and a screw boss, r, attached to it. An annular valve, i, can be made 
to rest on the fbrementioned valve seating, as it is fixed on the same spindle as tho 
handle, h, and the intermediate screw shown in our figure ; according as thia handle 
is turned, so the passage between b and a will be 
clear or closed. Through the centre of this handle 
passes a spindle, x, actuated upon by the small 
wheel, M, and which further works through the 
stuffing-l^x, L, and through the screwed l^ss, r. 

This spindle has a passage (shown in dotted lines 
in the woodcut) through its centre, communicating 
with the chamber below the globe, and with the 
interior of a, by the transverse passage, b. This 
hirer chamber has an upper and a lower valve 
seating, against which the double valve attached 
to the bottom of the forementioned spindly x, can 
be alternately screwed up to by turning the 
wheel, iL. 

Having thus briefly enumerated the details of 
construction, we pass on to the mode of filling and 
using this apparatus. The lubricator having been 
fastened on to the steam supply pipe cioso to the 
valve-chest, the small handle, m, is screwed down, 
thus the steam is shut off from the lower diamber 
under the globe, a, by the bottom valve coming on 
its lower seating. Tho valve, i, is then raised off 
its seating b;^ turning the handle, E ; the lubricat- 
ing material is next poured into tho cup, b, when 
it will find its way into the globe, a, the air 
escaping through the tube, n. As soon as the 
filling is completed the handle, h, is screwed down 
again, and the lubricator is ready for action. In 
cases where this apparatus is made to work on the 
self-acting displacement principle, the spindle, x, is raised by means of the handle, ir, 
thus bringing the double valve dose on its upper seatii^. This spindle having an 
internal passage, the steam will be communicated to the globe, a, and coming in ooo- 
taet with the cold surface of the lubricating material it will be here condeiued, and 
by ito ^vity will doMend to the bottom of the globe, a. A very minute quantity 
of lubricating material will be thus displaced, which passea out into the steam- 
piM through the hollow spindle (the same through which the steam enten), when 
it Decomea mixed with the steam paaaing to the cylinder, thus, so to speak, greariog 
the steam for lubricating all the workiug faces. If it ia, however, required to supply 
a quantiify of lubricating material at once, it will allow this to be done, by adjusting 
the distance of the doable valve off its seaCing by means of the small whe^ m.— 
tron^ Febmaiv 6, 1876. 

Aixiy’s lubricator and bearing feeler ia an ingenious anangament which net only 
testa the condition of the brass bearing, but when heating has been canaed by the 
obatmotion of the ordinary lubricator foinishea a temporair relief while giving the 
aloRn. ^e mode of action is as follows : — A, bell ia neld In an elevated position by 
a composition plug. If the supply^ of oil oeaaea from any cause, the bearing heats and 
melts the plug. The bell, thus losing its support, drops into gear with a kicker on tha 
shaft, and ringa, and continues to ring until the beariDg is cooled down and tha plug 
Mnewod. These plugs are formed, o? hard fatty matter, which melts at 180^ Fahr., 
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tii6 iiMMt inflAmmable lubrieaat not tnkiog fire until the temperature of the metal 
reaehee 800" Fahr. At has been mention^ the eubetaace of the plug running into 
the bearinga preventa the evil from inereaaing before steps can be tuen to reduce tha 
heat The bearings are thus felt continuouslj at the right spot, and the point of 
alarm is fixed when the heating can be easily arrested, the Mer itself taiii^ the 
fi^ step towards that end. This is done automatically by an apparatus which is 
s'mple and not liable to get out of order, thus reducing risks foom carelessness to a 
minimum. 

VaHiy Oiltt Tutw/g of , — The value of a fatty oil as a lubricant is considered to 
de^nd on the amount of add it contains. M. Bursttn, chemist in the Naval Arsenal 
of rola, has published a method for determining acidity volumetrically. The method 
is as follows : — A tall ^lindrical vessel, provided with a ground glass stopper and 
having two marks on it to indicate respectively 100 cubic centimetres (6 1 cubic 
inched and 200 cubic centimetres, is filled to the first mark with the oil to be tested 
and to the second mark with 88 tofiO per cent, alcohol. The cylinder is then closed 
and well shaken. Equal quantities, other than 100 cubic centimetres, can be employed 
without any other change in the process. After standing two or three hours ue oil 
settles, and the clear alcohol, whicn contains in solution firee acids and a little of 
the oil, rises to the top perfectly dear ; 26 cubic centimetres of the clear alcohol is 
taken fo>m the top by means of a pipette. A few drops of an alcoholic extract of 
turmeric is added, and the add determined by means of a standard solution of potash, 
as in acetometry. The change from yellow to brownish red takes place with great 
sharpness when neutralisation is reached. The number of cubic centimetres of potash 
employed multiplied bv four gives the quantity of the normal solution r^uisite to 
neutralise the free acid in 100 cubic centimetres of oil. As it is not an individual 
acid but a variable mixture of acids, it is not possible to calculate the ](^rcentHge of 
acid present. These numbers, however, may be taken as degrees of acidity. For 
instance, an oil of three degrees of acidity is one which contains enough firee acid to 
neutralise 3 cubic centimetres of normal alkali. 

If we assume that oleic acid predominates, which in most cases is the fact, 1" of 
acidity corresponds to 0 28 per cent by weight of oleic acid. The olive oil of com- 
merce has an acidity ranging from 0"*4 to 12". The first passes as very fine, and is 
called free from acid or sa^ oil, while the latter is known by smell and taste as 
strongly rancid. Oil that has 4" to 6" of acidity has been found by experiment to 
answer venr well as a lubricator. 

What relation there exists between the degree of acidity and an injurious effect upon 
metals is shown by the following experiments : Four shallow vessels of sheet bius, 
having a surface of 40 square centimetres (about 6 square inches) each at the bottom, 
were filled to the depth of 2 millimetres (078 inches) with oils of different acidity, 
and exposed to the air at the ordinary temperature. The vessels were soon more or 
less covexvd with green fatty salts, and the oil too acquired a green colour. Oil and 
vessel No. 1 were the only ones in which no change could be perceived. At the end 
of twelve days the vessels were cleaned with ether and weighed. The following table 
■hows the amount of action : — 

Vessel No. 1, filled with oil of 0"'8 'ost 0*08 grain 

» 2 . « 40*6 „ 0*22 

,, 8, ff 7®*8 ,, 0*86 M 

.. 4, „ 8"*8 „ 0*4 » 

The quantity of metal destroyed in equal times and under equal conditions increases 
with the acidity of the oil. 

This volumetric method of determining the amount of acid extracted from the oH 
is so simple that a person who is not a chemist can, with a little prMtice, perfiorm 
the operation if he can obtain from a chemist the normal potash solution. Tnere is, 
however, a still more simple method, invented by the same person, which depends on 
the fact that the more amd has been taken up by the slooW the heavier we latter 
becomes. It is only necessary to be provided with two cylinders, a suflleient quantity 
of alcohol, and a delicate hydrometer or alcoholometer. In one cylinder is placed 
the pure ^cohol employed, and its specific gravity is taken ; in the second <^linder 
the oil and alcohol are shaken up together, and when they have separated the hydro- 
meter is transforred to the supernatant alcohol and its speeifle gravity taken. The 
greater the difference in the specific gravity found, the l^er is the percentage of 
acid in the oil tested. There must, ca course, be alcohol enough above the oil to fioht 
the hydixnneter without its touching the oil. The hydrometer must be ve^ delicate^' 
so as to read to the fourth decimal place, and the seals need only extend from 0*825 
to 0*650. 

BvasTTN is engaged in preparing a table to show the acidity corresponding to 
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diflbniit readings of the hjdiometer for alcohol of 88 to 90 per cent, when the aoiditj 
rangea from 0^ 6 to 12**. The following table shows a few of his results ; — 


OUNo. 

Addlty Yolumotrloslly 

Bpodflo Gravity of 
Wash iJoohol 

Bpsolflc Gravity of Olsan 
Aloobol employed 

I 

0-8 

0*8824 

0*8300 

n 

2-2 

0*8328 

tf 

III 

2-8 

0*8330 

•• 

IV 

4*6 

0*8386 

M 

V 

7*8 

0 8846 

II 

VI 

8*8 

0*8346 

II 


If some ingenious hydromotor-maken will put a suitable instrument in the market* 
with large bulb and short scale, we may soon expect to see this quick and simple 
method of testing oils introduced into practice. It will not only prove very serviceaDle 
to the owner of machinery b^ easily and quickly informing him whether the oil in 
question can l:>e used for lubricating, but it will also be useful to dealers and pro- 
ducers, because it enables them to judge, without special difficulty, of the value of 
their wares, and to know whether the process of refining has gone far enough. It 
will scarcely be possible to mix adulterants with the oil so ns to conceal the acid and 
render this test invalid, because the substance added for that purpose must be lighter 
than alcohol, must be soluble in alcohol as well as in oil, and free from odour — three 
difficult conditions to fulfil . — American Chemist . 

Otis imported in 1875 and 1876, 


Description of Oil 


1876 

1876 


Quantities 

Value 

Quantitiei 

Value 

Train oil or blubber . 

Tune 

14,890 

£ 

480,817 

18,466 

£ 

446,262 

Spermaceti or head-matter 

It 

4,469 

427,884 

3,218 

296,869 

Animal oil . . . 

Cwt. 

20,176 

37,433 

26,914 

62,616 

Castor oil . . . 

„ 

48,044 

219,168 


79,677 

133,888 

Oocoanut oil . 


411,665 

79.431 

877,480 

Olive oil . . . 

Tune 

36,463 

1,569,068 

24,022 

1,089,176 

Palm oil . 

Cwt. 

904,562 

1,608,299 

637,131 

79,824 

1,629,360 

Seed oil of all kinds . 

Tune 

19,061 

22,769 

811,421 

Turpentine 

Cwt. 


847,976 

288,026 

271,618 

Essential or perfumed 

Lb. 

545,783 


1 639,110 

247,246 

Unenumerat^ . 


— 

126,896 

L - 

145,604 


Oil Cakb. — W e imported in 1876 and 1876 oil cake from the following countries : — 


Oountrles 

1876 

1876 

From Russia .... 

„ Sweden .... 

„ Norway .... 

„ Denmark .... 

„ Germany .... 

„ France .... 

„ Italy .... 

•• States of America . 

M other countries 

Tom 

9,811 

2,641 

2,466 

1,622 

2,461 

42,692 

1,609 

2,366 

112,007 

2,016 

£ 

102,226 

29,101 

27,028 

16,266 

23,371 

326,220 

16,140 

21,728 

1,242,986 

30,400 

Tons 

14,890 

1,994 

1,606 

750 

1.468 

24,868 

4,016 

187,164 

8.447 

£ 

161,920 

22,713 

17,679 

7,867 

18.809 

172.960 

25,216 

1,822,862 

83,136 

L_ 

Total * 

180,879 

1,884,466 

100,281 

1,768,281 


Onj, Phtocial Okabactbbs of.— Mr. 8. Borroira has given the following tables 
abowing the most str iking physical properties of the more important oils 
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OILS, TBSTIKO OF 6U 

A glane* at the taUe wiU be quite sufficient to show how little dependence is to be 
plaeed on an examination of the phyeical properties only, as a means of ascertaining 
the purity or adulteration of any sample of oil. One might think that the speciid 
.granty'would give a sufficient indication ; but it must be Wne in mind that several 
of these oils can be so altered in this resp^, by Seeing and separating the more solid 
portions, by treatment with eulphurio acid, exposure to air and light even, that it 
becomes aunost useless to recur to their specific gravity alone as a test. The same 
remark may be made with regard to their freezing-point. This is also variable ac- 
cording to age, treatment, &o . — English Meohanw^ No. 6U2. 

Oixe^ Txstiko of. — The detection of the adulteration of oils by their * cohesion 
figures * has been ably treated by Mr. C. Tomliksox, of King’s College. He proposes 
to utilise the property possessed by the various oils, of forming different figures, when 
allowed to d^ on the surface of clean, still water, In order to insure success and to 
obtain bold, well-defined figures it is necessary that the vase or dish containing the 
water should be chemically clean ; that the surface of the water should also be clear 
and free from organic matter ; that the temperature should not be less than 16*^ C., 
and that the surface of the water should be about 75 to 80 centimetres square. The 
time required to produce any given figure must be carefully noted, as time is an im- 
portant element in the matter. These figures were minutely described in the PhUo- 
aophical Magazine and other journals by Mr. Tomlinsox ; it is only nocessarv to 
describe simply the figures produced by good olive oil and by sesame oil, whicn is 
uomeiimes used to adulterate the former. When a drop of olive oil is placml in the 
centre of a sheet of water, it slowly spreads out into tlie shape of a large disc, with 
slightly recurved edges. The cohesion of the oil, however, soon begins to get the upper 
hand, the disc begins to contract, the edges first testifying the return of the cohesive 
force : a number of little spaces begin to appear round the edges, causing them to 
resemble a chaplet of beads. The spaces between the beads soon open out, and the 
ed^ becomes toothed, the detached portions in sumo parts reuniting tnomselv.es to the 
main sheet of oil, enclosing polygonal spaces bounded by fine beads and covered with 
an excessively fine ' dew ’ of oil, which requires a sharp eye to detect. These changes 
are effected in about thirty -five seconds. 

Oil of aeeame, treated in the same manner, begins by forming a large well-defined 
sheet. Cohesive contraction, however, soon takes place, and the final figure is a 
central spot with distinctly marked rays, between which other smaller rayed spots 
appear; the whole recalling the figure of a spider’s web loaded with dow. This 
phenomenon occupies sixty seconds in its production. Mixtures of these two oils 
give figures whicli approach more or less to one or other of the typical figures, 
according to which oil was in excess. As nearlv every oil rives a distinct 
pattern, this method is extremely valuable. See Philoeophical Magazine for Mr. Tom- 
LiXBOx’s paper on cohesion figures. 

Nasxtth devised a simple plan for testing the fluidity of oils. A plate of iron 
6 feet in lengtli, having a number of longitudinal grooves of Mual size, is, when placed 
for use, rais^ 1 inch at one end. An equal sample of each oil to be compared is then 
poured at the same time into the top of the grooves omd allowed to flow. Some oils, 
which the first few days of the trial appear roost fluid and progress the fastest, begin 
then to coagulate, and are passed by the better oils, some of which continue the race 
for eight or ten days. In one trial which was made linseed nil flowed freely during 
the first day, but stopped in the space of 18 inches. The best sperm flowed most 
freely for two days, but on the thiid day was passed by common sperm, which on ths 
ninth day reached within 2 inches of the foot of the inclined plane, the other oil having 
stmped on the seventh day at 64^ inches. 

f^essor B. H. Thdbstox, of the Stevens Institute of Technology, Hoboken, New 
Jersqr, has recently invented a machine which seems to overcome the objections here- 
tofore raised to the oil tests in use. A cast-iron standard, with two branches at the 
top, is bolted firmly to a square base. On the top of each branch is a stationary 
joumal-box, in which runs a short iron shaft, mov^ by a pulley pl^ed on it between 
the two boxes. At the outer end of the shaft there is a short projecting journal of 
steel or selected iron ; suspended from this journal, and clamping it by means of 
justable boxes, is a hollow, round arm, hanging perpendicularly and loosely, which 
also has upon it a sliding weight fostenea by a set-screw, the whole resembling a 
metronome reversed. 

Ths pxessurs under which the oil is to be tested is obtained by turning a screw 
which is placed half way down the arm, and acts upon the lower part of a spiral spring 
contained inside the upper part of said arm, and bearing against the l(mer one of the 
loose boxee which clasp the trial journal. The pressure per square inch appears on 
a graduated scale outsioe the spring, and which is trayersed by a finger. The machine 
bmng put in motion by a bolt on the pulley, the friction at the last part of the proof 
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eausM the petpendieular arm to s-wing away Grom the Tertioal poeition. The ^ moment 
jof firiction* ie indicated by a quadrant acale at the back of the swinging arm, and in 
whieh a pointer fastened on the latter moves. The ‘ coefficient of friction ' is obtained 
V 'tf dividing the reading on the quadrant scale by a second set of empirical divisors 
•Xud off on the upright scale of the spring. The temperature at the test is marked 
a thermometer set in brass on top of the boxes around the friction journal. In 
usiim the machine a small and determinate quantity of the oil to be tested is placed 
on the trial journal, and the pressure on the latter being adjusted by turning the 
screw below the spiral spring, the machine is started at a speed that will give the 
desired relative velocity of rubbing surfaces. Observations are made at short intervals 
and recorded, until the test is closed by rapid heating, as shown by the thermometer, 
and excessive increase of friction, as indicated by the movable arm swinging against 
the stays. Competing oils are similarly tried, and the records form a perfect moans 
of comparison. i 

The relative power of resisting high temperature without decomposition is another 
important point which cun be tested by this machine. Any lubricant can be proved, 
whether vegetable, animal, or mineral, tallow, or mixtures, like axle-grease. The 
essential feature is the combination in one machine of apparatus for making simul- 
taneous dynamometrical and ihormometriciil tests of the lubricant. There is great 
room for the exercise of judgment by the mechanic, manufacturer, and railroad agent, 
in the choice of lubricators for their special purposes ; and the price of the article 
cannot be taken as a proof of its merit for specific uses, since the best sperm oil will, 
in some situations, not last as long, nor perform the work as well as an oil costing 
only half as much, but better suited for the purpose. 

The difficulty as regards machines for testing lubricants has been the imponibility 
of adapting them to the investigation of any oils, and not merely for comparison of a 
certain class, just as the various oils used for sewing machines can easily be compared 
by several modes which would not be suitable tests for those adapted to the rolling 
stock of railroads. A very simple test for factory use is to agitato two parts of the 
oil with one part of nitrate of mercury in a glass tube, afterwards adding a few drops 
of sulphuric acid and noting the changes. 

Oils obtained fbom Bihds. (See Oils, vol. iii. p. 431.) The general public is 
not aware of the great quantity of oil obtained from birds. The fulmar (Fulmarua 
OUmaJis), which breeds in immense numbers in the Hebrides Islands, and various 
other parts of the northern latitudes, furnishes a large proportion of the supply. The 
oil has a specific gravity of *992, is of a bright red colour, penetrating odour, and in 
pathological qualities much resembles cod-liver oil. The penguin {^g, Aptenodytea) of 
the Falkland Islands yields the largest amount. One schooner has been known to 
obtain 26,00U to 30,000 gallons in five weeks. As it requires 1 1 birds to furnish 
1 gallon of oil, that quantity demanded the destruction of about 276,000. This oil is 
mostly sent to London, and is used for little else than dressing leather. The dusky 
petrel {Puffinue obacurua) of New Zealand is so rich in oil that on squeezing the young 
birds it will run pure from their mouths. The frigate-pelican {Cachypetea aquUua), 
the ostrich {Strut hio camelua), the cassowary {Caauariua emu), the goat-sucker of 
Trinid^ {g, Caprimulgus)^ and the Stratarinua oaripenaia of Venezuela, all yield in 
the aggregate a large quantity of oil, much of which does not enter into commerce, 
but is consumed by the natives, who extract it by rude and wasteful processes. 

OBL umiB. Deacription of Oil M%U MwUnafry /or Seeda. BoUera. — The seed 
being properly screened, the first operation is to pass it between a pair of crushing 
rollers, by means of which the seeds are broken and reduced to a coarse meal. 

A pair of these rollers is here shown in elevation \>y fig. 2406, and in plan,>^. 2407. 
The rollers are of unequal diametera, the laiger, a, being usually from two to four 
times the diameter of the smaller, b. 

Tlie seed is supplied from the hopper, c, by means of the feed rollers, d, to which 
rotation is given from the spindle of the roller, a. The quantity of feed is regulated 
by the valve, s. Under the rollers are placed steel scrapers, vr, which are kept in 
contact with the rolls by the weighted levers. These clear the rollers of the eruahed 
seed, which, from its glutinous nature, would otherwise adhere to their euilhoes. 

The pressure is given by a combination of a screw and compound wedge acting 
equally upon the two bearings of the smaller roll spindle through a strong spiral 
spring. 

The second operation is that of ninding the crushed eeed under a pair of 
heavy edge-stonee, as shown by 2408 and 2409 ; fig, 2408 being an elevation Mxtly 
in section, and^. 2400 a plan, in which one of the stones is shown in section. The two 
edge stones, a a, are usui&ly about 7iit. diameter, and they run upon the bedetoae, 
a, which is surrounded by an iron kerb. The seed is kept in the track of the stones 
by the sweeper, b, and when sufficiently ground, the attendant, by deans of the hand 
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l«ver shown, lotiren the second sweeper, c, which collects it and discharges it throtlgh 
the opening, n, the door being withdrawn for tliat purpose. 

Heating The thiM operation consists m heating the ground seed in the 

etfam-heated kettle, shown hyfiga. 2410 and 2411 2410 representing the kettle id- ^ 

vertical' section, fig. 2411 in plan. 

The kettle oonsists of a cyiindricnl chamber, A, surrounded by an annular space, a, 
into which steam is admitted by the pipe, o, which is provided with a regulating 
co(^ as diown, the condensed steam or water posing off from under the bottom of the 
kettle at n. The shaft, ^ gives rotatory motion to the arms or stirrers, ff, which 
keep the seed constantly agitated, causing it to absorb the heat and preventing its 
adherence to the heated surface of the chamber. 

2406 



The top of the kettle has a plate-iron cover, o, with a door, B, through which it is 
charged, "^en sufficiently heated, the door, i, is opened, and the stirrers sweep the 
seed into the funnels, j j, through which it is filled into woollen bags suspended 
below. 

PrvssM. — The concluding operation is that of expressing the oil by means of the 
h^raulic presses, as shown by fige. 2412 and 2413; fig. 2412 being a front elevation 
Of a set of pumps and two presses, one of the latter shown in section,)^. 2418 a plan 
view of the same, the head of one ctf the presses being removed in order to show the 
form of the cake boxes. 

The press cylinders are supplied by two foi^pumps, o and n, the plu^er of the 
lugefi being about six times the sectional area of the emaUer, d. The laigef 
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pump, 0 , » irdgbtM to about 750 lb. per sq. in., and the emallei? n, to from 2 to 
8 tone ^r iq. in., giying a total preiiure on the rami, f, which are 12 in. diameter, 
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of about 800 tone. Each press is fitted with four boxes, oqoo, and in each of the 
spaces, B, receives onaof the bags of heated seed, which has been prerioosly placed 
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a boaMhairfnreloM. The atteadaiit flnt flUe one preaa, a, and opene the eommv- 
nioetion between the large pnmp, o, and the charged preaa, a, py meana of the Talrei^, 
I, which caueea the ram to riae until there ia a total preeaure of about 40 tone exerted 
on the. preaa ; the aafety yalve of the large pump then rieea. During thia operation 
- the aeeond preea, B, ia being filled with the aeed baga, and the communication ia then 
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»iid tlia ail ii dbetoklfy ezprantd. A* it leaTet the eeed it pMiee thratfih the 
wcxdlM ba^ and the horse-lmir mate, finding free exit at the edgee, whence it rune 
into tin channel, x, which passes round the upper portion of each of the boxes, o ; a 
communication is made from one box to the o^er at l, bo that the oil passes from the 
uppw boxes through the lower ones and thence into a cistern usually placed below 
the floor, from which it is pumped at convenient times into larger tanks for storage. 
The c^e, after being stripp^ of its woollen covering, is pared at the edges and 
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placed in a ndc to cool and dry, and is afterwards sold for feeding cattle, for whieh 
use its fattening properties are well known. The oil mills described are the in- 
vention of, and are obligingly described by, Messrs. E. B. and F. Tobiixb, of 

TftU OW OXnrA- {Eiaoeoooa vemioia,) This plant is of the fkmily 
the Wuphorbiacea, add is a native of China and Cochin China. Its seeds, when sub- 
mitted to strong pressure in the cold, yield about S6 per cent, of a liquid oil— 
eolourless, inodorous, and nearly insipid. It has a sp. gr. at 16® C. of 0‘08fi2, At 
18® 0. it thickens without losing its transparency or orystaUising. 
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If, iii8t«ad of ether, porifled bi-ralphide of carbon ii empioyea, tne uitj i^^tUr 
tematning after the solvent has been evaporated off at 100^ 0. solkUfles on cooling, 
forming a number of small renifbrm masses, which present under a lens a deeidd 
crystalTin^ texture. This solidified fat has the same elementary composition as the* 
liqhid oil obtained by pressure, and melts at Si** 0. 

I^e oil exfracted by pressure in the cold is rapidly solidified by light in the 
absence of air, an eflbct which was found to be due to the more reftangible rays of 
:.he spectrum. The oil of Elaococoa is the most drying of all oils. — M. S. CLoJis, 
Comptea Randtu^ September 13, 1876. 

OUUV and O&BIO AOZB. See Acbtlio Acids. 

Oimc or TBOAliI. See Alabastsb. 

OFAA. Nhw South Walbs. Pteoioua or Noble Opal. — The precious opal of New 
South Wales has the milky body colour usually possessed by this mineral, and the 
same brilliant play of colours : the dominant colours of the scintillations are metallio 
green, pink, and red. Some of the best specimens form, when polished, very fine 
gem-stones ; but here as elsewhere the valuable specimens obtained bear but a small 
proportion to the whole. The best have been obtained from Bocky Bridge Creek, 
Abercrombie River ; the matrix is a fine-grained bluish-grey amygdaloidal trachyte, 
which is so much altered that it can be abraded by the thumb-nail ; the opal has 
filled by infiltration certain of the vesicular cavities and crevices in this rock , it is 
associated with much common opal free from any play of colour. 

The appearance and mode of occurrence of the opal found at Bulla Creek, in 
Queensland, is very different. The body colour of the Queensland opal is usually deep 
ultramarine blue or green, and the reflections are usually metallic green and red ; the 
matrix is in this case a brown mottled day porphyry, in which the opal occurs as 
small veins and strings. 

Opal is also found in a similar clay porphyry in the Wellington District. It occurs 
at Bland, near Forbes ; also at Coroo, with chedcedony, agates, &c.; and at Bloon^fiold, 
near Orange. 

Otrasol^an opal with a red or orange tint — occurs at Wellington. 

Common Opal, Semt-Opal, and Wood OpaL—Commorx in all the basaltic districts: 
Uralla, Invorell, Richmond River, Trunkoy, Scone ; Hunter and Castlereagh Rivers, 
Kiama, Lachlan River. — Professor Archibald Livbbsidob, Mtnerala of New South 
Wake, 

OKCnr OO&OUm. fVol. iii. p. 461, Oncm.) See Abchxl, p. 81. Ten grams 
of orcin, ten grams of sulpnaric acid, and forty grams of the reagent —nitrons acid — 
are, according to Libbbumanic, mixed. The solution must become a fine purple red. 
When poured into an excess of water it yields a pure red orange precipitate. The 
alkaline eolation is purple with a scarlet fluorescence. After washing for several 
days it is dissolved in alcohol, filtered, and evaporated. It forms a splendid oantha- 
rides-like mass, 

M. C. Libbhbhakh {Journal of the Chemical Society, 1874, p. 698) shows that the 
action of ammonia on orcin in presence of air gives rise to two colouring matters. 
0>«H"NO^ and G**H*’NK)', the latter of which is produced from the former by the 
further action of ammonia and air. The colouring matters possess a brilliant cantha- 
rides-like lustre, and cannot be distinguished by their appearance. They form, with 
alkalis, fine purple solutions, that of the former inclining to red, that of the latter to 
blue. — Deut, Chem. Gee. Ber., v iiL 

OMnr, or OBCUr, AXTmoXA&. This, the tinctorial principle of orchil, 
is now obtained ftom one of the constituents of coal tar. 

VooT and EmnnHOBB, in their French patent, state that toluol, is converted 
into toludo-bisulphuric acid by the action of concentrated sulphuric acid. It is then 
treated with lime and again with an excess of soda at 300^ either with or without 
pressure. 

The melted mass is dissolved in water, saturated with hydrochloric acid, the solu* 
tion concentrated, and the chloride of sodium removed by crystallisation. The mother* 
liquor contains orcin, 0**E*0\ which on treatment with ammonia is readily converted 
into orcein. — ^RniiAHir's Farber Zeiiuna, 

OUS, nusanro or. SampUng Oret.— in assaying ores for sale, or to asoer* 
tain their value, it is essential to have a eample properly taken. The Cornish method 
of sampling tinstone, described hy Messrs. Roach, of Breage, is as follows 

Assume a parcel bf tinstuff at auifhce to be 10 tons, the mode of sampling it is— 
<1). It is * spalled ’ to a sise suitable to be stamped ; (2). The pile is uniformly mixed. 
(8). It is divided into ' doles ’ or parts, ten tons into, say, ten ‘ dolra.' (4). Any one 
of these ten ' doles ’ is selected by the captain of the mine, then weigh^, allowing at 
the same time 10 per cent, for water contained in the stuff. (6). This one dole, or 
m ton, is then cut through the centre about the width of a foot From the sides d 
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thk entiling, a. little lees than a cubic foot of stuff is gently taken down by the aamger, 
plaetd in & ' aampling box/ and remoTsd to the aampbn^ house. (6). The stidT is 
broken to a unifSorm sise^bout that of a walnut— -when it is distributed in the fonn 
of a rinde on the * bruising pan/ and crossed or divided into four equal parts, the two 
opposite parts being thrown aside. This operation is repeated four or fire times, 
until the quantity is rendered sufficiently small to be semi-pulverised, when it is dried 
in a flat, low-ed^ pito over the Are. (7). After these various processes it is reduced 
to a finer state. (8). It is then further reduced as described in No. 0, viz. on the 
refining iron, and a small bag of this product is the * sample/ (9). The sample is 
then handed to the * sample trier,' who washes it on a * vanning shovel,’ and gets rid 
of most of the waste by a peculiar motion of the shovel, repeating the operation, yet 
still pulverising the sample, until the residue, chiefly oxide of tin, remains on the 
Mhovel. (10). Ihis residue is now roasted in a crucible fbr, say, 20 to 80 minutes, 
according to the ‘ foulness,' or admixture of other metals with the oxide of tin. (11). 
The roasted sample is vanned, again dried over the fire, and after the application of a 
powerful mngnet, for the purpose of extracting any magnetic particles which may 
Happen to be present, tolerably pure oxide of tin is obtained. 

The method of estimating the value of a parcel of tinstone is as follows : Quantity, 
say ten tons ; one ounce of black tin is regarded as the equivalent of one ton, and 
the latter, valued at the current price, 48/., would represent 48/. per ton. Therefore, 

The sum of £48 0 0 will stand for one ounce of black tjn. 

,, 2 8 0 „ one dwt. „ 

„ 0 2 0 „ one grain „ 

Now let it be assumed that the sample in question afforded 18 grains'^f black tin. 

Then 18 grains multiplied by 2s. per gram will give a value of 86s. per ton, or for 
the parcel, viz., 10 tons (10 x 86), the sum of 18/. 

The tools and apparatus employed are: (1). Steel ragging sledge, 7 lb. weight, 
6 X 2 X 1^ in. (2). Steel spalling hammer, 3 lb. weight, 6 in. long. (8). Sampling 
or bruising iron, 2j^ in. souare x 2^ in. thick. (4). Bucking-iron, 4 in. square, 8 lb. 
weight, convex face, hilt through eye, or loop, on top. (5). Refining iron, flat, with 
smooth face. 20 in. square. From this iron the sample is placed in the bag. (6). 
Braising ^mmor used on refining iron, flat, 4 in. square, 8 lb. weight ; hilt througn 
eye, or loop, on top. (7). Bruising hammer used on the vanning shovel, flat, smooth 
surface at either end ; weight 8 lb. 

The method of sampling silver lead ore at the Wildberg Mines, Rhenish Pmssia, 
m^ be thus described : — 

The ores are divided into four classes: (1). Cobbed ore; (2). Sieve raggings; 
(.3). Fine ragginn; (4). Slimes. Each variety of ore is heap^ seporately^uring 
the month. As ue quantity added each day cannot always be of the same metallic 
produce, each heap at the end of the month is thoroughly intenqixed by means of 
shovels. The heap is then flattened and divided into quarters by two main passages 
made at right angles to each other, the intersection of the passages being at the 
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centre of the heap,^. 2414. Samples of No. 1, cobbed, No. 2, sievie rngdogs, and 
No. 3, fine raggings, are now taken according to the following mba. Am the 
sides of the passage or wall of each quarter, as well as firom ea«h heap^ into which 
the original heap is subdivided, seveml shovelfhls of ore are taken, ara the whole 
placed on a plato of iron six feet square, having sidee three indiea high. 

The eample ie ihsn well mixed together, and again divided iato qouten^ nUMfl 
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■nd fubdividod if nocaiMi^ in the lame manner m already deeoril^ vntii one qinter 
of the pile in reduced to a weight of 26 or 80 lb. When thie ie done, a man tame 
hie bra againet the eample, and the offlcere in ehaxge mark the dirieioni on^eopa- 
rate heapt' 1, 2, 8, 4 {Jiff, 2414). The man then oalle out whieh heap in to bo rqeoled ; 
if ^MQond/ then 3 and 4 are xqeeted and 1 and 8 eonetitute the eample. The sample 
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is then taken into the sampling-hooso, and, by means of a larM pestle and mortar 
{/iff. 2416), reduced to grains not ezc^ing one-flfth of an inch in diameter. After 
passing the reduced ore through a sieve (Jiff. 2416), it is again divided by (quartering 
the houp in the maimer already describeil, until the quantity is 6 or 6 lb. in weight, 
according to the number of samples requir^ to be sent to the smelters. 
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This latter quantity {6 or 6 lb.) is then reduced so as to pass through a sieve (Jiff, 
2417), A, perforated with holes ^ mm. diameter, or a coarser sieve, b. Should the 
cobbed ore, sieve, or fine raggings, be moist, through exposure to the rain or other cause, 
the samples may be readily dried by placing them in a copper pan over the fire. A 
similar method is also observed in dividing, pulverising, and taking the samples of the 
slimes. When, however, the sample from the latter ore is already well mixed, about 
6 lb. is spread upon the bottom of the iron plate, and from sevem places a spoonful 
of ore is taken and put into a small bag. Each sample from 6 to 6 lb. in weight is then 
drie^ pulveiued, and passed through a wire or mnorated ^ mm. hole-sieve. A slip 
of paper describing the ore is then put into each of the bags, which bags are then taJken 
to the 0000, where the process of sample cartridges is thus earned out. 

(1.) Each bag is separately emptied into a copper pan and again well stixred and 
(2.) The sample cartridges are now filled and both ends sealed. (3.) On 
eiM^ eartrid^, about 7 inches long and 1 inch in diameter, is endorsed the deeCTption 
and estimated weight at the parcel of ore, also date of intended sole. The cartridges are 
simply madft of foolscap paper, one sheet being sufficient for two cartridges.^ The paper 
is rolled on a piece of round wood and the outer edge glued to the cylindrical surface. 

Tatlob’s iSrtm Dmmng A/iio6tws.— This apparatus, designed by Mr. HmiRT E. 
TataoBi is in use at various mines under his ^rsunal management, and also at other 
minaa conducted by Messrs. Jokn Tatlob and Sows. 

The oinect of the machine is to wash and separate ores and substances of difibrent 
specific gravities, to sise vein-stufF reduced by the orushing and stamping mill, to 
separate oree from their gangue, and to remove slime from fine sand before the latter 
is mtrodnoed to the jiggers. 
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The foll(miiig doscription of the appamtus and remarke in reference thereto are h« 
the inventor : — 

*The machine consiete of an arrangement of conical drums telescopicallj flaed 
ififfa. 2418 and 2419), and mounted on friction rollers or on a horizontal azie, so ae to 
allow of their being rotated. In the interior of these drums is a variaUe screw-threadt 



the pitch and depth of the threads being greatest at the larger and gradually 
diminishing towards the smaller end. At the smaller or higher end of each drum is 
introduced a stream of water. 

' A is a hopper into which the materials are thrown which require separation, n is 
a worm driven by a shaft and cone pulley, as shown on the drawing, for delivering 
a regular eupply into the machine, c is a cone which traverses the material into the 

desired position in the first 
cone, D. D, d', d*, are conical 
drums, and in their inner sur- 
face is formed the screw-thread, 
B, B, X, the number and pitch of 
which can be varied uath the 
quality of the material it is 
proposed to treat, i, j, are 
rollers supporting the cones, 
and upon which they revolve, 
the drams being driven by a 
belt at V, or by any c^er 
suitable means, m, x*, x*, are 
pipes conveying the water into 
the interior of the machine, 
the supply being controlled by 
the plugs, L, L*, L*. 

* The material, in the quan- 
tity found best by experience, 
is first conveyed into the hop- 
per, thence fed by the worm 
into the cone, which traverses 
it to the desired position with- 
in the drum, d. Upon the 
machine being rotated the ten- 
dency of the thrMds of the 
screw, B, is to carry the ma- 
terial up the inclined elope of 
the dram, but meeti^ with the stream of water issuing from the pipe, x, a separat- 
ing action is produced, the rotary motion of the machine exposing all the partides 
over and over again to the action of the water ; the lighter ones, being washed over 'tbe 
notches formed by the threads, are deposited at s, i^ile the heavier particles or ore. 
gradually settling in the spaces between tbe threads, are carried up against the 
stream and deposited in the next drum, n'. The same result is pi^uced in tUs drum 
after the first partial separation in drum i>, but in a more marked decree, the thr^e 
of the screw being of finer pitch and not so deep, and, tbe slope of the sides beiiig 
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greaUr» the capacity of the spaoes between the threada ie leas, and owing to the 
%itoh of screw, the material is loft a longer time exposed to the action of the 
water issuing from the pipe, and so a more complete sepamtion is obtained. The 
same 'result is produced in i>* upon the stuff carried up to the separation being 
still more thorough, owing to the similar construction of screw-threads and riope of 
cone sides. 

* To promote still further the separating action of the machine, the screw-threadf* 
in the lower ends of the drums are deeper than the threads at the smaller end, so that, 
although the material fed into the machine may All the threads in the larger end of 
the cone — by reason of the rotary motion — this quantity is constantly being compelled 
to overflow the threads higher up, and so the water is able to overcome any largo 
particles which might otherwise by their size, independent of their specific gravity, be 
carried up in the thread. The conical form of the drums is also especially designed 
to assist in a most important manner the action of the water by albwing the stream, 
whicli is deop, contracted, and consequently rapid, when flowing over the heaviest 
particles at the smaller end, to gradu^ly spread itself out, decrease in rapidity and 
liepth, and so give time for small grains of heavy material to settle themselves again 
in the threads, instead of being washed down with the lighter particles. If the* 
niacdime wore made cylindrical this property would be lost. The dresser can be ad- 
justed with the greatest delicacy to suit the different wants of ore sep^tion in a 
varif'ty of ways ; by altering the flow of water, the speed of the machine, and the 
angle which the lower portion of the cones form with the horizon. Thus the machine 
will be seen to be eminently adapted for the separation of ores from their gangue and 
coal Irom its impurities : — 

‘ 1. By the action of the water, washing the material over the notches of the serew- 
tlireads, by which the heaviest particles are intercepted. 

‘ 2. The rotary motion, and the variable depth and pitch of threads, continually 
exposing the whole of the particles to the power of water. 

‘ 3. The almost infinite means of adjustment which are at hand. 

* 4. The small quantity of water required, and of power necessary, with the conse- 
quent freedom from wear and tear. 

‘ 6. The extreme simplicity of the machine, reducing hand-labour to a minimum. 

* Dressers 3 feet in diameter at the largest extremity of the cone have been con- 
structed, and are in sucoessM operation at the Mdixba Halvaxs Dbbssino Company’s 
works, near Wrexham. These machines are now treating successfully the Jig stuff, 
containing only 2 per cent, of blende, and are capable of getting through 8 tons per 
hour. The quantity of water used in the operation is conveyed by a pipe inch in 
diameter, with about 10 feet head, so that a most favourable comparison is made in 
this important item alone with other dressing-machines.’ 

The following remarks (Sampling Orbs in Colobado, by T. Eolbston, Ph.D.) are 
reprinted from Engineering, December 16, 1876 : — 

* The European methods of sampling ores by hand are long and tedious, and with 
the high price of labour in Color^o expensive. A great many attempts have, there- 
fore, been made to do this work mechanically, and thus\void the labour. Of the 
numerous expedients which have been devised for doing this work, some have been 
more at less in^nious and more or less successful. The object of all of them has 
been to secure directly from the crusher a given part — in most cases a tenth-- of a 
ton of ore thoroughly mixed, so as to represent the average value of the whole. There 
are several ingenious ways of doing this in Colorado, two of which X pronose to de- 
scribe ; one being employed at the Lisbanon Mine, under the direction of Dr. Pohlb, 
and the other at Bbnnbts Sampling Works. 

* At the Lbhanon Minb Company’s works the ore ftrom the crusher is raised by an 
endless chain, and is charged into a bin, from the bottom of which a ftinnel, a (jige, 
2420 and 2421), 12 indies high and 20 inches in diameter at the top, with an opening 
2 inches in diamdter at the oottom, discharges the ore over the sampler, b o. This 
frinnel is covered with a coarse icreen to keep out pieces of ore of too huge a size, 
pieces of wood, leather, or any other material which should not pass over the sampler 
nut which might be carried np by the chain. The sampler consists of a cone, b, the 
apex of which is exactly in the centre of the disoha^ tube of the frinnel, and 2| 
inches below it. This cone is 20 inches high and 24 inches in diameter at its base. 
At this point another cone, c, is secnrely fastened to it by its base, and from the small 
end of the lower cone a discharge-pipe 2 inches in diameter leads to a wooden recep- 
tacle below. The upper cone has four holes at equal distances, these commencing at 
10 inches from its apex. They are 1 inch wide at the top and 8 inches at the bothnn, 
and 0 indies long. ATI of the ore discharged into the upper frinnel foils over this 
npper cone, and pturt of it passes through these holes and frills into the reoentaMdey 
whare it is eoUeeted. The rise of these holes is such that the samjde obtainea will 
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be 8 per oeiit. of the ore. They can, however, be arranged to give a larger or emalle* 
eupply by inoreaaiDg or diminiehing their eiae. It ie necessary to have a considerable 



Plan B.C. 


nnmber of extra caps for the cone, as the ore falling constantly upon them wears them 
out rapidly, and they must be replaced. All of the ore which is discharged from the 
cone goes into a bin to be bogged for shipment. 

' When the whole of the ore to be sampled has passed over the sampler, the first 
sample collected is thrown back again into the upper hopper, and this is repeated 
several times until it is reduced to about 40 lb. It is then passed through a sieve of 
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forty to the inch, and the ordinary sample for assay taken of it. All the rest of tbs 
first sample is bagged to be sold or treated. 

* At Bbnxr's Mill the sample is taken somewhat diflbrently. The ore is nised to 
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two Oonidi rolls, a (^. 8422 and 2428), from vhieh it is disehai]^ into a hoppsr. 
.Ws hopper has a trough at the bottom which is provided with a sknting shelf, n, at 
an angle of fiO^, which is divided into nine equal parts, six of which open on to another 
inclioad shelf, o. At the end of the shelf, b, an opening one-half times as wide as 
the openings in the shelf leads down to the disehargin^-trongh, j. The shelf, o, has 
the same angle of inclination as the shelf, b, but is at right angles to it, and is divided 
into ten oqu^ parts with five openings. The ore which passes over this shelf is dis- 
charged into the slide, j. What passes thiough it is discharged on to another shelf, 
H, at right angles to o, but with the same inclination and parallel to the shelf, b. 
This shelf is also divided into ten equal parts with five openings. What passes 
over it goes to the discharge-spout, J, and wnat goes through it goes to the sample- 
spout, 1 , where it is collected and the assay sample taken from it. 

‘ The whole of the ore from the sampler is carefully made into a conical pile. From 
different parts of it vrith a motion tovraids the centre, and up and down from the 
huttom and diagonally across, samples are taken with a scoop {fy. 2424). When the 
pile is very much broken and has lost its shape, it is turned over and reformed, and 
the operation commenced again, and continued until the material collected amounts 
to a pailM. It is then poured, for the convenience of handling it, into an ordinary 
miner’s gold pan, which is 10 inches in diameter at the top, 10 inches at the bottom, 

3 inches high, and is then turned on to a box made of tin, 17 inches sqime, 
divided into sevontoen divisions 1 inch wide (see/^. 242A). Fight of these divisions 
have bottoms and catch the ore, and nine are o^n and allow the ore to fall (m to 
the floor. When the box is filled with ore itis made even on the top, the residue 
fulling from the sides, if any. being carefully collected and put back into the pan ; 
the Imx is then lifted, and what remains on the floor is returned to the ore-bin. 
What remains in the box is put on one side. This operation is repeated until the 
sample is exhausted. What has been collected in the boxes is now put through 
another box of the same kind, which is 12 inches square, 3 inches high, and has 
twenty-three divisions, ten of which catch the ore. What remains in the box is put 
on one side as before, and the rest returned to the ore-bin. The sample collected 
is thrown on to a sieve, which has a wooden frame 16 inches by 12 inches, and 
4j| inches high. This sieve is throe to the inch. * What will not pass the sieve is 
broken on the cast-iron plate, which is 60 inches square and 1 inch thick, with a 
grinder, to which a backward and forward motion is given. This grinder is cast flat, 
but is rapidly worn, so as to have a rounded surface, as shown in fig. 2427. The 
ground ore is then returned to the box shown by fig. 2426, and put though two or 
three times, depending on the size of the sample. It will then have been reduced to 
3 lb. or 4 lb. What has remained in the box is poured on to a sieve, which has a tin 
frame, and is 12 inches in diameter, 3^ inches high, and has fourteen meshes to the 
inch. What does not go through is again ground, and is added to what has already 
passed. It is then thoroughly mixed in the pan {fig. 2424) with a suitable shovel, 
and Bgain put through the box shown by fig. 2426. The sample will now be reduced 
to a little less than a pint. It is emptied through the j^nei {Jig. 2428) into a can, 
and goes to the assay ofl6ce. At the assay office it is still furtW reduc^ in bulk. 
The assay office sampler is like those shown by figt. 2422 and 2428, but it is much 
smaller. It is 7 inchat by 6 inches and 4 inch high, and has six divisions to catch 
the ore, and seven open ones. The sarnie is put through these until it is reduced 
one-half. It ii then ground with a small grinder {Jig. 2481) on a cast-iron plate 20 
inches by 18 inches and 1 ioeh thick, which is surrounded oy a wooden frame which 
Pjmjects about 1 inch above the top, and fits it so loosely that it can be easily removed. 

ground ore is now put through a seventy to the inch sieve, and is then ready for 
the ordini^ assay. This method of sampling appears complicated from the descrip- 
tion. It is, however, very simple, and the sample is very quickly token. The method 
is very easily learned by any workman who has intelligence enough to work around a 
sampling mill The apparatus required is very inexpensive, and the sample is much 
more likely to represent the real value of the ore than samples which are taken in 
the usual way. 

ConikmouM Ore Woelm . — The apparatus illustrated is in operation at the Burra 
Burra Mines, South Aintralia. It is employed at that pl^ for the purpose 
of disint^mting a semi-indumted day, liberating therefrom small nodules sod 
lArge grams of blue carbonate of copper, so as to prepare the latter ore for the 
jiners. The lo^tudinal section, fig. 2482, shows the apparatus to oonsist ai an 
inlet hopper, so inclined semicircular trough, a revolving shaft, oanyinff a eeries of 
paddles spseiaUy arranged on the shaft, discharging scoops, and a trommel for dividing 
the stuflr previous to its entrance into jiggers, the latter apparatus not being shown. 
The action of the apparatus is as follows Stuff is introduced to the lower end of tha 
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trough thrangh the homr, the etaifis earrled by means of the paddles to the headrof 
the trough against the flow of the water until it is delivered into the scoop receptacle^ 
when it u lifted oyer the edge of the trough and falls into the trommel. Water is 
introduced to the trough by means of a cock, as shown 
F%g, 2488 shows a section of the trough through the line ab, ^xAfig, 2484 shows a 
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•eoond section through the line on. The shaft and paddles reyolye about 12 times 
per minute. The len^ of the trough is 14 ft, width across the top 8 ft 6 in. The 
scrapers ore set at on oimle of 48° to the line of the circumferential moyement 
Obbm's Beff-AcHug Minerdl DrtBtimg Maehvim --The following description will 
oooyey a oorre^ idea of the principles inyolved in Obum's dressing machines. The 
accompanying engiayings sb^, fig, 2485 a plan, and fig, 2486 an eleyation of the 
seLf-actiog dressing floors os usually ananged for work. 

A, fig, 2486, is a crushing mill, with rollers of a sue suited to the nature or daily 
quantity of stuff to be treated — generally about 28 in. diameter hy about 14 in. 
Wide, into which the stuff spall^ or broken down by a stonebreaker, to about 
eube is put This crusher nu^ be driyen by an ordinaiy wotoS'Wheel, 
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ai gnown in 2436, or by s steam engine other suitable motor ; whilst all the 
dressiug maohines are driren, by preference, by a separate motive power. 
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The crushing mill is usually — i.« where the nature of the ground whereon the 
floors are ereotM admits— placed at an altitude above the dressing machines, so as to 
ensure the crushed and classified ore stuff being carried, partly by its own gravita- 
tion but principally by the force of the water current, into e^ of the mi^iiie^ro- 
vided for its aeparate treatment, according to the of dasai^tion. Thus, 
the crushed ores should be plentifully s^^lied with water, which is not only tha 
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whereby the eeparation of their cooetituenta ia effoeted, but alao aeryea ao 
the Tehide for their oooveyanoe from one apparatua to another. 

B ia a reyolring trommel, preferably made in the form of a cylinder, the outer 
aorfiMfl of irhieh ia composed of perforated iron plate, or of metal netting, or other 
auitable material. A perforated pipe, of a length correapondii^ with the length of 
the net-work or perforated surface, ia placed within the olasaifler or riddle, from 
which a apray of clean water ia played upon the ore stuff, to wash through the pw- 
forated aides all the slimes and particles which are finer than the holes. The aiae 
of perforation is determined by the nature of the stuff to be treated. As a general 
»rule, the richer the stuff is in mineral, the larger the perforation, and vice versd. 
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This trommel, b, receives the crushed ore stuff from the trough, a, situated by pre- 
ference immediately under the rollers. The ore stuff delivered into this trommel 
which has been insufiiciently crushed is passed into an elevator, Jiff. 2436, through 
a shoot, 6, which re*delivers the stuff into the crushing mill, while all that passes 
through the perforations of the trommel, n, is delivered into a trough, 6, which con- 
veys it on to the slime cone. The trommels enlarged are shown, 2438. 

The alime cone is an apparatus introduced specially tor extracting the dead slimes 
from the coarser or granular portions of the crushed stuff, which is delivered into it 
from a shoot, duct, or launder, leading from the first trommel, b. It is made of 
either wood or iron, and preferentially of an inverted conical or pyramidal form, and 
is situated between the first and second revolving trommels, B and c, whence it dis- 
charges ^1 the stuff that passes through it, beneath into a duct or launder leading to 
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the trommel, o, whilst the extracted slimes, overflowing at the top, are conveyed by a 
separate launder to the water-current claeeiflers, f, o, h, i, x, J^. 2436, 

o, D, s, aira three trommels, similar to n. Each of these trommels is covered wi*h 
perforated iron plate ot netting, of a suitable sized perforation to suit the flnt 
trommel, b, the perforation or mesh of each one being mier than the one next before 
it, so that B, the first, has the coarsest perforations, and a, the fourth and last.pne 
shown on ths drawingt the finest perforations. More or fewer of these tzommela insij 
be used, according to the nature of the stuff to be treated, and the quantity to be 
op^ted upon in a ^ven time. 

Tne ore stuff which has passed through the perforations of the first trommali nod 
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hM bMD daliTttred into the troagb, 6, is thenee led into the eline oone, irhere it in 
Operated upon as descriUed above^ and thence into the oloseifler, c, and from it into 
the clamdfter, n. and so into x, and similarlj throuj^ an^ number of classifiers ; irhat 
passes through the sides of any one olassLfter being led by the troughs, d, #, into 
.the next beyond of the series. Fig. 2487 is an enlaced view of troughs. 

The rsTolving trommels may be rotated in any suitable manner. It has been usual 
to make the lowest trommel rotate by means of a bevel wheel on its lower trunnion, 
actuated by a bevel pinion on a transverse shaft, driven by a belt and pulley from 
the main driving shaft. 

Water may also be discharged into the troughs, if necessary, to assist in carrying 
forward the ore stuff, and the trommels may be fitted with internal flanges to rn|m 
the piogreee of the stuff through thorn, and thus facilitate the thorough separation of 
the slimes from the granulated portions, and the various granulated sizes from eaeh 
other. Thus, all that passes through the prorated plate of one tronund is dis- 
charged into the next in succession, while a sized product is discharged at the end of 
each trommel into iron troughs or shoots, e, d, and e, which convey it into a suitable 
jigging machine. 

The jigging machines ore represented in the drawings at o, d, n, v, o, h, fig. 2488. 
Out of trough surrounding the last of the trommels, all the slimes and finer particles 
are discharged into a launder or duct. This carriee them to be treated apart trom the 
' rougha ' or larger particles in f, o, h, i, and x, which are what are known as water 
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current or saddleback classifiers and feeders, made by preference with inclined sides, 
meeting in an inverted pyramidal form at the bottom.^ (Ftgs. 2480 and 2440 are 
enlarg^ views.) A current of water, with the elimee, &c., delivered by the laet 
revolving trommel, flows into a saddleback classifier at one end, deposits its euspeuded 
matter, and flows off at the other end into a second larger classifier, and similarly 
onwards to the others. 

These dassiflers are of graduated sizes, the first in order, n, being the smallest ; 
and the current flows through them at different velocities, so that in the ^st and 
smallest, the current being the etrongest, the largest particles are deposited, the 
smaller ones in the next, and so on. The smalier ciaesiflors are provided with 
water pipes, attached at the bottom, and arranged so as to deliver a spray of clean 
water, acting upon the slimes in such a manner as to permit only of the laigex* 
particles precipitating, whilst the finer are carried forward to the last and largest 
classifier, where the current ie very slow, and almost stagnant. No pipes tor clean 
water are attached here, ooneequentl^ all the ore worth saving will be deposited 
in this, the classifier being made eufiftciently large to ensure this result. 

The classified stuff from f, o, s, is, or may be delivered by the troughs, /, h, 
into the jiggers, f, o, h, and the stuff from i, x, through troughs, i, k, into either 
buddlea or trunks, as shown in fig, 2436. The jiggers, o, d , b , f , o , b , which 
receive the stuff ddivered by the classifiers as explained above, are constraoted as 
fellows >- 

The jigm oomprises a horizontal hutch, made of wood or iron, which ie divided 
into two, wree, four, or more compartments, by transverse ends and partitions. A 
▼ertieal partition extends along the upper part of the compartments, and on one aida 
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thweof aM a let of plungers or pistons, to produce the jigging motion of the water, 
whilst a series of sieves are plac^ on the other side. The sieves are placed in the 
sttocessiva pspipartmeute, ea^ at a slightly lower level than the one beihre it. On 
top of the tuitions there are fixed a number of standards, to cany a longitudinal 
shaft, on which excentrics are fixed, which being connected by rods to the plunj^ers 
or pistons, operate such plungers, and put the water in motion ; but other mechanical 
means may be used for producing the action of the plungers. The separation of the 
materials in the jiggers is effected by the jigging action of the water with which the 
hutch is filled, and which is made to work up and down through the sieves on the 
other side of the jiggers, by the plungers. A layer of ore is deposited in the sieves, 
which has the effect of allowing particles of the same specific gravity as itself to pass 
through it and the sieve, while it keeps back any particles of less specific gravity, 
which last are gradually washed over the end from one compartment into the next 
lower one, through openings between the compartments, the light waste from the last 
compartment finally passing away. A. suitable appliance fur regulating the stroke of 
each plunger is attached. 

The granular heterogeneous stuff separated by the jiggers, and known as ‘ rag- 
gings,’ may bo subjected to a series of stamps of any kind, and the pulveris^ 
marerial from the stamps returned to one of the trommels, say the next to the last 
or lowest. Buddies, or other efficient slime machines, may be attached to the larger 
classifiers, and the stuff flowing in a perfectly even current from the bottom of such 
classifier on to each separate buddle, makes them quite self-acting, and very effective. 
All the labour required is to raise the dopobited ore out of the jigger receiving bux, 
and off the beds uf buddies, to make room for other deposits 

The finest, or dead slimeb, are worked by an ordinary p.iddle trunk, oi^ther slime 
washer. The whole apparatus is complete and continuous, and worked without 
labour, each distinct sizra product having an apparatus suited in speed and action fur 
its tre'itnient. The crashing mill, and flrat classifier, b, are in some cases arranged at 
a lower level, and the crushed stuff from them is then conveyed to the next trommel 
by any conveuient elevator. It may also in some cases be more convenient to arrange 
some of the trommels at right angles to the others. The precise details above 
given may in msny cases be readily varied to suit local circumstances, without de- 
parting from the general arrangements now described. What is claimed as the 
leadixtt features of the arrangement are as follows ; — 

1. The combination of the croshizig mill, slime cone, revolving trommels and 
saddleback classifiers, jigging machines, shme washers, and buddies, arranged and 
operated substantially as desezibed. 

2. The combination of a series of revolving trommels, with meshes or perforations 
of different and graduated sizes, and water current or saddleback classifiers of different 
sizes, so that the material may be separately treated in accordance with the classifi- 
cation. substantially as and for the purpose described. 

3. The combination of revolving trommels with the jiggers, arranged so that each 
trommel will deliver to a separate jigger a sized product. 

4. The combination with classifiers, or some of them, of a pipe to admit a stream 
or spray of water to cany off the slimes. 

6. The arrangement of the apparatus, consisting of crushing mill, duets, or troughs, 
classifiers and jiggers, so situatM with reference to each other that the matenale 
treated may be conveyed from stage to stage by streams of water, and with the least 
possible handling or manual labour. 

IMlPOSTaB. An Jooouni of the QuanHHee and Value of Oh and 
Regvlue imported into the UnUed Kingdom in the Year 1876, diatinguiehing the Porta 
into which imported:— 
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6PJ 


Forta into which 

Copper Ore 

Copper Begulna 

Gtold Ore 

Iron Ore (ln> 
eluding Ohrome>)i 


. imported 

Quftn- 

Utiea 

Value 

(3uan- 

titles 

Value 

Quan 

titles 

Value 

(Quan- 

tities 

Velue 

Quan- 

tities 

1 

Value 


Tons 

£ 

Tom 

£ 

Tone 

£ 

Tons 

£ 

Tons 

£ 

Orimshy . • 



— 

— 

— 

— 

— 

87 

108 

— 

- 

Hartlepool . 

_ 

— 

— 

— 

— 

— 

2,206 

6,410 

— 

— 

Hull . 

137 

1,277 

42 

9.470 

— 

— 

32,768 

44,986 

— 

— 

Ipawich . • 




— 

... 

— 


20 

60 


— 

Llanelly 

1,010 

19,(00 

— 


-- 

— 

1,964 

1,740 

6,797 

87,048 

Maldon 


- - 

— 


— 

— 

40 

820 

— 

— 

MiddleHbnruiigh 

— 


— 

— 

— 

— 

20,282 

20,117 

— 

— 

NrwrHfltlr 

48 

90U 

2,466 

71,809 

— 

— 

.'4,299 

60,286 

61 

1 012 

Newport 

— 

— 

— 

— 

— 

— 

169,688 

167,624 

— 

— 

Shields, North 

— 

— 

— 

— 


— 

9,90*) 

16,267 

— 

— 

„ South 

— 

— 

1,042 

31,278 

— 

— 

12,706 

14,087 

— 

— 

Southampton 

2,777 

33, MOO 

— 

— 

— 

— 

11 

27 

— 

— 

Stockton 

* 

P— 

— 

— 

— 

— 

860 

860 

— 

— 

Suiidoilarid 

— 

— 

— 

— 

— > 

— 

18,849 

16,667 

— 

— 

Mwutiuoa 

04,013 

67(1,649 

18,163 

460,607 

— 

— 

61,026 

66,674 

1,767 

9,764 

W Islxjfioh . 




— 

— 

_ 

— 

80 

100 

— 

— 

Workiiiglon 

— 


— 

— 

— 

— 

8,291 

4,010 

— 

— 

Yarmoutli 

— 

- 

— 

— 

— 


80 

16 

— 

— 

^1 broitth 

_ 


_ 




- 

26 

185 

_ 


Ardroasan 


— 

— 

— 

— 

— 

18,880 

63,9.61 

- 

— 

A\r 

— 

— 

— 


— 

— 

062 

912 

— 

— 

Durrowstonesa 

— 

— 

— 

— 

— 

— 

726 

390 

- 

— 

Dundee 

— 

— 

— 

— 

— 

— 

162 

1,160 


— 

Olawgow 

10 

72 

— 

— 

— 

— 

19,364 

37,444 

— 

— 

Ciiunpeinouth 

— 

— 

— 

— 

— 

— - 

62 

206 

— 

— 

ilreenock 

— 

— 

— 


— * 

— 

712 

864 

— 


Elikcaldy . 

— 

— 

— 

— 

— 

— 

86 

86 

— 

' — 

Leith 

-> 

— 

— 



— 

869 

1,076 

— 

— 

Montroac . 





— 

— 

— 

— 

160 

1,600 

— 


Troon . 

— 

— 

— 

— 

— 

— 

82,210 

47,790 

— 

— 

Total 

74,979 

938,008 

27.878 

1,026,214 

60 

27,690 

672,286 

796,610 

12,632 

176,187 


An Account of the Quantities and Value of Ore and Eegulua imported — continued. 


Ports Into 
which Im- 


Manganese 

Pyrites of Iron or 
Copper and 
Sulphur Ore 

Silver 

Ore 

Tin Ore 

Zinc Ore 

— 

Ore 

Unenumerated 

ported 


Qunn- 

tittCU 

Value 

Quan- 

tities 

Value 

Value 

Quan- 

tities 

Value 

Quan- 

tities 

Velup 

Quan- 

tities 

— 

Value 

London . 


Tons 

2,081 

£ 

10,890 

lone 

88,988 

£ 

90,900 

£ 

19,100 

Tons 

103 

£ 

6^894 

Tons 

2 

£ 

20 

Tons 

6,446 

£ 

148,391 

Liverpool 


4,000 

20,b4l 

169,644 

399,396 

140,800 

289 

8,623 

123 

849 

142 

4,618 

Barrow . 


— 

— 

146 

431 


— 

— 

_ 



— 

Beaumaris 



— 

1,097 

2,078 

— 

— 

— 

— 

_ 

— 

— 

Berwlok 


— 

— 

6,666 

4,826 


— 

— 

— 

— 

— 

— 

Bridgewater 



— 

616 

l.S'M) 

— 

— 

— 

— 

— 

— 

— 

Bristol . 


1 

6 

9,984 

24,978 

390 

— 

— 



3 

120 

Cardiff . 


— 

— 

16,663 

83,899 



— 

- 



387 

8,090 

Carllrie . 


— 

— 

1,734 

4,902 

— 

— 

— 


_ 


— 

Chester 


197 

493 

1,166 

1,160 

— 


— 




_ 

— 

Exeter . 


— 

— 

9,816 

4,630 

— 

— 

— 

— 

i — 

_ 

— 

PolkfcStone 


— 

— 


— 

— 

— 


82 

86 

Gloucester 



_ 

1,690 

4,226 

— 

— 

— 

— 

... 


— 

Goole . 


1 

18 

948 

2,101 

— 

— 

— 

— 

... 

160 

720 

Grimsby 


... 

— 

— 

— 

— 

— 

— 

7 

68 

— 

— 

Hartlepool 



— 

600 

2,000 

— 

— 

— 

— 

— 


— 

Harwich 



_ 

770 

1,916 

81 

— 

— 

— 

- 

— 

— - 

Hull . 


17 

996 

91,987 

62,678 

660 

— 

— 


— 

1,612 

19,861 

Ipewloh 




10,227 

88,846 

— 

— 


— 

— 

— 

— 

Llanelly 


lio 

60 

— 

.. 

— 

— 

— 

— 

126 

'm 

Lowestoft 


__ 


260 

800 

— 

— 


— 

— 

Lynn . 



— 

4,041 

8,894 

— 

— 

•— 

— 

— 

— 

— 

Middles- ) 
borough r 
NewciwUe 



— 

498 

400 

— 

— 

— 

— 


14 

17 


846 

9,616 

93,270 

914,881 

181,188 


— 

846 

1,626 

70 

680 

Newhaten 




— 

— 

— 

— 

— 

— 

1 

98 

Newport 


— 


00 

90 

— - 

— 

— 

— 

— 

— • 


Padetow 


_ 


891 

400 

— 

— 

— 

— 


“ 


Flymonth 



... 

7,018 

81,864 

— 


— 

— 

— 

“ 

— 

Rnaoom 




6,660 

16,650 

— 

— 

— 

— 




8hldde»K. 




17,040 

81,606 


— 

— 

m 

•— 



N B* 


960 

660 

86,811 

69,699 

86,900 

— 

— 

1,(M0 

"" 
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Fcrtii^ 
wMoh £• 

■’Xangeneie 

Pyritee of Iron or 
Copper and 
Sulphur Ore 

Silver 

Die 

Tin On 

Zinc On 

1 

On 

Unennnerated 

ported 

4 

Quan- 

tities 

Value 

Quan- 

tities 

Value 

Value 

Quail- 

titles 

Value 

Qubji- 

Uties 

Vsluo 

Qian- 

tliles 

Value 


Tons 

£ 

Tons 

£ 

£ 

Tons 

£ 

Tons 

£ 

Tons 

£ 

fionthampton 

168 

EMI 

530 

1,690 

18,200 

— 

— 

— 

— 

788 

64,489 

Bunderlond 





2,113 

2,778 





— 


— 

— 


Bwuiiea 

— 

— 

6,379 

16,284 

64,660 

— 

— 

9,448 

44,312 

4,800 

87,464 

Truro . 

— 


1,641 

7,707 


— 

— 


— 

— 

— 

Tsnnonth 

— 

— 

608 

1,861 

— 

— 

— 

— 

— 

— 


Aberdeen 




1,003 

8,8.‘!2 

24,890 





__ 

_ 

— 

_ 

Ardroeson 

— 

— 

13,446 

— 

— 

— 

— 

- 

— 

— 

Ayr 

— 

— 

280 

MO 

— 

— 

— 

— 



— 

— 

Borrowstonege 

— 

— 

966 

1,966 

— 

— 

— 

— 

— 

— 

— 

Dundee . 

— 

— 

1,076 

8,940 

— 

— 

— 

— 

— 

— 

— 

Olaagow 

1,378 

7,U7 

lO.OOH 

61,750 

3,966 


— 

1,472 

8,H12 

— 

— 

(Grangemouth 

— 

— 

4,667 

9,479 

— 

— 

— 

— 

— 

— 

— 

Oranton 

— 

— 

I 

4 

— • 

— 

— 

— 

— 

-- 


Invemees 

_ 

— 

1,879 

1,403 

— 

— 

— 

— 

— 

— 

— 

Leith . 

— 

— 

2,2»3 

6,167 

— 

— 

— 

— 

— 

61 

176 

Montroee 

— 

— 

276 

800 

— 

— 

— 

— 

— 


— 

Belfaet . 


_ 

2,168 

2,870 





_ 


_ 

1 


Oork . 

— 

_ 

2,003 

6,208 

27,426 

— 

— 

— 

— 

— 

— 

— 


— - 

— 

10,683 

— 

— 


— 

— 

— 

— 

Qalway . 

— 

— 

148 

888 

— 

— 

— 

- 

— 



Totel 

8,91i 

44,669 

604,762 

1,206,799 

499,776 

842 

13,017 

11,663 

66,621 

IS, 81 

270,282 


08BIZVM. Oaminm, as obtained by MM. St. Clair Dbvillr and H. Bkbkat, 
has a fine bine colour shaded with grey. It forms small crystals, either cubic or 
rhombohedric, closely bordering upon the cubic form. It is harder than glass, vhich 
it scratches with east). It is the heayiest body known; its sp. gr. buiug 22 477. 
Crystalline osmium is obtained by passing the vapour of osmic acid repeatedly 
rectified over pure carbon. The sesquioxide of osmium is frequently deposited in the 
tube in crystalline scales of a fine coppery red. It is permanent in the air, and con- 
sists of — 

Osmium 89’ 18 

Oxygen 10 87 


lOO'OO 

Cofnptea Rmdus, May, 1870. 

OBMXmt-ZUBXirM. This compound is veiv commonly met with in the 
auriferous and other drifts of New bouth Wales, in tne form of minute grains and 
scales. 

Prof. LivBBfliixiB has observed it in the gem-sand at Bingera, Mudgee, Bathunti 
and other places. 

Its presence in alluvial gold is occasionally a source of trouble at the Mint, for 
minute grains are often mechanically enclosed by the ^old in melting, which by 
their hardness speedily destroy tlio dies daring the operation of coining. 

OKOXmira. The following account ^ the mineral oil and wax (osokerite) 
industiy in Qalicia is an abstract of a paper written by Eduard Wwdaxibwigs : — 

* The author has published an exhaustive report upon the present mode of working 
the oil and wax deposits of dalicia, having made a thorough inspection of them in 
various localities, with a view to suggesting improvements in their working, and in 
the welfare of the miners. There are nine districts of Qalicia where oil and mineral 
wax are obtained, the principal being Boryslaw. About twelve thousand different 
shafts or pits exist, of which about four or five thousand are still being worked, and 
of these three thousand two hundred are at Boryslaw. The ground is divided into 
small lots, belonging for the most part to different r wneiw, who let or work the pits 
themselves. The shafts are very close to one another, and generally, in Boryslaw, 
only 18 to 2fi fathoms deep, the deepest being 06 farhoms. In 1873, there was 
obtained in Boryslaw. with nine thousand labourers, 826,000 cwt. of wax and 
200,000 cwt. of orode oil; while in WoUnka 26,000 cwt of wax and 20,000 owt. of 
oil were obtained— valued together at 462,0001. 

* Some of the pits at Boryslaw are worked by one company, others by two or three 
laige firms, a considerable number by their own proprietors, and the rest hj small 
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guiM of men who oontrect fa their Uboor. The Jewe, who form a great primoittOB 
of l£e populace, are actiyely engaged in the oil and wax induetrr. ^ . 

* The method of working ia to dig a vertical shaft down to toe plastfe olinr, when, 
if. the soil ia favourable, and the water trifling, the aidea are planked wim 2-inch 
hoards ; otherwise atron^rar protection ia necessary. So far as the clay soil extends, 
the walls are merely flttea with basket-work. The oil is usually found first, and 4khe 
wax at a lower lerel. The sinking of a shaft is, by reason of tne largV .quantitv of 
gas emitted, always carried on with the aid of wo^an ventilators and metal air-tubes, 
without light of any sort, and it is only when cutting out the wax that safety lamps 
are employed. 

'.The miners all wear a girdle, to which is attached a so-called man-line, which ia 
made fast to a windlass above, so that a man may be quickly drawn up should he 
make a danger signal below. The dimensions of the shafts in this district are 26 in. 
by 82 in., and sometimes 37 in. in diameter ; and 20 in. by 86 in. in the case of those 
protected by wicker. 

‘ When oil bus been struck, there is an end to the mining operations for a time. 
The opening is covered with boards, so that the well may not cool, and a primitive 
windlass is lilted above, by means of wbida the oil is lift^ with a metal bucket of 
60-lb, capacity, attached to a wire rope. Thirty-one gallons of oil is the mean yield 
daily of a well, but some give as much as 140 gallons. When the supply stops the 
well is usually made deeper, in order to secure a second yield. Between the marl 
strata and sandstone strata thoro are often deposits of wax, which vary in thickness 
ft'om 1 to 3 inches, and on these being cut die oil flows forth. The low price of crude 
oil renders the wax much sought after ; and in order to reach it, horizontal levels 
have to be made, which are so narrow sometimes as to scarcely admit a man. In the 
larger wax shafts five or more g.ings work at a time, each consisting of four or flve 
men, one pickman cutting the ground, one for drawing stuff to the shaft bottom, two 
at the windlass, and one for sotting its timbers ; further, a boy or womans at the 
ventilator. 

' The method of working, in Boryslaw especially, is open to many objections. The 
waste of labour is great : for every man working in a shaft, there are three or four 
only half employed at the mouth of the well. There are no special precautions to 
carry away the water pumped from the mines, and consequently it is scarcely drawn ' 
out of one pit before it falls into another. The shafts are so close to one another tBat 
two neighbours often touch, if they do not dig vertically, and this is a frequent source 
of dispute. Moreover, the fact that there are so many small owners, each working 
with a minimum of capital, and insufficient supervision, accounts for the loose and 
slipshod way in which the oil wells ore managed. The inhabitants stand veiy low in 
the social scale, and the comparatively liberal wages earned are spent in drunkennesi. 
The dirt and squalor of the Boryslaw district is quite oppressive ; and the noisome 
smells, absence rif proper drainage, the accumulation of petroleum refuse from distil- 
lation, See ., are severely commented upon by Herr Wwdaxibwicz. 

' Both the wax and the oil are refined for the market. The wax is melted in open 
or steam boilers, after being washed and cleaned at a cost of 10 to 30 per cent., and 
then poured into moulds in masses of 1 to 2 cwt., in which condition it is sold. The 
oil is distilled so as to produce a good burning oil. Mineral wax ii obtained for 
about 14s. to 18s. per cwt., and after melting is sold at 22s. to 26s. ; with the oil 
there is far less profit, and for this reason the material has been much neglected, 

' The dangers of working these wells axe due for the most part to the exploaiva 
gasea. The returns for three years ore : — 

1871 1878 1878 

Men killed 24 24 22 

Men severely injured ... 28 12 21 

' The causes are set down to — (1) Too little distance between the wells ; (2) fliulty 
ventilatioa ; (8) employment of tinned iron air-tubes, which on bending mat and 
perish ; (4) shimng of ^e shafts. 

' In some of the districts dynamite is used in sinking and driving, bnt pick and nd 
work is more generally employed. The Boryslaw district seems the moat miserable^ 
80 far aa rega^ the social condition of the minora themselves ; but in some plaeea, 
euoh as Plowoa and Bobrka, the oil indnstryia said to have a beneficial influence upon 
the inhabitants. In Bobrka, the oil is found in sandstone, or rather conglomerate 
with rounded qnarta partides as big aa lentils, in a porons mass perfectly free from 
lime ; thia atone when burned gives off much smoke and a strong smell of petroleum. 
Welle simk 66 ft. hkve yielded 8,000 cwt. of oil per month for a conaiderabla time; 
but altlmugh at the banning their depth wee only 60 to 200 ft., aa the yield beoomei 
ItNMi they ere giada deeper, being dug lometimea 800 to 1,000 ft, A 6 w T-ineh 
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inatraqM&t if u■ad'fb^ boring, and usually worked by steam. The pumps for draw- 
ing off the oQ are tubes, worked sometimes By manual labour and sometimes by 
steam. ^ 

* The irages vary much in Galicia, and depend upon the nature of the work ; half 
a florin (Is.) a day, being a common wage. As to improrements in the mining 
arsHugoments, Herr Winuakibwicb thinks it may be concluded that, notwithstanding 
the amuuutfiPf gas developed from the wax, the latter may be worked with perfect 
safety if ventilators and safety lamps are sufficiently employed under proper regula* 
tions. Whore there is wax there is also oil, but the converse does not hold good ; the 
question whether oil can be got by mining operations is doubtful for several reasons, 
the principal being — (1) That with increase of oil a dangerous increase in gas may 
be expected ; (2) by the admission of air through levels the rock is cooled, and the 
flow of oil may cease, as freezing of the contained paraffin renders it thick ; (3) that 
a sudden or rapid flow of oil would* be dangerous. Mineral wax is not found in 
America, but the oil springs of that country are far more productive than those in 
Galicia. 

‘Herr Windaxibwicz concludes by suggesting that a scientiflc study of the Galicia 
districts should be undertaken, so that Wter plans of working may be devised ; and 
he institutes, Anally, a comparison between the yield of material in those provinces 
and in America.' — Ber^- und Ifuiie?mduisc^ Ja/trluch, vol. xxiii., part 1, pp. 1-133. 

OZOMB. (Vol. iii. p. 408). For several processes for the formation of ozone, 
consult A Dictionary of Chemistry ^ by Hbmhy Watts, Second Supplement, p. 887. 

According to Jonolbt {Compton Rendua^ Ixx. p. 639), nitro-glycerine, dynamite, 
iodide of nitrogen, and chloride of nitrogen, explode in a vessel coiitaimng ozone. 
Powder made with picrate of potassium decomposes slowly, and ordinary ^nupowder 
alters considerably in the course of a few weeks in an atmosphere charged with ozone. 

In the Comptea Rendua, Ixxxii. p. 167, Dm Cahvaluo describes an apparatus ior 
‘ ozonising the unhealthy air of dwelling rooms.' Such air is to be pass^, by means 
of an aspirator, through a tube, in which the silent discharge of a Ruumkorpt's coil 
takes place ; and the author is of opinion that air subjected to this treatment will be 
freed from the organic matter suspended therein, and its hiirmful characters de- 
stroyed, the ozone formed being rapidly used up in the oxidation of the floating 
^anic particles in the air. To this paper are appended some remarks by M. P. 
IrawARD, who says he considers it is high time that not only the public, but learned 
men, should be made acquainted with the erroneous nature of the views generally 
held respecting the action of ozone on oiganisms. So far from having a beuefleent 
effect, ozone is one of the most energetic poisons known ; and the grave accidents 
which have happened in his own laboratory do not leave the slightest room for doubt 
about the matter. While leaving the physiological aspects of the question to 
M. Abnoold Thbnabd, he confines himself to stating that under the influence of 
ozone, even when very largely diluted, the blood corpuscles rapidly cohere, and even 
change their form, the pulse beats more slowly and in so very marked a degree, that 
in the case of a guinea pig, wh«re the beats wore nominally 148 per minute, they fell 
to l-30th after the exposure of the animal for a quarter of on hour to air charged 
with ozone. In the present day, when medicine possesses in a knowledge of tempera- 
tures BO excellent an indication of the stage of a disease, it is possible, he considers, 
that an agent may be found in ozone for controlling them when too high. To intro- 
duce, however, without further consideration, ozone into our rooms with the fallacious 
notion of thereby destroying bad air, is highly dangerous. While the most powerful 
poisons, when rightly administered, constitute some of our best remedies, we must 
mvt have learnt how to apply them, lest we fall into error ns regards the right time 
for application and the strength of the doee. Thenabd asks the question, Are we 
sure tlmt there is ozone in the air ? Its presence in our atmosphere is determined by 
the change in the depth of colour of prepared paper {iodide of atarch, usually). Do 
we know that there are no other substances in air which can affect the paper in the 
same way ? By passing a current of air through a m-blast, WiTTMAifir obtained air 
which acted on the prepared paper as ozonised air does ; while, however, this air dis- 
infected putrid water without rendering it acid, ozone, so it is state^ did not disinfect 
it, but turned it acid. Moreover, it is known that ozone caitiBot exist above 200®, and 
yet the air modified by WiTTMAmr’s method had been exposed to the temperature at 
which ^ass softens. Although he is not prepared to deny the possible presence of 
ozone in the atmosphere, he holds it rash to renrd as proved what is still vam sad 
unoertaio, and, may be, djugerous. While M. P. Thbkabd is quite correct in asawtng 
attention to the dangerous nature of osone, or a modified form of oxjrgen gae* asHfit 
as it has been called, to which, indeed, Sghowbbik drew attention at an aav^ 
periM of Us inqniriea, there can be no doubt but that the ohaaged oxygen, iHUtb w 
called OBOne, dots atta^ and render inert putrid air, and remote oflhniite odonsti 
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M. ItCABii-DAYT employa vith ^ry satis&ctory results a Aiizlartt qf iodide of 
potASsiunt liiiid arseuite of potaBsiunniir entimatiiig osone in the atmouphere. 

• Afper 260 litres of air per hour had been i>asBed for 1 2 hours through two vessels 
Jss^uccessfon, each containing 2K) c.c. of the nitrated liquid, the reaction was found lu 
Wve taken place entirely, or nearly so, in the first vesseL Nitrate of ammonia 
present in the air did not affect the indications. — Coates Bendtu, lizxii^^ 

^ OKOnOBWmATOm. Dr. F.W.BAUTLvrr, of Buffalo, New York, min vented 
and patented an apparatus for generating ozone firom phosphorus. In the first place he 
forms the sticks of phosphorus thin and flat, their 
2441 height varying with the size of the machine and 

tubes employed. 



The walls of the ozone chamber are composed of 
an luuer and outer wall of wire or other open 
work, the inner one of much finer texture than 
the other. Between the two, and surrounding the 
entire chamber, is arranged a porous fabric satu- 
rated with an alkali. 

In the drawings, Jig. 2441 is a vertical and Jig. 
2442 a horizontal section of the ozqne apparatus. 
A is a glass vessel or base, having on its inner face 
a number of projections, as shown in Jig. 2442, which 
have the effect of dividing it into tubes when the 
plunger, b, which is a cylinder of glass, is introduced, 
as seen a.t Jig. 2441. This plunger is hollow, and 
open or closed at the bottom in accordance with 
the method employed for altering the water level. 
If the plunger is raised up and down then the 
bottom is closed, but if the plan shown tn J^. 
2441 is preferred, then the plunger is hollow and 
the phosphorus sticks are themselves raised or 
lowered as may be desired. The device employed 
for the latter purpose consists of a central or 

2442 



sustaining wire, c, with a branch passing into each cavity or tube, and curved or bent 
at the extremity to hold a eingle tablet or etick of phosphorus, p. The central wire 
will pass through the ozone diamber, o, and the expansion dome, n, to a hollow 
stopper, 8, placed at the top of the apparatus. Its upper end will have a ecrow 
thread paesing into a nut fixed in the lower end of toe hollow etopper, and the 
altitude of the phosphorus will thus be regulated by eimply moving the stoppur 
right or left. 

Above the glass generating chamber or base, a, is arranged an ozone chamber, o, 
its walls being formed of two thicknesses of wire-cloth or perforated material of suit- 
able quality, and having between the outer and inner walls thus formed and sur- 
rounding the entire (Camber, cotton, linen, wool, paper, silk, or other fibrous, porous, 
or similar substance, which ie first treated with or satura^ in an alkali or other 
writab le in snch a manner that the latter is retained in the fibree of the 

■tuff, so that the products of the oxidation of the phosphorus, except the ozone, may 
be oowtoed to the generating chamber or neutralisM by the chemicals employed, the 
ozone, on the oontraiy, paseing readily outward to mingle with the atmosphere of the 
room, Thle delivery of the ozone through the walls of the chamber is based upon 
the diioovery tW the specific gravity of ozone is greater than that of the attnoaphere, 
and that when from a chamber or space it will naturally do so from the 

midd le *n d lower part of the same. AU the air necessary for the combustion of the 
phoeph^s will alw pass readily through these walls, and no other meaui for air 
ingrew is provided. 
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abienoe of draught or force of any kind ii^the dolirery of oione, and the pe- 
culiar conetrootion of the chamber, o, are the important feature! of Dr. Beenunr'i 
invention. To prevent any pressure upon the lateral walls of the oeone chadiber, o, a 
glass dome or expansion chamber, d, is set above the^osone chamber to receive 
surplus products of ozKlation, and ^ow them time to fiiHy vaporise and form the 
ozone. In the dome the ‘ antozone,* or doud of oxidisation, is very plainly visible, 
but the ozone, as it passes quietly out from the ozone chamber, o, is invisible to the 
eye, but is at once detected by the sense of smell and the characteristic ozone tests. 
The special arrangement of the tubes around the base of the machine is designed to 
increase the safety of the operation. As each stick is thus exposed to view its height 
above the water is seen at a glance, and its position when submerged can always be 
plainly seen. The tubes, with the vessel, a, the plunger, b, and dome, d, should be 
of glass, to resist corrosion. The prepared porous stuffs are renewed as often as 
necessary, the acyacent parts of the machine being made removable for that purpose. 
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FAOHirOXiZTB. (Cbtolitb, vol. i. p. 1012.) This mineral occurs with cryolite 
in Greenland in large colourless granular crystalline masses, exhibiting h^o and there 
in drusy spaces symmetrically developed crystals. Analysis shows paoh^otite to be a 
hydrate cryolite. — F. Wohi^ub, Jahrb.f. Mt»., 1876. 

According to the IVansactions of the Eoyal Academy of Soienoee of Oditingen, its 
composition is — 


Aluminium 13*43 

Calcium 17 A4 

Hodium I0‘7d 

Water 8 20 

Fluorine 40 78 
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PA&&ABZUM. (Vol. iii. p. 473.) Professor Wohlbb communicates to the 
Gdtiingcr Nachrtchten, No. 20, 1876, some remarkable experiments on the action of 
the flame of alcohol upon this metal. 

It appears that palladium, both in the spongy form and in that of foil, becomes 
gradually covered with a thick coat of carbon when held in the flame of a spirit-lamp. 
A small piece of palladium sponge thus heated swells up to many times its own 
volume, cauliflower-like branches of carbon being deposited on the surface of the 
metal. The same phenomenon is observed if the metal be allowed to glow in a coal- 
gas flame. When the adhering poroue mass of carbon is allowed to burn away, a fine 
skelnton of palladium remains behind ; and this is the case even if the carbon has 
been depos^ed upon a piece of foil, which is then found to have been penetrated 
through and through with carbon and rendered quite brittle. 

If palledium sponge, when saturated with hydrogen, be brought into the air, it 
becomes red hot. Palladium which has become of a bluish-green tint from ignition 
in the a?r becomes hot when plunged into hydrogen and assumes the original grov 
colour of the metal. In the original memoir several interesting facts connected with 
the occlusion of gases are named. See The Action of Palladium on Carbon, by Thomas 
Wood, Gottinmn, 1859, and a translation of Wohlib’b paper in the Ph&otophioai 
Jiagtume for Deoember 1876. See Platinum. 

FASbmrVO. Sabal or Chamarope Palmetto. There are several species of the 
palmetto growing in the Bahamas and other tropical ialanda. The leaves of one 
variety (Sahal I&cioana) are extensively used for thatching the houses of the poor 
people. The leaves of another sort (5. Palmetto) are used for making bats, baskets, 
farroms, flee., and those of a fliird sort {8abal AdanBoni)ute employed in the msnn- 
facture of fans, table-mats, and handsome ladies* hats. For this purpose the leaves, 
after they are dried, are stripped into ribands of the sise required and plaited,, and 
the plaits are then sewn into the shape required. 

For lope-making the palmetto top leaves ore gathered green, carefbUy dried, and 
then out with knives into small thread-like strips. These are spun, in the BdMiBM, 
with a rude Bpioning-maebins into rope. This rope is generally covered with strips 
of leaves of about half an inch wide, for the purpose of making the rope more durtblCi 
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BjMUUOM. Bamlfl mn now constracied in the United Statee of paper. 
*^4 neealbr the carriage of dry materialfl, each aa ragar, rice, flour, and the like. 

These barrels are made of ^gcoessire layers of paper board cemented together and 
subjected to enormous pressure, the result of which is a compact substance possessing 
great resisting power. The paper used for this purpose is made of straw. The harreli 
are perlectly cylindrical in form, which mves them an adyantage of 26 per cent in 
storage over wooden barrels. Their weight Is about half that of a wooden barrel. It 
is stated that they will stand ibur times the pressure that a wooden barrel will, but 
we have reaeons for doubting the strict correctness of this. Two factories are now 
engaged in the manuiacture of these barrels, one at Winona, Wie., and another at 
Doourah, Iowa. At the latter factory 1,600 barrels per day are said to be turned 
out, with a consumption of five tons of paper. It is claimed for them that they can 
be made 20 pur cent, cheaper than wooden barrels. They may be rendered absolutely 
air-tight, and it is claimed that they will resist moisture longer than they are likely 
ever to be exposed to it. 

PAYBm VSiOBK VXJLZ. The New Zealand Gaaette informs us that the New 
Zealand flax is now beiug employed for the manufacture of good eenricoable wrapping- 
paper, of cardboard, aud roofing for houses. 

The mills for carrying out these operations have been named the Kaihu, and are situ- 
ated * n the district of N orthem Wairoa, where a very considerable plant has been erected. 

The paper produced is of a fine close texture, and almost as strong as parchment ; 
it will tear but not brea^ and the prepared material for roofing purposes is not Only 
of superior adaptation in point of quality to the usual descriptions of felt, but le 
furnished at a much lower price. 

PAVBftf VAPAirasa. Most persons are familiar with the peculiar character of 
the Japanese paper; we are indebted to Professor lluiruT S. Muitboh for a description 
of the process of its manufacture. The Professor exhibited at the New York Academy 
of Sciences specimens of this paper, and described the materials employed SJ^ the 
method of manufacture. The Japanese paper is made from the inner bark of the 
mulberry tree. It is never bleached, but made as clean as possible ; hence its faint 
vellow green or pinkish colour. Paper is made in small villages where all the in- 
habitants are paper-makers. The sons of paper-makers follow the profession of their 
fathers unless adopted into a family pimming some other vocation. The paper mul- 
berry tree, of which the paper is made, is propagated by cuttings from the roots, 
which are planted on the borders of rice-fields, and they mature in about five years. 
In November the reeds are cut and sold to the paper-makers ; and the roots are left 
to send up new shoots. The shoots are cut in pieces 2 feet long, piled up, and allowed 
to ferment, which loosens the bark so that it can be stripped off, after which they arc 
dried in the open air or scraped at once. The scraping removes the brown epidermis, 
which is used for inferior wrapping-paper. About 33 lb. of the bark is boiled for 
two hours in a strong l^e of wo^ ashes. It is then put in bags and left in a running 
stream until the allwli is completely removed. It is next beaten, 2 lb. or 3 lb. at a 
time, on a wooden block with heavy sticks, for 15 or 20 minutes. This pulp is mixed 
with a little rice paste, or a paste from a species of mallow. A thin pulp is obtained 
by stirring \ lb. of this mass into 40 or 50 gallons of water. The web or mat on 
which the paper pulp is collected is made of slender strips of bamboo only the thirty- 
sixth part of an inch in diameter ; several hundred of these are bound together with 
■ilk treads ; the rods all run lengthwise of the sheet, and hence the mats can be 
rolled or folded up in one direction. For coarse paper reed-mats are employed. The 
process of manufacture is essentiallv the same as in making handmade paper. A 
woman sits in front of the tank and stirs it vigorously, then dips a mat ana frame 
into the vat, takes up some of the pulp and shakes it, so as to arrange the fibres 
pa^el. A single dip makes a very thin tissue paper ; most paper is made by dipping 
twice and draining time. After the second dipping the mat is stood up edgWise 
by the side of the tank to drain, and the frame put on a second mat, which auo r»- 
csives its first dipping. While the second sheet is draining for the first time, the 
mat with the first Aset is laid fkes down on a pile of finished shMts with a riM 
straw between them. While the second sheet is oramiiig a second time, the mat is 
taken off from the first sheet, so that only two mats are necessary. When 600 or 
600 sheets, udiieh form a day*s work, are completed, they are pressed for some 
time with heavy weights, then taken up one at a time, by means of the pice straw, 
and placed on smooth boards to dry in the sun. When dry the sheets are stripped 
from the board by a sharp knifo with the blsde at right angles to the handle like a 
■ioicls. The fiaiwed paper wMghs about ons-half as much as the bark employed. 

The aims to which toe Japanese put this paper are various in the extnniM. Almost 
mrythmg that is not mibjsoted to any ssvors usage is manufketwed frm papv 
prepared by seyenl ohemNal prooessos, many of which are exoeediagly mgsBiosM. 
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Tb* JkpuMW have MTerol proceMM for rendariog paptr vaterproof^d for giriim 
great etrength to it. 

VATCUA-WXiP MAOHZn. ZmprovemMNte in the Mamfaotwe of Paper 
Pylp. — ^Thie invention of Messrs. Dowmxko and Huo^, of 4 Lambeth Hill, Queen 
Victoria Street, relates to improved means or apparatus for the reduction of paper- 
pulp from wood, straw, or other vegetable fibre. 

A digester for reducing the paper pulp is employed, provided with an upper and 
a lower perforated diaphragm, between which, through suitable openings, capable 
of being closed when desired (formed in the upper part of the digester, and in this 
upper diaphragm), the ‘ stock * wood, straw, or other vegetable fibre is introduced 
in order to its being acted upon by the alkaline solution or liquor. This liquor is 
poured thereon through the openings in the digester and upper diaphragm described, 
until the stock is covered or the digester is nearly full. These openings are then 
closed, as well as another openii^ ah the lower part of the digester above the lower 
diaphragm provided for the exit of the stock when desired. Connection is now 
opened into a pipe leading from the bottom of the digester below the lower diaphragm 
to a fan pump driven by suitable driving means, by which the liquor fiowing from &e 
digester is forced through suitable piping to a coil or coils or chambers placed within 
a steam boiler or heating vessel. This steam boiler may be formed in two sections, 
the chamber or chambers for heating the alkaline liquor being placed in the 
upper one. 


2448 


2444 



The liquor is highly heated in the course of its passage through the coil or chamber 
or chambers from the digester by contact thereof with the steam or hot water of the 
boiler, and is thence conducted through another opening into the upper part of the 
digester, and through the upper perforated diaphragm and the contained ' stock,* and 
through the lower diaphragm to the lower part of the digester, and by the pipe com' 
municating with the pump is again forced to the heating coils or chambers in t^e 
boiler to be heated again, and so on. By these means a continuous circulation is 
kept up by the fan pump, driving forward the liquor as it flows from the digester, 
obviating the difficulty hitherto experienced from the suction of the fine pulp into the 
openings in the lower diaphragm of the digester, and the consequent prevention of the 
circulation of the liquor, and the coil or chamber is not subjected to the direct burn- 
ing effect of tiie f^ace fire, nor its contents to danger of evaporation from the 
intense heat of the fire. 

Fig. 2444 is a vertical section of the two sections of steam boiler, in the upper 
one of which the coil for heating the alkaline liquor is situated. Fig* 2448 is 8 
similar view of the digester, connecting parts of the coil of pipe and the fon punips, 
also showing yfo. 2444 in elevation. 

A is the puip digester ; nn, the two sections of the steam boiler ; C« cf , o'*', the 
connections of the coil of pipe, d*, with the digester ; n, the fon pump loca^ 
between pipes c and d ; i, pnil^ for driving the pump, n ; r, the fUtnaoe for heating 
the steam filers ; o, the tunes of tubular Imler, if ; h, a code ; x, s, lower and vpper 
perforated diaphragms in the digester, a, and which contain the stock to be redn^ 
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between thenk. Thii etoek, wood, atnw, or other ▼eA:eUhle fibre, is introduced 
through ft man-hole in the upper diaphragm, j, and finds exit through the opening, x, 
which la aeonred ^ a yalye or oo^ In practice the lower diaphragm, i, » slanted 
't 9 wards .the opening, x, to facilitate the remoyal of the pump niter the operation is 
complete ; i is a cock to stop the flow of alkaline liquor into coil o'^ 

Tne apparatus is operate as follows: — The stock, wood, or straw, or other 
vegetable fibre to be reduced to paper pulp is introduced into the digester, ▲, between 
diaphragms i and J through the opening in the top of tho digester, and the man-hole 
opening in the diaphragm, j. The exit opening, x, should of course have first been 
closed. The alkaline solution or liquor is then poured into the digester on the stock, 
until the stock is covered or tho digester nearly full. The man-hole in the dia- 
phragm, J, is then closed, and the top of the digester also. The cock for the supply 
of the liquor, L, being open, will then have filled pipe d to the height of the liquor in 
the digester. The boilers, b,'b' (which m many cases would be the ordinary steam 
boilers employed in actuating the motive parts of the machinery of the mill), are then 
steamed up, and the coil of pipe, c", in boiler, b, is thus heated by contact with the 
steam and hot water therein. The fan pump, d, is then started by the belt on pulley, 
B, and the alkaline liquor is thus projected through the pipe, c\ into the coil, o'', in 
tlie boiler, being highly heated in its passage through the latter, thence through open 
cock, H, into the digester through the diaphragm, J, and the inner contained stock 
through diaphra^, i, and open cock, l, on pipe, c, to the fan pump, d, to be onco 
nioro projected through the coil. The great body of tho alkaline liquor makes this 
operation continuous. Thus a continuous circulation is kept up. The pump, d, being 
u fan pimp, simply drives forward such liquor os flows into it from the digester, thua 
obviating a difficulty heretofore experienced, via., the suction of the fine pulp into the 
openings of the lower diaphragm, i, of the digester, and the consequent prevention of 
the circulation of the liquor. 

FAPBA WHBlIIiB. That exceedingly useful material, paper, has been applied 
to almost every purpose. Paper barrels, already described, have been made of mill- 
board, impregnated with some resinous substance, or in some cases saturated in the first 
place with gelatine, then with bichromate of potash. The boards thus prepared are 
exposed to the action of light, when the gelatine is converted into a kind of leather 
which is quite impervious. It is only very recently that we have heard of the 
application of this material to railway wheels. The paper wheels as now manu- 
factured have steel tires, made with an inside flange ana cast-iron boss. On each 
side of the boss and tire, steel plates, 8-16 in. thick, are bolted, and the space between 
the plates is filled with compressed paper. The paper is composed of what are known 
as ' straw boards,' and these are made to adhere to each other by means of lye paste. 
The combined layers of paper are subjected to hydraulic pressure to the extent of 
2,000 tons for the space of four or five hours, and then dried in a heated air-bath. 
The final thickness of the prepared paper is about 8^ in., and, as may be imagined, 
the (quantity of straw-board packed into this space by the giant force of the hv£aulio 
nun IS something enormous. Still a certain amount of eluticity remains, and this— 
in union with its homogeneity and singulur smoothness bf grain and texture— consti- 
tutes one of its highest qualifications for the duty it will have to perform. Lathes, 
slide-rests, and sharp-cutting tools are made to shape the compressed paper into discs 
of the proper sise, end under a pressure of 400 tons these are then forced into the 
tires. The steel protecting plates are subsequently bolted to the inner and outer 
peripheries of the wheels, and after a finishing touen in the latter they are ready to 
oe keyed on their axles siid placed under the railway carriages. It is understood that 
experiments, both in America and in this country, prove the great superiority of 
paper railway wheels, and that the brake, however suddenly and sharply applied, 
does not iqjnre them. 

VAraB HMVOBM Am XBBOBra for the years 1876 and 1876 


Taper Importa, 1876 and 1876. 



1870 

1876 

For printinff or writing 
l^per hangings .... 
Brown or waste .... 
Millboard or pasteboiud 

Owt. 

187,964 

9,797 

286,529 

£442,789 

69,264 

432.266 

161,062 

Owt. 

269,610 

10,807 

818,604 

£681,148 

69.686 

406,969 

177,750 
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Paptuf^EKports, 1875 and 1876 {Britiah Prodnetion), 



187S 1876 

_ __ _ 

For printing or writing 

Paper hangings .... 
Millboard or pasteboard . 
Unenumerated articles of paper . 

Owt. 

212,480 

64,434 

18,254 

03,207 

Value 

A687.194 

191,410 

34,251 

222,419 

Owt. 

193,008 

66,887 

11,727 

82,815 

Value 

A6 19,890 
166,409 
29,285 
204,788 


Paper Exports {Foreign or Colonial Produce) for 1875 and 1876. 



1 1870 1 

1 1.7. 1 

For printing or writing . . i 

Paper hangings .... 
Millboard or pasteboard . 
Unenumerated articles of paper . 

Cwt. 

21,004 

138 

8,600 

Value 

£61,808 

889 

2.367 

28,383 

Cwt. 

21,479 

280 

8,306 

Value 

£50,688 

2,890 

2,333 


FAJULl'mr F&OK WOOS. In Sweden the manufacture of illuminating 
oil from wood has become a large and successful industi^. The roots and stumps of 
trees are emi)loyed for the purpose. The wood is subject to dry distillation, with 
exclusion of air, and a variety of products are formed which are of value in the arts. 
Among these may be mentioned turpentine, creosote, tar, acetic acid, charcoal, oil of 
tar and oil of wood. The wood oil cannot be burned in an ordinary lamp, but a cam- 
phene lamp can easily bo adapted for the purpose. It is not explosive and^ is 
remarkably cheap. The pine tree is the best adapted for distillation, and there are 
15 establishments in operation in Swfdon, 8 of which produce 15,000 litres (887 
gallons) of oil annually. (See Pbtbolbum.) 

In 1875 and l876 we imported of paraffin — 



1876 

1876 

From Germany .... 
United States of America . 

„ other Countries 

H 

V^ne 

£52,232 

28,682 

1,014 

Owt. 

14,380 

22,784 

639 

Value 

£50,761 

68,862 

1,819 

27,516 

£76,028 

87,808 

£106,442 


VAJLMWiSTUO AOZB. Used for the preservation of meat, in the propor- 
tion of 1 part in 616 of waW. 

FAJUnmurTZn. The name (pven to a new dressing. It consists of 100 
parts glue, 20 of dextrine, 20 of glycerine, 20 of sulphate of magnesia, and 20 of sul- 
phate of sine, with the needful amount of water. — RaiiiAinr’B Farber Zeitung, 

FATa-BUX-FATB. A process of decorating porcelain vases. In this process 
the artist paints upon the unfinished vase with a white clay, which after firing appears 
ei^er semi-transparent or opaque, according to the thickness with which it is laid on, 
and this permits Me delineation ei^er of solid figures or of the lighest drape^. When 
applied Uie clay is opaque, so that great judgment and experience are required. 

FBAXUf OOirOX. {Perles ds oongue ). The Bahiunas export to this county 
a few pearls found in the pink-lipped conchs. They are found by the fishermen in 
the waters near the coast. They are generally taken to Nassau, where they 

are sold fbr exportation. 

The value of these pearls depends uwn their form and colour. Those perfectly 
round or oblong are preferred, with a li^t pink colour and a wavy surface. The 
Reporter on the Bahamas to the Vienna Exhibition, states : * One of these pearls re- 
cently brought 80/. in the London market, but the price generally varies from 21. to 80/.* 

FBATi (Vol. iii. p. 521). Mr. Hunrt Clayton’s name has been long associated 
with the preparation oi peat. His process has been already referred to in vol. iii. p. 526. 
This gentleman has of late years been drawing further attention to some improved 
forms of apparutuB invented by him for comminuting, pulping, and cond^ing peat. 

The following is a description of his process and machinery : — The raw peat as dug 
is filled into the patented arrangement of * squeesing * trucks, which have perforations 
in the sides for the escape of the free water. A piston forced amnst the peat in the 
truck fay the aid of a screw and lever effects a presmire upon the body of the peat* 
and during the passage from the bog to the machine the peat is thus freed « no 
inconsiderable portion of the water. The trucks are drawn up to the machine by 
oonvenient hoiiting gear. 
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IV uukdiiM tat ' maaticatiDg ' the pMt fi#. cutting it up^into verj fine portions) 
eonsisU of ^ Tmtioul fihaaihsr in which reTolrss u shaft, having fixed upon it a series 
.of sOF«V''iUM blades, the action beiitf somewhat similar to an ordinary pug or temper- 
ing piill. . l^e rough peat from th# sqneesing trucks is fed into the nopper of this 
c]mmber,*and by the action of the blades is broken up and forced downwards into the 
comminuting apparatus. In treating stony peats an arrangement of ' screening * may 
here be inti^uc^, by which the stones are arrested and separated from the peat. 

A horizontal cylinder forms the body of the machine, and is fitted with a central 
revolving shaft, upon which are fixed propelling screws, as also a series of curved 
arms or discs, so arranged upon it that in their whole length they form a dissected 
double helix, wiih increasing spiral. Along the bottom of this cylinder, and project- 
ing upwards towards the shaft, are arranged cutting blades of hardened steel, ^tween 
which the discs pass in their revolution. 

The peat thus fed into the cylinder by the joint action of the blades and screws is 
carried along by the discs in their forward movement, each revolution bringing the 
peat against the cutters, and thereby effecting a complete ‘ masticating ’ process, by 
which the fibrous tissues and cellular structure axe effectually destroyed, the rooty 
and other undecomposed portion of the peat reduced to a state of fine pulp, and the 
whole mass of the peat brought into a uniform condition of homogeneity. 

The peat is by these means gradually prepared, pulped, and worked forward to the 
delivery end of the cylinder, whence it is expelled by the continued screw motion 
issuing through suitably-shaped orifices in continuous streams on to a special 
receiver. This consists of a number of rollers which receive the exuded streams of 
moulded peat ; and over those the peat tr.ivels until it arrives at a point where the 
ends of the moulded poat'streams leave the rollers and pass on to a portable lathed 
tray, suitably located under the rollers to receive them, and carried on fixed wheels, 
of which there is a continuous forward series, so that the moving peat imparts 
motion to the tray, thus pushing it forwards from under the rollers until the tray is 
filled with the moulded peat. A boy then cuts off the lengths of peat which are on 
the tray from the exuding mass, and places another tray in position to receive the 
next batch. The tray, with its charge of peat, then posses down an inclined guide'or 
tramway in the direction of the drying-sheds, and at a convenient point upon the 
guide the moulded peat is again cub up into the desired lengths of bricks or blocks. 
The passage of the charged tray then continues down the tramway to the drying- 
racks, where the moulded peat upon the tray is put to dry. In about three days t)ie 
peat bricks become sufficiently dried to permit oi their being taken from the portable 
trays and stacked in open racks of special construction, where they remain to complete 
the drying. 

An exceedingly simple process for preparing pest fuel has been for some time in 
use in Canada, and has been thus described by Mf^or-General Sir .tAMKS Alhxandur: 
J!ot. 244fi and 2446. A large barge was fitted up for cutting, cleaning, lifting, and 
distributing the pent. The barge is floated in a channel of water, which it forms 
as it proceeds. Two screws in front cut and draw in the peat, and working in 
opposite directions draw the barge forward ; at the sajne time the pent, cut, and 
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■udked in, is dndged up by a masticating process, and all roots and indigestible 
matter being duly separated, the resulting pulp is ejected through a long telescopic 
tabs over a coneiderable area of the bog on each siae of the channel. After it has 
hardened euffldently, it is cut up into pieces of convenient sizes and slmpe, and these 
p eoes are itadced well together to dry in the sun. No other preparation is require^ 
nor ie any artificial drying neoeecaiy, consequently a ftiel, growing on the ^t, is 
most ecQ^omieally obtain^. 

The figuree xweiT^ to are intended to give a front and a back view of the ar- 
rangemest introdnoed ^ Sir Jawib ALaxinnDi, and adopted in Canada along the 
Grand Trunk Line of Railway, in the locomotives of which line mnoh of this dried 
peat ie consumed. 
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This ^■tem luceeedi perfectly when the cun is sufficiently powerful to dry the 
peit, which should be placed undercover not later than October. peat bums 
well in steam locomotive engines, and has been largely used for raising steam in fixed 
" i boilers. 
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Hall and Bainbridok’s Procaiii.- -The conversion of peat into fuel and charcoal 
formed the subject of a paper rood November 1876, before the Society of Engineoiii, 
by Mr. Charles £. Hall. The processes described by Mr. Hall are those in use 
on the Fells in Teesdale, at the works of the Londoh Lbad Compact. They are thus 
described : — 

'The Loin)ON Lead Oowpany’s peat works are situated about 1,700 feet above the 
level of the sea, at Little Egglesliope, and at the lower extremity of the peat bog ; so 
that the crude material is run down a short incline and tipped direct into the machine. 
The labour cost per ton has been 6s. 6d., but this item will be proportionately de- 
creased as the output is increased ; and so with the item of interest on the capital 
expended, which is rather high, and could be materially lowered by an increased 
prMuction, of which the works are capable. The amount of moistnre in the peat is 
from 76 to 80 per cent., as shown by results, which give 1 ton of dry fuel for every 
4 tons of crude material. Every ton of charcoal made from condensed, but not 
thoroughly air-dried, peat, containing say 50 per cent of moisture, costs almut 26s., 
and reejuires from 4 to 6 tons of such material. It should be remarked, however« 
that it IS not so rich in carbon as the Irish peat, although good as a gas producer, the 
gas approaching in illuminating power to Newcastle coal. The operations which 
make up its first cost are : cleanng the top, which is used as fuel for the engine and 
carbonisers to a large extent; digging and loading the trucks, conveying the same to 
the machine by tramways, treatment therein and removal therefrom, its disposition 
in the drying sheds, the labour in turning it over, and its final removal to the store. 
The author believes that every item of superfluous labour has been eliminated from 
this calculation, which is based upon the working at Middleton, where advantage is 
taken of the different levels. One process follows upon another in one unbroken 
series until the material is ready for use. The store is situate immediately under the 
drying sheds, being open on the two sides, and the floor trellised at the top, so as to 
give a free current of air and perfect ventilation. 

' There are six sheds, 16 feet span of roof, making a total width of 100 feet, open 
from side to side, inclusive of gutter epacee. These sheds are 200 feet long, covenng 
an area of 20,000 square feet. The eheds are filled with racks, placed across the 
shedfl back to back, leaving a pathway between. There are twenty racks of six tiers 
high, holding 672 tarays ea^, or a total of 18,440 trays. A tray of wet peat weighs 
66 lb., and a tray of di^ peat 14 lb., giving an evaporation of 76 per cent. ; whilst 
the remaining fuel may be etill said to hold 20 per cent of moisture. The material 
is dug out higher up the Fell, and brought hy an incline a distance of 100 yards in 
ordinary contractors' tipping trucks, the squeering trucks originally suppliM being 
useless for peat containing not more than 80 per cent, of moisture. 

* There is another question which tells seriously against the cheap production of 
peat fuel, and that is the short season available in this oountiy fbr oiying. This is 
generally from May 1 until towards the end of September, and in favourable years 
towards the middle of October — say six months. The whole interest ibr tiyelve 
montbe, berides depreciation, has to be charged on to the six months* working. The 
adoption of shedding is not without its defects, for the working at MiddMoo has 
prov^ thst the peat stored in the racks to the outside of the sheas, and to the wind- 
watd, dries in much less time than the bulk of the peat stored in the centre. !nie 
author believes, therefore, that sheds should be independent of each other— no^ in 
lines, but with distinct roofs— so as to secure a good oiicnlation for the air. In diy 
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irpilthvr iheds an a mistake. The chief advantage arising ftom the use of shedding 
is that the labour in piling and stowing away the peat is oonoentiated and ledneed to 
A minimuft^ gnd is therefore cheaper ; hut against this item should be put the internt 
and’ dep^iatiou of 1,000^. at 10 per cent, on the output. If sheds are adopted, then 
provision shoiild be made for conveying the air by channels underneath, such air being 
caused to travel over heated pipes or flues, in such manner as to drv it. increase ils 
temperature, and cause draughts. But as the heat to do this, in tne first instance, 
must be obtained at a considerable cost for fhel, it is objectionable, unless it is ob- 
tained in the manner the author will explain, and which has been provided for, tliough 
not yet carried out, at Middleton. That consists in the conversion of a considerable 
portion of the foel into charcoal, the waste heat resulting from the process being 
conducted through the flues under the sheds to a chimney stack, the air being dis- 
tributed at various points. Experience has shown that warm dry currents of air, 
with a temperature of from 80° to 90° Fahr., freely circulated, is the most effective 
medium for absorbing moisture from peat. Bearing in mind that peat must be dried 
where it is grown, and the two results requiring two directly opposite conditions, it 
is a mistake to erect extensive shedding. Mr. BaiNBRinau has found it preferable, 
after a short exposure in the sheds, where a skin is formed, to tnm the peat out in 
the open, and so complete the process. The whole system of sheds, working and 
construction, has received much modification ; and in dealing with peat, the author 
, has come to the conclusion that the less tearing and manipulation given to it, the 
better will the product be, so long os the process has been elTectual. 

' One of the objections at Middleton to the Ciatton machine was that it damaged 
the peat, the process being too long. In the machine designed by the author the 
duration of the process is considerably shortened, the cutting action greatly improved 
and simplified. Another objection which it has been attempted to improve is, that 
when the peat was at all fibrous and strung, it was lashed onto the fixed kniveaof the 
Clattox machine, which soon became so clogged that no useful result was obtained ; 
indeed, the treatment of peat in an enclosed barrel is very difficult. The internal, or 
skin resistance of the tube, being less than the internal resistance of the peat, the 
balling up of the jiropelling apparatus is the consequence ; whilst, whon too much 
artificial resistance is afforded, a corresponding amount of slip is the result, and tiiis 
appears to be frequently the case in the Cuaytovt machine. From the fibrous nature 
of peat, especially such as is found in England, and the difficulty of extracting iti 
moisture, tne author concludes that but two operations, and those of as short a dura- 
tion ns possible, are required. The first is the pugging, or mixing and collecting 
process ; the second is the cutting or bleeding process, after which it is delivered with 
the air discharged, and the water mechonicaUy combined with the solid matter, per* 
mitting free evaporation. 

' The question of the drying of mechanically versus hand-prepared peat has ofteir 
been debated ; and it is assert, with some show of reason, that the band-worked 
peat has the advantage in point of time. The author admits that this is true with 
regard to the mechanical systems mostly in use ; for mny machine which merely 
kneads or mixes up the crude materials, such as png-mills, &c., merely liberates 
loose or surface moisture, imprisoning by far the greater portion of hygroeoopic water 
within an impervious skin, and rendering its exit for more difficult. According tQ 
Mr. Hall's system of treatment, the presence of air and water in the nnmeroua fibres 
is destroyed, and the complete separation and disintegration of every particle and. 
fibre is secured, the continuii^ of each fibre is destroy^, and the constituent parts 
are placed in new positions. The cutting, which is done (miokly and at one opexntion, 
thoroughly bleeds the moisture out, liberates the air, and immediately condenses the 
mass without pressure, leaving it uniformly saturated with free moisture, in which caee 
a less time is required for drying ; it is dried more effectually, and the foel is conoen* 
tested to its utmost extent, presenting a solid coherent mass, suitable for any purpose^ 

* Fig* 244^ is a sectional elevation of the machine. Referring to tiie drawing, it 
will be seen that the machine consists of a cylindrical casing or Wrel, B, about 1 foot 
8 inches in diameter and 4 feet long, with feed-hopper, a, at one end. Through the 
centre of this barrel work two sl^s on the same axis, marked respectively i s»d o, 
having thrust beoriugs at each end of the machine. The high i^ed cutter-shaft, i, 
works through the hollow or png-shait, c, and turns in the same dirMtion. The wtf* 
shaft, 0, is of octagonal form outside. Upon it are placed screw-like blades, wnich 

r M between prelections attached to the casing. The outer shaft, c. takes its bearing 
the dbtphxagm or port-plate, f, through which the peat is forced by the blades, g, 
I^S is seen better in fig. 2448. A four-winged cutter, similar to a chaff-cutter, p, 
rotates psist these ports, being held close up, and cuts off into short lengths the slowly 
lUHitrudiiig peat, against the four arms or cross-bars. When the delivery is at right 
anriM. as Mown in fig. 2447, the cuttei^shaft, i, has a slowly revolving sor«¥4HH» 
IV, T T 



wip^CTf t. In th» deliTery-eaBiDg, p, and with tbiB is cast the circular end plath, f, 
agalnat vbi^h the condensed peat ie forced and delivered at the orifice, l. The wiper 
Olid plate» t and i, are driven by eeparate gearing; and may have a fhater or slower 
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motion than the pug-shaft, c. Tho peat is delivered in a continuous stream on to 
wooden trays, t, placed on a trestle, x, having rollers, w, mounted therein. The 
trnys are 3 foot lou^ by 18 inches wide, and nropelled 
2448 forward by the issuing stream of peat. A counte^alancod 

cutter, T, working in guides, and operated by tho attendant 
by hand or foot, enables him to cut the bricks of peat into 
any length ; this dispenses with tho wire-cutting frame of 
Messrs. Glattom, found to bo so inconvenient. Tho speed 
of the cutter- shaft, x, is 110 revolutions per minute, whilst 
the puggirig-shaft, c, is 11 per minute, and those motions 
are effei'ted by diiferontial gear, shown in section ut Jiff, 
2447. An occontric is formed on the shaft, i, marked 2. 
A wheel, 3, having, say, thirty teeth, is mounted loosely on 
it. An internal toothed wheel, 4, is keyed fast to the 
outer shaft, c, and has, say, thirty-three teeth. The throw 
ot tho eccentric is such as to cause the pitch lines of tho 
two wheels to exactly coincide as the eccentric revolves, 
but tlie wheel, 3, is prevented from turning round by tho 
tail-lover, 2, to which it is firmly secured and hold in the 
bracket, it, in which it slides. The action of this is to 
revolve the outer wheel, for such revolution of tho eccentrically-mounted pinion, in 
the proportion of the difference of their teeth. It may be termed an internal sun- 
and-planet motion. Motion is given to the belt-pulloy, 5, and transmitted through a 
fHction strap and drum, 6, to the pinion, so that the driving can be nicely a^just^ to 
the power required for treating tho peat. In the event of any foreign substance 
being present, or any undue strain being brought on the machine, it will slip, and 
thereby call attention to it before damage is done. 

* Fiff. 2448 is a vertical cross section of the machine taken behind the diaphragm 
plate, and showinp the construction and action of the rotary cutter. This shows 
the eiid view, and illustrates the action of the dififerential gear, and the delivery of 
the condensed peat. 

*Fiff, 2449 snows an end view of tho delivery orifices, l, and the counterbalance 
cutter, T, with balance weight, s. In conjunction with the machinery just described, 
it is not only desirable, but almost indispensable, that a system of carbonisors should 
be worked, producing as much charcoal as possible. This is the most valuable form 
in which peat can be introduced, and in which it is most universally applicable. 

<Midcing charcoal the leading feature of manufactun will enable the binary 
labour employed to be en^asea in profitable production for a longer period of tho 
year, and to a large extent independent of tho weather— the great enemy to contend 
against in pent works. It also allows a greater number of machines to be worked 
during the summer months, stocking the surplus production of condensed peat fbr 
conversion into charcoal during tho wirtter, and largely enhancing the total output 
per annum, in proportion to the necessary plant required ; thereby reducing the 
terest charges w ton of fiiol made, and guaranteeing continued employment to the 
permanent staff engaged on the works. 

* When the situation allows, the waste beat given off from the eorbonisers can lie 




PEAT 


648 

tntifled in raiafng the temperature and drying the currents of air passing into ths 
drying-sheds, by cunduotiug such waste heat through a series of flues, under the sheds 
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t(j a chimnoy-stack. Expcrieiu'e has shown that dry warm currents of air, with a 
tenipemture of from 80° to 90° Fahr., freely circulated, is the most effective method 
of absorbing moisture from peat. It will be clearly seen that, as peat bogs owe their 
existence to a wet, humid atmosphere, and manufactured peat must be dried where 
grown, if a counteracting drying action can be given to the currents of air passing 
through the sheds, without a direct cost of fuel to produce such effect, thd benefit 
derived tlierefrom must greatly facilitato the evnporation of moisture from the pre- 
pared peat-blocks, making the process more continuous and increasing the output. 

* This, however, c<m best be applied where a systematic arrangement of permanent 
sheds IS adopted ; but experience has shown that m some measure a continuous block 
of sheds has many objections. 

* Artificial drying alone can never be succossfully applied, for with an article of such 
comparatively low calorific value, and containing so large a percentage of moisture in 
its raw state, it would require throe-fourths of its own heating-power to make it 
available as a fuel. Any artificial heat applied from oven waste products of com- 
bustion must, therefore, only bo auxiliary to the natural atmospheric drying. 

‘Referring to the system of carbonisation, we will now describe a new system 
devised in connection with this peat machinery, which, being continuous in its action 
and economical in its operation, has many advantages over the more crude methods 
usually adopted. 

‘ Fiffa. 2460 and 2461 illustrate this system, which consists of a group of vertical 
chambers or retorts, marked Noe. 1, 2, 3, and 4 in^^. 2461, which is a seetional plan 
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taken at vaijoas parts. Fm, 2460 is a sectional elevation of the apparatus,^. 3461 
H plan : there is one large chamber, a, which is common to all the retorts, the proaucts 
Ot combustion from which pass under an inverted fire-bridge, s, to the central tube of 
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floe 6. The neoeunry omen to consume the sequired quantity of fhel to keep the 
tempesatiiM above 800° ^hr. in the variouB chambers is supplied through hollow 
HreANini, o, which come to the front. Additional air can be supplied through the ashpit 
door, V, and between the bars if necessary. The air passing torough the hollow fire- 
bars is delivered into the air easing, d, and from thence, at each side of the furnace casing, 
it is admitted over the fire by the square openings, a, at a high temperature. It 
becomes evenly mixed with the escapinff gases and hydrocarbons rising unconsumed 
from the fuel, and is drawn downwa/rda trough the incandescent fhel underneath the 
inverted fire-bridge, and thoroughly converted into carbonic acid at a high temperature. 
This is admitted by the dampers, h, into the annular flues, 2451, having rectangidar 
openings, and evenly distributed through the chambers and delivered out, having 
passed through the peat into the annular flue, j, and thence to the exit flue, x, where 
It may be farther utilised by passingon horizontal flues under the drying sheds to the 
stack, which will servo for several sets of carbouisers. The carbonising chambers are 
in sections or rings of east iron bolted together, 6 feet in diameter, and of a total internal 
length of 12 feet. There is an air space of 3 inches all round, and the whole may be 
surmounted by brickwork. A hopper, marked 7, surrounds the chamber top, and a 
bell, 6, opens and closes it in a similar way to a blast furnace. 'When the hopper is 
filled with peat the bell is lowered and the peat is admitted, but it is immediatoly 
closed, the lever, j, to which it is suspended, having at its other end, attached by 
rods, a sliding damper closing the escape orifice, x. By this arrangement the ad^ 
mission of free oxygen is prevented. The chamber can be charged at all times, and 
with the sliding door or false bottom, m, below, the finished charcoal is instantly 
dropped into the cooling chamber, o. It is calculated that the outpuf from four 
ohambers would be at the rate of 16 tons per week. The refuse or waste peat is the 
fuel principally used, and for which the grate surface is necessarily large. The only 
condition necessary to its proper working is, that it shall be well banked up against 
the fire-bridge, to prevent air passing beneath it. The amount of heat can be nicely 
regulated, and the whole is under pe^ect control, while the process in each chamber 
*can be hastened or retarded at will, or any one chamber worked without the others. 
The whole of the heat given off from the fuel is utilised at the lowest possible cost of 
labour, wear, and tear. 

* To make the system moro complete, and having in view the demand likely to 
arise for powdered charcoal, a disintegrator has been included in this patent, adapt- 
able alike to this and other purposes.’ 

Mr. Hall has appended to hu pages several very useful tables. The following, 
which deal with the more important elements, we desire to give permanence to in 
these pages 


Coifposmoiv OF Fbat. Ultimate EUmenta qf Peat, 


Dewriptlon and Locality 


Anthorltj 


Prodnota of the 
Distillation of Feat 


Buifaoe peat— FhlUpitown' 
1)01116 1100t 

Bnrfaoe peat— Bog Allen 

Danse peat 


58*694 

00-476 


61-093 

60- 109 
60-016 

61- 947 


6-971 

6-097 

6-614 

5- 771 

6- 738 
6-878 
5-616 


89-888 

83-546 

83-307 

89-400 

81-388 

88-153 

81-446 


I- 4514 
■8806 

II- 8588 
■8070 

1-8866 

9645 

1-6904 


Various asmplsB of dried 
Beat from Westmeath 
„ dan . • 


Tnam 

Toam 

Tnam 

Eastern 


peat 


56- 680 
51-050 

57- 107 

58- 806 
89-553 
89-084 


k71 


6-0 

6-670 

6-880 

6-850 

6 655 

5 891 

6 609 
8-788 

' ■»,« 

• 4-0 


88-0 1-0 


80-470 


84-480 

89-550 

198-94918-067 
38-669 3-600 
38-414 11-715 
51-088 

-9481 

99-9 


Dre, EAxa and 
Bxjujvan, re* 
ported In the 
DvbUn Jownal 
Indiutnal Pro- 


Bbokault, ICUL- 
nxR, Eanx, Sul- 

livan, Ronalds 


Kins, Ronalds 


Fotana. 

Soda. 


Magnesia. 

Beaqnloxlda Of Iron 
Fhoqihario add, 
snlpbttrie aold. 
hjaroohlorlo add. I 
BOkaylnoompoiindri 
daoem p cwalila hj 



Aoetateofllins. 
gyroiglto spirit. 

Heavy and flitsd 
oils, parafila, «o. 


Frofeaaor Johnson 


* Bamples dried prerlooi to analyses at 930* Vahr. 
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BMliing Power by Tbompsoit's InttrummU, 


. 




Lba of Water at 

Lba. of Water at 


■ 




aiF> Fahr. con- 

813* Fahr. oon- 


Bamples of Dense Fmt 



▼erted Into 

▼ertedinto 

A.atlioiity 





Bteam per lb. of 

Bteam peronb. 





Feat oonstuned 

ft of Dmiso Peat 


Locality : 






Prof. CATJiOWAT. 

Moimtrath— D oom post No. 1 

0*087 

80*81 

0*00 

340*87 

No 1 light upper 
flbrooB poraon 







of bog. 

Queen’s County „ 

No.S 

1*000 

03*50 

6*50 

848-78 

No. 3 from middle 






of bog. 

ft If ft 

No. 8 

1*178 

78*81 

0*88 

404*07 

No. 8 from lower 






part of bog. 


Heating Power of Peat and Charcoal, 


Peat. 


Lbe. of Load re* 

Lbs. of Water 


DUtriot 


heated from 33* to 

▲uttioslty 


Feat 

212* 11b. of Feat 


Feat from Troyes • . 

8*0 

18*1 

Bbbthibb. 

„ Ham 

12*3 

27-9 


„ Paasy . 

13 0 

29*2 


„ Framont . 

16-4 

34 9 

•• 

„ Ischouz . 

16 3 

34*6 

ff 

„ Konigsbrunn . 

14 3 

3*2*4 

If 

„ Bog of Allon . 

27-7 

62*7 

Qbxffitus. 


26 0 

66*6 


Among 24 kinds from the Harlz 




Mountains the worst gave . 

11*9 

26-9 

WUOLUIB. 

The best gave .... 

18*8 

42 6 

M 


Pbat CuAaCOAL. 


Feat charcoal from the Seine . 

17-7 

40-6 

Bkbthibb. 

„ Ham 

18-4 

41-7 

•1 

„ Essone 

22-4 

60 7 

•1 

,, Framont . 

26 0 

^ 68-9 



Total heat in 1 lb. peat ; air used for combustion 

Units In Lbs. In Cub. Ft. 

8,736 16-376 2021 

7,161 12-4 168j‘®“®®*^’ 

Another process for charring peat, which has been tried in this country under the 
austdees of the Dtjxb of SuTHBRLAin), is deserving of attention. The process was 
devised W Mr. Joshua Kidd, of New York, and patented in this oountry by Mr. 
Ajbthsb Babfi. The principle of this invention is to carbonise at the lowest possible 
temperature, and thus retain as fhr as practicable the volatile matters of the peat. 
The use of retorts is avoided, on the ground that all the heat employed to warm the 
material of the retort is wasted, and it is considered more economic^ and efficacious 
to direct the heat ftrom a furnace, aided by superheated steam, straight into a chamber 
containing the peat to be carbonised. The chamber is thus practically a large retort 
heated fr^ wi^n. Thus is produced a charred peat rich in hydrocarbons, which on 
heating gives off gas of good illuminating power, and leaves a charcoal ^e from 
su^hur and phosphorus, and therefore well a^pted for metolluigical operations. 

The accompanying Ulustration, fig. 2462, shows the main features m Mr. Kidp’s 
arrangement. It is a sectional view of a single chamber, which contains trucks laden 
with peat* The furnace is shown at s, with a boiler, a, above, whence the steam 
issues to a superheater^ a, and then through steam jets, 6, so as to force all products 
of combustion throu|^ the uptake, into the drying room at m. Here the heated 


Feat artificially dried .... 
Peat, ordinary state, containing 20 per 
cent, moisture • . , . 
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ntmospherd, which of courae contiiins no free oxygen, acts upon the peat packed on 
grating mounted like trucks on whoels, and running on rails to facilitate removuL 
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Two chambers are placed side by side, so that the lieated vapours may flow from one 
to another through the openings. /, h I, and so be thoroughly utilised. An iron door, 
I, at the hinder part of the chamber, affords space for the ingress and withdraws! of 
the trucks; the door is of course closed and luted up while tlie operation is being 
conducted. Starting with a cold room, the Are is lighted in the furnace, and the 
natural draugh* through the flue is employed to raise the heat, the damper, y, being 
open and p closed. As soon ns the steam gets up sufiQciently, the damper, y, is 
opened, so as to set up a communication with the drying or carbonising chamber, and 
v' is closed, h h represent the racks for the peat, and xx the peat in thorn. The heat 
in the chamber soon rises to 300*^, and there is no difficulty in keeping it between 
800° and 400°, a tomponitiire which is quite high enough to produce a good peat 
charcoal, containing a considerable amount of volatile hydro-carbons. The fuel 
employed is pent air-dried, and the expense of production in not high. A sot of 
chambers for producing twenty tons of charred peat per week costs about 400/., and 
the actual working expenses in Sutherlandshire for preparing this quantity from 
hand-cut unpulped peat at the moss, partly air-dried, are as follows : — 

40 tons peat, at say 3s. per ton £6 0 0 

134 tons dried peat us fuel, at 4s. 6d. per ton . . *809 

Labour: two men at 15s, per week, and two boys at 10s. . 2 10 0 


Producing 20 tons charcoal for £11 10 9 

Or about 11s. OJ. per ton. Each chamber is hero reckoned ns holding four tone of 
partly-dried peat, or half that weight of charred peat. A group of four chamben 
worked by two furnaces would turn out ten charges, and produce twenty tone of ehur- 
eoal peat per week from forty tuns of peat sufficiently dried to be stacked .ip the 
tracki^ The trucks actually employed were 12 ft. by 8 ft. by 2^ ft., and the chfunbers 
pf a proportionate siso. 

From the peat thus prepared may bo distilled a gas of high illuminating power, in 
the proportion of 6,000 ft. to the ton, a tarry oil to the isxtent of 82( gallons to the 
ton, ana 42^ gallons per ton of water containing acetic acid. In an experiment tried 
at Golspie, a nundreaweight of charred peat gave off in twenty minutes 100 ft. of gas, 
with an illuminating power of seven candles. In another quarter of an hour the 
quantity of gas reached 150 ft., and the light was equal to thirteen candles. In ono 
hour i>om the time of starting, the total volume of gas was 275 ft. 

C09TtMtkm M. Ch. Vibdt says, in the BfUeHn of the Chomioai 
BodBty Paria, for June 1875, that pencils which ^vel^noes capable of being 
oi^ied like those of copying inks, ore made from graphite g^nd up in water to a 
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6ne paJrt», of finely powdend kaolin, and of a hi^ly coneentiatod Kfintion of an 
aniline violet blue soluble in water. 

.VBWn« BXULOX. The water and ash in peppers have been determined to be 
as follows : — 


Dsscrlptlon 

Water Cried 
atlOO'^ 

Pepper dried at 100** 

Pepper ss 
sold. 

Total Ash 

Total Ash 

BolnUe Ash 


Percent. 

Per oent. 

Percent. 

Per cent. 


9-631 

4*189 

2-212 

3-843 


12-908 

A‘770 

8*380 

6-346 


10‘103 

4*816 

2*626 

3*334 


10*648 

6-196 

8-463 

4-674 


11*664 

4*776 

2*638 

4-211 


An analysis of the ash of a sample of Tellicherry popper gave the following per* 
centagos : — 


Potash , . 






24*380 

Soda . . 






8-226 

Magnesia . 






18-000 

Lime . 






11 600 

Iron . . . 






0*300 

Phosphoric acid . 
Sulphuric acid • 






8-470 

9*613 

Chlorine . • 






7*670 

Carbonic acid • 






14*000 

&nd . 






6*630 


Description 

Nitrates and Nitrites 
in Pepper calculated 
08 Nitric Aoid 

Alcoholic Extract 
from 100 Orams 
dried at 100** 

Aqueous Extract 
from 100 Groms 
dried at KMP 

Ponang • • * . 

0-04470 

7-660 

18*886 

Malabar .... 

0*03868 

6-375 

20-376 

Tellicherry. • ■ . 

0-08860 

7-896 

16-600 

Sumatra • , • . 

0-06660 

6*460 

17-600 

Trang . « • . 

0-11870 

6*300 

18*176 


The alcoholic extract consists almost entirely of piperine and resin, and is a fair 
index of the value of a pepper. » 

The aqueous extract contains extractive and colouring matter, soluble salts, gum, 
starch, and small quantities of piperine and resin. — A. W. Blytu, Pharm, Jowm, 
Trans. (8); and Journal of the Ch^ical Socuty. 

• PBB&BS BB OOBQVB.* The name given in commerce to the condi pearls. 
See Fbart. 8 , Oonch. 

BBBBAiaBiroO WOOD, Used for colouring wine. See WursB. 

9MMMXAM BBD. M. Phtitvalt communicates to the Industrial Society of 
Bouen a process for obtaining a fine scarlet of the shade known as Persian red, from 
chromate of lead. 

Jf chromate of lead is digested with a cold solution of 1 part of the neutral chro- 
mate of lead in 60 parts of water, so that two equivalents of the farmer may react 
wiu one of the latter compounds, there is obtained in two days a crystalline precipi- 
tate of basic chromate of lead. If the supernatant liquid is boiled, it evolves car- 
bonic acid, since bicarbonate of potassa is present, and is converted into a soluUon 
of potash, which decon^ses a part of the red precipitate, so that it takes a violet*red 
colour, v^ilst the liquid turns yellow. The precipitate is too dull to be of ray value. 
If it ie washed with water, and treated with 4 per cent, of its weight of dilute^ snl- 
phurie acid (1 in 100), adding the acid slowly and stirring, and then neutralising 
with a dilute solution of soda, there is formed a mixture of sulphate and of ImIo 
chromate of lead, the colour passing into a flory vormillion. The quantity obtained 
is about equal to the carbonate of load employed. According to M. Prinvalt, nitric 
or acetic acid may beuiaed instead of sulpnurio, but not hydrochloric. The propor- 
tions be employs allt 26 grams neutral carbonate of lead, with 10 grams neutral 
chg rimAfA of potassa^ He digests two days in the cold, boils for half an hour, filters^ 
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I pttciplti^ and treafk it with 1 gram of anlpburie add diluted with 100 
grams of water. The new red ginnot be fixed with albumeOi on account of its 
erjetHlUae Uxtursk It may. hoover, be possible to convert chrome ornngo into 
Pwaian red upon me fibre. 

varaouuil. (Yol. iii. p. 044); PxaxFFiN (voL iii. p. 502); Naphthas (vol. 
iii. p. 886, 889-90, 807). The following ie from a paper on petroleum oil read before 
the American 0hemical Society, and printed in the Atnerioan Chemist for June 1876. 
A general summary of the results appears to be all that is necessary. 

* (1) The naphthas distilled were comparatively heavy, 60° to 64^ B.. technically 
• known as bmnnes, (2) The removal of aliout 10 per cent of these naphthas from an 
average unsafe oil, raised the flashing point 2°'27, and the burning point 1°'0 Fahr. for 
each cent, removed ; the addition of the same proportion of naphtha of equal 
epedfe gravi^ lowered the flashing point in very nearly the same ratio. (3) A ^y- 
ing amount of a light Aaphtlia, abovel70° B., could not be added to even a very high- 
m^e oil without making it conspicuously bad, while as much as 10 per cent, of a 
heavier naphtlia — ^bensine — of 66° B., could be added to an oil of little above 100° Fahr. 
flashing test, and make it no worse than much of the oil now in the market. (4) When 
a small amount of naphtha of above 70° B. is added to a good oil, the flashii^ point 
is lowered much more rapidly than the burning point; if the oil is of very high grade 
and the naphtha moderately heavy, 66° B., the burning point of the oil is lowered 
almost as rapidly as the flashing point ; while the addition of a naphtha of 65° B. to a 
moderately good oil, flashing at 104° Fahr., lowers the flashing point 36 to 40 per cent, 
more rapidly than the burning point. (6) The burning point is not a reliable test of 
the safety of an oil, since oils, when spilled, will ignite instantly on the appfqach of a 
flame, when heated a degree or two above their flashing point, even although the 
burning point is 10° or 20° Fahr. higher. (6) Experiments show that an oil flashing at 
86° and burning at 107^ fahr., con be made to flash at 100° Fahr. by removing 6 or 7 
pea cent, by distillation. This corresponds nearly with the estimate furnished to Mr. 
Cornwall by Mr. H. N, Roohbs, that average petroleum yielding 76 per cent, of 
100° Fahr. *'flre test” — burning test — oil, would probably yield 69 per cent of 100° 
** flash ” oil ; in oUier words, 8 per cent of the 100° “ fire test ” oil would have to be 
removed to moke a 100° ” flash” oil. The average flashing point of eight oils 
given in Dr. Chanolbr's report as burning at 110° Fahr. was 89°.’ 

The following is the latest return made of the progress of the petroleum In- 
dustry : — 

New wells completed in 1876 2,290 

Daily average product of new wells .... .12^ barrels 

Number of producing wells to the end of December . 6,000 

Dailv average product of all wells . . . 6, 6, 10 „ 

Production for the year 1 876 8,968,006 „ 

Stock on hand at the end of year .... 2,561,109 „ 

Stowkll’s Petroleum Reporter^ 


Ontario. ~ Surface oil was known to exist in the southern part of the township of 
Enniskillen from the time of the first settlement of the western part of Ontario. 

At present (1876) there ore about 360 wells capable of producing petroleum, but, 
owin^ to the dulness of the market, only about 200 of these are in operation. At 
one time about 600 small Bteam<ezigineB for boring and pumping were on the mun^ 
but this number is now reduced to between 200 and 300. The oil-wells in Ontario 
have all been bored by the ordinary percussion drill. A small proportion of the oil 
is distilled at Petrolia, but the greater part is refined in London, about 60 miles to 
the eastward. Here Uiere are fifteen refineries, of a total capacity of 12,000 to 16,000 
barrels per week. The total value of the plant, &c., employed in the production of 
the oil is valued at about ^760, 000, and of that used in the refining processes at 
aboht 1^560,000, although at one time both were considerably greater. There hae 
also been a falling off in the number of men employed in both piocesees, the number 
now being about 600 engaged in connection with the producing, and 800 with refining. 
The amount of oil sent from Enniskillen region previous to January 81, 1862, was 
11,775 barrels. For the year ending Janua^ 81, 1863, the quantity was 82|814 
banr^ afte^ which time the yield g^ually increased for ten years, ^e foUowisg 
'are the quantities refined in Ontario for the Uet five years 


Year ending June 30, 1871 
M M 1872 

M .. 1878 

M M 1874 

« .. 1876 


. 269,896 barrels of 40 gaUiins 
. . 808,100 „ „ 

• • 866,062 „ iig 

. . 168,807 „ .. 

(about) 210,000 „ m 
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lAttorly, the greater part of the oil haa been oonsutied withi^the Dommion, aolj 
a Qomparatavely email proportion being exported. 

In former years, and when petroleum oommanM much high^ priees than at 
present, wtuf sought for by boring in the rock, and obtatnea^rf greater or lees 
quantities near Wequamikung, on the Grand Manitoulm Island, in Ilnron, at 
Tilsonburg and Bothwell, in tlie western peninsula of Ontario, and around Qaspd 
Bay, in the province of Quebec. Traces of it have been found in various other parts 
of Ontario and Quebec ; also in Cape Breton, and at Port au Port, on the weet coast 
of Newfoundland. The petroleum of Manitoulin Island comes foam limestones of the 
Trenton formation, that of Qusp^, Tilsonburg, Bothwell, and Enniskillen, as well as 
the great natural outflow of the Athabaska Jbtiver is derived, in each cose, from rocks 
belonging to the Devonian 8j/atem. 

The occurrence of petroleum on the Athabaska was recorded by Sir ALBSAWDifo 
McKbnzib in 1789, and again by Sir John BicHSfinsoN in 1861. The first-named 
author states, alluding to the forks of the Atbabaska or Elk River, that * at about 
24 miles from the forks are some bituminous fountains into which a pole 20 feet long 
can be inserted without the least reaistanoe. The bitumen is in a fiuid state ; he'ited 
it emits a smell like that of sea-coal.' And Sir John Richardson says : * The whole 
country for many miles is so full of bitumen that it flows readily into a pit dug a few 
feet below the surface .' — Geological Swrvey of Canada, 

RuiTifANU. — The advantages claimed for petroleum, as a steam fuel are, cheapness 
as a generator, economy of space for storage, and greater simplicity in the orrange- 
inont of the fVimace. It is needless to say that each of these propositions is combated 
by some scientific man on theoretical grounds ; but, assuming that the experiments 
have proved as satisfoctory as is stated, it does not necessarily follow that uetroleum 
could supersede coal in a country where the latter mineral is plentiful and the former 
article scarce. In a country like Turkey, however, where the coal measures are un- 
developed, and steam fuel has to be imported, the value of a large supply of 'native 
petroleum is of the highest possible kind. 

* There are about 7,000 flour-mills in Roumania, only 80 of which are worked by 
steam, tlie ren^aindor being worked by water, wind, horses, and oxen. There are 
also 1,687 distilleries, 608 saw-mills, only a few of which are worked by steam ; 
breweries, 146 soap and candle manufactories, besides oil-mills, &e., most of which 
require power in the different manufactunng processes. To such a oountj^ the poe- 
session of an abundant supply of petroleum is obviouslv of the greatest importance, 
and the increase of wealth which would result foom the substitution of steam for 
water and wind, ns motors in Roumania, would be difficult to calculate. The ad- 
vantages claimed for water as a motor are, in most cases, more apparent than reaL 
The situations are few where a steady supply of water can be relira upon during the 
whole year, undisturbed by either floods oridroughfs, and they are fewer still where 
an extraordinary run of water can be carried off without interfering with the driving 
macliinexy. If, therefore, the uncertainty of being able to work — throngh the^pera- 
tion of the two causes named — be considered, and the avenge expense of sustaining 
the banks of streams, and maintaining the walls of reslWoirs and sluices, be taken 
into account, in comparison with cheap steam, which can be generated by the combus- 
tion of the native petroleum, there cannot be a doubt that steam so produced will be 
the more economical of the two .’ — Consular Report^ 1876. 

Recent trials have certainly proved that the minoial oils can be burnt advan- 
tageously in boilers for stationary, marine, and locomotive engines, as well as in the 
reduction of iron ore, and for stoves in fomily use. Efforts have been unceasingly 
made to perfect the arrangement for buming, and for the safety of the foel-oil| and 
one improve plan is suggested which may Teed to important results. If a jet of 
steam ne allowed to enter a tube, the other end being open to the atmosphere, a 
current of air will be drawn through and projected with tne steam on the oil at a 
pressure corresponding to that of the former, making a powerfol air as well as steam 
blast, and the foynoce would act on the same prineij^e as a cupoia-fomace for melting 
iron. This would appear to be much more economical than the simple steam-jet for 
burning petroleum, as the oxygen of the air forced in with the steam would insure 
rapid and perfect combustion. ... 

To forge iron, smelt ores, and melt glass, all Uiat is necessary is to superheat the 
itegB : bnr for ordinary ftimnees the latter is not necessary. ^ Although^ petroleum 
bttmed without steam blast has not yet been soffieieiitly economical, experimento now 
being made by WnsNBoo and Dhvillb, of Paris, for fomaces of staUonary and loco- 
monU boiletu, wUm to point to an early solution of this difiiculty. 

It hat been stated, we fear with a want of exactness, that by vmious expenmenta 
it haa been found that the maximum power of coal is the evaporation of eleven timea 
its weight of water, while 1 lb. of crude petroleum, at 46® Baum4, will oenvext M Xk 
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of water into eteam, being aboat 2fl||;tfae in proportion to coal. The aremge of the 
heat-prodtLoing power of petroleum does not fall far below this average, but that of 
coal IS often only five to six times its weight of water. In relation to petroleum in 
ordinary furnaces and stoves, the Oil Tm^e Review advocates petroleum oibetoves as 
much more economical than those of coal, and expects soon to see them made so as to 
bo portable to any part of a house like a lantern. Such stoves are being constantly 
improved, and are gradually coming into use. 

One of the newly-discovered uses for petroleum is the prevention of scale in bcilers. 
The usual mode of applying it to a 60 horse power boiler is ^ gallon of petroleum 
with 0 to 10 lb. of sal-Boda. The boiler is to be cleaned before the first application, 
and the dose should bo continued every two weeks. An eminent chemist states that 
a scale of 1-1 6th inch in thickness on a boiler will require 16 per cent, more fuel ; ^ inch 
requires 60 per cent, additional ; ^ inch 150 per cent, more than if the boiler were 
clean. ] 

Great efforts have of late years been made to produce a cheaper illuminating gas 
from petroleum. Should this succeed, and also the experiments on furnaces and stoves, 
the idea which has been advanced of heating, lighting, and fhrnishing power to cities 
by squares from various statious, may yet be accomplished in the future. We cannot 
here enlarge on this subject; but we must in passing refer to the petroleum gas 
apparatus erected by J. f . G. Kbohsghroedrr at Great Marlow, in Buckinghamshire. 
This inventor is probably the first who has lighted a town without the use of any 
coal — a very important object in England at present, and indeed anywhere. Ho 
states that he has already made the gas at cost much less than the London public 
works, and expects to still reduce considerably the present price. Ha d^s not claim 
that this will supersede large coal gns- works for great cities, but that if can be use- 
fully and very cheaply adapted to small towns usiug about 1,000,000 cubic feet per 
annum. 

Although petroleum oils and their products rather repress than produce spontaneous 
combustion, it is not to be denied that they have caused numerous fires, some very 
disastrous, but these have generally arisen from the carolossness or ignorance of those 
using the oils, and at times by the evolution of iuflammatoiy gas, which became ignited 
Uirough accident. See next articles. 

rarmoUlTM OXXiS, xma OOMCaVSTZOir Ol*. The chief object of this 
article is to direct attention to the dangers incidental to the transport and storing of 
petroleum, and to the means of extinguishing fire when it takes place. In commerce 
petroleum is recognised as of two kinds; one is light, of a greenish brown colour, 
varying in density from 0-600 to 0 81 6 ; the other is heavy, of a deeper colour, and of 
a density varying from 0'840 to 0-900. As petroleum is not commonly fit to be used 
in Its crude state, fractional distillation is resorted to. The products Oi such distilla- 
tion are : — 1. The essential oil of petredenm, colourless and extremely fluid. It vola- 
tilises quickly and produces very inflammable vapour. The density is from 0-700 to 
0*760. 2. Fhotogene or burning oil, usnally of a yellow colour ; it gives off inflam- 
mable vapour at 08°’6 Fahr. (37° C.) ; specific gravity from O’SOO to 0'816. 8. 

Lubricating oil, of a density varying from 0*840 to 0*900. 4. Porafiin and tar, em- 
pl^ed for the same puiposes as asphalte. 

Petroleum in the crude state, or the essential oil of petroleum, spread in a sheet, 
either on water or on the ground, and exposed to the open air, takes fire at a tempe- 
rature above 82° Fahr. on the application of a lighted match. The presence of flame, 
however, is necessary for its ignition at a temperature below 68° Fahr. (20° C.). A 
lump of coal at a cherry red, or of iron at a dull red heat equal to from 1,112° to 
1,292° Fahr. (600° to 700° C.), plunged into the liquid does not ignite it. When 
placed in an open vessel and suddenly raised to a temperature of from 672° to 660° 
Fahr. (800° to 360° C.) by the immersion of a piece of red-hot iron, the li<;|aids giv6 
eff intensely white vapours which explode like gunpowder by contact -mth flame. 
Two barrels were filled, one with crude oil, the other with the essential oil, to within 
1 ineh (2 to 8 centimetres) of the bung-hole ; on setting fire to tJie contents they 
burned wi^ -wavering flames about 3 inches high (6 to 7 centimetres), without any 
explosion. 

Befined burning-oil is sot considered up to standard unless it requires for inflaming 
a temperature, at the lowest, of 98°*6 Fanr. (37° G.) ; t^t is to say, the tes^psiaturo 
of the small p^on in contact with the flame. Some imagine, Jiowever, that it is 
not the oil in the liquid state which burns, but its vapours. This conclusion is asga 
tired by a lighted night-light floating on the surface of refined oil at a Ipw tem- 
perature ; a few seconds a^rwnrds flomo is communicated to the oil inm^iatslv 
surrounding the night-light, and extends gradually over the whole surface of oil 
M. Fxlebb’s expsrhnento on the qualities of potroleum show the relationof density to 
the temperature at which it inflames. Annexed are the densities for ysHons tsm- 
peraturcs 
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TWnpmtan at Intbunmatlo 

0*686 . 



. 68 

21 

0*700 . 



2*2 

10 

0*740 . 



-1- 60*0 

+ 15 

0*760 . 



62*6 

17 

0*760 . 



06 

36 

0*776 . 



113 

46 

0*783 . 



122 

60 

0*792 . 



167 

76 

0 805 . 



104 

00 

0*822 . 



230 

110 

0*b()2 (crude putroleum) 


60 

15 


M. PsiiSBR BhowB that, as tliero cannot bo explosion without a space for ^uponr 
(mingled with air) in the recipients above the petroleum, it would render the storage 
of petroleum safo if it were ko];)t in vessels immersed overhead in water, commumca* 
tion being mode between the wiiter and the oil-vessel at the bottom of the Litter. 
The petroleum boing drawn off from the top, the water would flow in below, and thus 
always keep the petroleum close up against the of the containing vessel, and 
prevent the possibility of an accumulation of vapour. 

A stratum of crude petroleum 3*6 inches thick (9 contimkres), weighing 179 lb. 
C80 kilograms), was kept at rest on the surface of the sea, within a floating inclosure 
49 inches square (1 m6tro) and 8 inches high (0*2 m^tre). The weather being calm, 
and the temperature of the air 59^ Fnhr. (l/)° G ), this quantity was burn^ in 36 
minutes, and raised a column of flame 8 feet 2 inches high (2*6 metres). Combustion 
thus proceeded at the rate of 6 lb. per minuto (2*28 kilograms), consuming a thickness 
of 0*108 inch (2*7 miUiraiitros) in the same time. When the layer of petroleum was 
reduced by combustion to a thickness of from 0*20 to 0*24 inch (6 to 6 millimetres), 
the sea- water commenced to boil, the agitation caused by which redoubled the energy 
of the combustion and raised the flame to a height of 19 feet 8 inches (6 metres). 
The residue of Uie combustion consisted of a sheet of black fatty matter 0*08 inch 
(2 millimetres) thick. 

It is remarked that the slighest agitation of the surface of the oil very much aug- 
ments the development of flame. A small piece of wood thrown into burning petro- 
leum, on rising liberates vapour and causes an explosion like that of gunpow^r. M. 
PuLZBR describes in detail the process of burning experimentally barrels of petroleum 
under varying circumstances. Ho then points out hoTi^ essential it is for s^ety that 
petroleum in warehouses should lie below the ground level, and that ships in port 
should be surrounded by floating inclosnres, so that in both instances the oil, in the 
event of a fire, may be provontod from spreading. He next proceeds to the oonsidem- 
tion of the volatility of petroleum and its products, to ascertain which each kind of 
petroleum was exposed to the open air in glass vessels exactly gauged, presenting an 
evaporative surface of 4'66 square inches (30 square centimetres), with a volume 
of 12*8 cubic inches (2*10 cubic centimetres), formidg a column 2*76 inches high 
(7 centimetres). From the observed depraisions of level caused by evaporation, tLa 
loss per square yard of surface per twenty-four hours was deduced as follows : — 

0*64 gallons per square yard f 3*5 litres per square m^tro^ refined petroleum. 

1*66 „ „ (0 ,, „ 1 crude ,, 

3 31 „ „ ns „ „ 1 alcohol. 

7*18 „ „ (39 „ „ ) ossentml oil. 

The manner in which fire by petroleum may be prevented in warehouses and cr 
quays, and the best means fur securing its safe storage, may be briefly stated as 
follows 

1. Storing barrels or cases in warehouses of one story only built of incombustible 
materials. 

2. Transferring tlie oil into metallic tanks. 

8. Making a large tank in masonry, filling it with water, and plunging into it, 
month downwards, a veSsel like a gas-holder, containing the petroleum, which is to 
float oh the water within the inverted vessel. 

4 . Attaching weights to the ordinary liarrels and sinking them in water. 

The author points out that if a ship laden with petroleum lakes fire in a crowded 
port, it is worse than useless, so far as the other vessels are concerned, to scuttle her, 
becausa the water rushing in displaces the petroleum, and thus eaua^ it to float 
about Over the euriace of the water instead of being confined to the burning ship. 

Tie paper concludes with two tables, one of which shows the relative proportion 
of the various products obtained by fractional distillation from different {OtroleumSi 
and ir given on tlio next page. 
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PETEOLEUM AS FUEL 


The other tabie, based on the experiments of M. Hnrnx Saurr-OLaiB Dantuii 
gives the epeeiflo navities, the oo-effieient of dilatation, and the weight of water that 
can be evaporated by each of forty-one different mine^ oils. The specific gravity 
varies from 0*786 for petroleum of Parma to 1*044 fbr the heavy oil of the pABisiaw 
Oas CoMPAmr. The co-efficient of dilatation ranges from 0*000641 in the case of 
petroleum of Hanover (Wilze) to 0*001 in the case of the Parma petroleum and of 
west Canada ; while the power of evaporating water lies between 12*240 times the 
weight of the oil for the crude petroleum of the schists of Vagnas (Ardtohe) to 16*864 
times the weight of the combustible for the oil of Schwabwiller (Bas-Bhin) : — 


Frodnots of JMstiUstion 

4 

OU from Penn- 
■ylvanla (den- 
sity 0802) 

Oil from OanndA 
(density 0 886) 

OU from United 
Rtates Provinces 

unknown (den- 

sity 0*820) 

Essence of petroleum (D. ^ 0*736) 

14*7 

12*6 

4*3 

Lighting oils (D.s 0*820) . 

41*0 

36 8 

442 

Lubricating oils 

30*4 

43*7 

46*7 

ParafSn ... . • . 

2*0 

8*0 

2*7 

Residue . * 

2*1 

3*2 

2*2 

Loss ....... 

0*8 

1*8 

0*9 

Totals .... 

100 0 


^ 100*0 


raTXOUUM AS FUB&. See Minsbal Oils Indtjbtbt in this vol. ; Naphtha, 
ITS Vabibubs, vol. iii. p. 387, dec. ,* Pbtbolbum, vol. iii. p. 644. Numerous attempts 
have been made from time to time to employ the mineral oils for the production of 
heat. Some important information on this subject will be found in the 'Report of 
the Royal Commission on the Quantity of Coal in the United Kingdom/ and some 
communications have lieen made to the Society of Arts by I>r. Paul and others. We 
have now to mention a few more recent experiments in burning petroleum. 

One method, which has been found fairly successful in practice on the Continent, 
is that of spre^ing a heel of infusorial farth, ' kieselguhr,’ on the bars of the furnace, 
and spreading the petroleum upon this. 

The most promising of recent inventions is that for which a patent has been ob- 
tained by M. Db Bbrguu, of Paris, and which consists in the application and use of 
air-gas and of petroleum in a finely-divided condition introduced by a blast of air or 
steam, or both, for combustion in furnaces or for other heating purposes ; also the 
use, supply, or introduction of wood, charcoal, peat, or other fossil fuel in combination 
with air-jgas and petroleum. The air-gas is appli^ by forcing it through tubes with 
holes or lets in them, the tubes lying parallel to and between, but underneath, the 
furnace bars, over which may be placed a stratum or layer of asbestos or infusorial 
earth to absorb the petroleum. The petroleum (preferaLly the heaA^ lubricating oil 
of commerce) is applied in a finely-divided condition by introducing it in the form of 
minute globules or spray by and together with a blast of air or steam, or both, passing 
through compound tuyeres or nozzles directed through the front or sides of the fur- 
nace and above the level or heights of the bars. These compound tuyeres are each 
composed of a nozzle tapering endways, and having applied thereto a blast-pipe for 
air or steam, or both, provided with a tapering end or second nozzle introducea within 
the first, to which latter there is also fitted a third tapering nozzle for the petroleum 
supply directed transversely with regard to the length of the first. The nocsles first 
mentioned as forming a portion of the compound nozzle may also be provided with 
holes for the admission of additional air to be carried in with the blast. If air or 
steam, or air with steam, be forced through the blast-pipe, it will suck up or draw 
and convey petroleum through the third nozzle, and the petroleum will be reduced to 
minute globmes or spray, or be vaporised, and, with the blast and the additional air, 
when the nozzle is ptomded with holes, will be discharged into the furnace. The 
petrolenm to be so treated is or may be the residuum of the petroleum wluoh has been 
^roady employed in the production of the air-gas. 

SuhatUuHen tff P^tokum Goa for Coal Qaa^ G. D. Pattok's ProMM.-^The 
advantages of petroleum gas over coal gu are stated to be great both in the eoonotny 
of its p^uction end of its bnming ; it is safe under any oireumetanoea that eoal-gw 
is, and in one respect is safer— -it requires a greater and more complete admixture of 
Hir before it explodes. Mr. Pattows process of production appears to be siiwle 
enough, and, he states, carried out with great satisfaction and small expense, 
point to be observed in making gas from petroleum is to obtain the exact heat nsees^ 
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niej to cAct a deeompofitbn of the petroleum (naphtha, Mr. Pattok ueei, oe being 
the oheapeet), as too much heat deBtroye the illuminating power by depoeiting a 
quanti^ of oarbon. Mr. Pattow eecuree juet the proper de«ee of heat by a nm^e 
anangAnent for the gradual heating of a email stream of oil through the varinue 
liquid and rapour etatee up to that point in which it becomes a fixed ges, and is then 
immediately passed out towards the gasomett r in a condition ready for use. The 
petroleum gas does not give a much more brilliant light than a coal gas of 10 candles, 
but 1 foot of the petroleum will give as much light as 6 feet of the coal-gas. It dues 
not, like coal-gas, deteriorate in illuminatinff power with extreme cold or pressure, siid 
for this reason it is recommended for the lighting of travelling cars, &c. It would 
also be useful to improve the quality of an inferior coal-gas : 1,000 feet of petroleum 
gas added to 12,000 feet of coal gas (illuminating power 11^ candles) would make 
13,000 feet of ^ with illuminating power equal to 16 candles. If the supply of air 
is insufficient, ue combustion will be imperfect, and the result will be that the very 
elements which should give light will pass off in the form of smoko. The best mode 
for supplying the necessary quantity of air is the use of burners speciallv adapteil to 
this gas, and from which it is ejected at the rate of one foot an hour, in sheets so thin 
that they receive air enough for perfect combustion from natural draught, just as 
coal-gas or a candle flame does. Pctrulcum gas con be manufactured on a small 
scale to almost as good an advantage as on a largo one, and thus can be brought within 
the reach of the smallest communities, or even of single residences or factories. 

PamoXiBirM BHamonD BT BZOBTirnrO. In Stowhll’b Petroleum 
Eeporttr we find that the destruction of oil by lightning has been large during the 

J ear 1876 to the end of July, amounting to 242,412 barrels from January 1 to 
uly 31 of this year, or rather from April to August There were no fires from this 
cause in January, February, or March ; two occurred in April, none in May, four in 
June, and five in July. It is scarcely necessary to say that the oil destroyed 'was in 
closed-top iron tanks, and the lightning striking these, exploded the gas that doUerted 
in the space above the oil, scattered the oil, and set it on fire, and often communi- 
cated to other tanks in the immediate vicinity. Tiie theory most commonly rocei\ed 
in the oil regions of the cause of lightning ‘ strikes ' is, that the gas which, it is well 
known, is continually escaping from the oil in those tanks, rises to some distanco 
above them, acts as a conductor, and the damage is done. One peculiar feature in 
the history of these accidents is, so far as we have been able to learn, no iron-top 
tank has been struck, but in every case wooden-top ones. Special inquiries have been 
made on this point. So far, attempts to protect tanks with lightning rods have been 
failures ; at Bilks station a number of r^s, supposed to be ample protection, were 
placed about the tanks, but they were no protection against this summer’s lightninjg;. 
It may be interesting to those not acquainted with the oil business to state that ui 
case of losses occurring in this way all the oil in the pipe line to which the tanks 
belong is assessed pro rata for the loss ; that is, the law of ' general average,’ so well 
known in marine law, is applied in this case. 

Petroleum imparted in 1876 and 1876, according to the 2nnual Siatmmt of the Trada 
of the United Kingdom, 


UNRXnifBD. 


1876 



Tuns 

Yslne 

Tons 

Yalno 

From United States of America . 

1,879 

£9,648 

1,468 

£14,039 

„ other Countries 

26 

248 

428 

1,013 

Total , 

1,404 

Rbfinkd. 

9,796 

1,886 

16,962 


Gallons I 

1 Yslne 

Gallons 

Yslne 

Ftom United States of America , 

18,081,671 

£760,940 

24,188,268 

£1,874,121 

„ British North America 

— 

— 

436,129 

86.600 

„ other Countries « 

106,660 

1 4,606 

102,608 

6,718 

Total . 

19,087,131 

1 766.446 

24,726.906 

1,416,884 


A hydrocarbon, a product of the dry distillation of the tai, 
or reaiduaxy matter, from petroleum. 
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It salJimM over at the end of the distillation, aeoompanied )>▼ a thick resinous oil 
of about *08(1 Bp. gr* In its crude state this mixture of oil and petrozcene is bright 
orange in colour, which rapidly becomes dark green on the surface by oxidation. 
From this petrozcene is separated by lixiviation with benzine, and when thoroughly 
separated from the oil it is obtained as a yellowisb-groexi crystalline, extremely light 
precipitate. 

Petrozcene fuses at 420° to 426° Fahr. Its sp. gr. is 1*2006. It is crystalline and 
dark olive in colour, not very hard, but brittle. 

When petrozcene is distilled iu large quantities, it can be Hcpamtod into a series ol 
interesting and beautiful products. Those promise' to become useful in the arts, but 
they have not hitherto been applied in any wiiy. — Dr. IIuukkkt W. C. Twauni.a, 

* Petrozcene and its Products/ Journal of the b\anklin InatUute^ September 1876. 
See Vasbluvb. 

VSTUTS. One of the names given to an ore of tellurium, with pyrites, sidoritos, 
and quartz found in North Carolina. See Altaitb. 

PHWOK OOMUSnro MATTHB. See vol. iii. pp. 662, 663 ; Puenictn. 
Fhrkol, &c. M. C. Libbeumann communicated to the Acadhmxe dea Sotencea a paper 
on ' Colouring Matters obtained from Oxy-compounds and Nitrous Acid.’ This paper 
is published in the Comptea Rrndua. 

Five grams of phenol were mixed with an equal volume of concentrated sulphuric 
acid, and kept very cool to prevent the formation of phenol para-sulphuric acid. The 
acid WHS added, with agitation, in such proportions that the temperature rose slowly 
from 40° 0. to 60° C. without rising higher. This was effected in about fifteen 
minutes. The solution was at first brown, and then it became a fine bl^e. During 
the process, especially towards the end, there was a faint disengagement of gas. Cn 
cooling, the solution was poured, with constant stirring, into a large quantity of cold 
water, filtered, concentrated by evaporation in a porcelain vessel, and dried. It ean 
be dried at 1 30° G. without undergoing any change. It is a brown powder soluble 
in iilcohol. lu alkalies it dissoivos with a royal blue colour. Its composition is 
C"*H'‘NO«. 

Phenol in on acidulated aqueous solution, or in tlie form of a phenato, when exposed 
to electrolysis, gives rise at the positive polo to a brown body. 

rBOSrBATB or XiXMB. See Phospiiatks. vol. iii. p. 663. Dr. Sacc, of 
Neach4tel, who has been engaged for many years in studying the phosphate of lime, 
appears to have formed some exaggerated notions of its powers. M. Ci.addb Oollas, 
however, states in Lea Monies, March 11, 1876, that Dr. Saco has found that it deter- 
mines the putrid fermentation in animal matters, and the disintegration of dead vege- 
table matter. He has also applied it as a mordant in d^yoing. The yarns or pieces are 
steeped in a solution of phosohate of lime in hydrochloric acid, diluted according to the 
judgment of the dyer, and then transferred to an alkaline dyo-bath. Hydrated phos- 
phate of lime precipitates colouring matters from their solutions, forming lekeB. 

Analysis of phosphate of lime from Oiply, in Belgium, by Ninoit: 


Water . ."j 

Crganic matter > 26*56 

Carbonic acid j 

Sand and clay 1*80 

Phosphoric acid 20*35 

Sulphuric acid . 0*12 

Chlorine 0*26 

Fluor 0*18 

Lime 60 

Cxide of iron 0*90 


A grey limestone from the same place, interspersed with small brown granulef, 
gave— 

Loss on ignition 

Sand and clay 

Phosphoric acid 

Lime 

Oxide of iron 

Lobs 

— Niirorr, Cenlralhlatt fur Agrikultur’Chsmie, February 2, 1876. 

X Note on the Thomhates of the Lavrentian and Camlman Rooks of Canada yaui 
communicated to the Geological Society by Principal Dawson, of which the lowing 
is the abstract published : — 

The anthor described the mode of occurrence of phosphatic deposits fn varioos lo- 


2*10 

1M8 

64*00 

1*16 



m 


PfiOSPCLitIC HTNBEALS 

eKlitie» iu Cftiiada. Dark phospliatic nmlnlcs, rontdiiiing fniffmontH of L%vgidip, 
alNtuud in the Ghaiv fonnation at AUnmotto iHland, Orcnrille. Hawkusbury, and 
liochiel. ^milar nodulee occur in the graptolite ahalea of the Quebec group at Point 
and in limeatonee and conglomeratee of the Lower Potadiim at Kiyiere Ouelle, 
Kumonraakai and elsewhere on the Lower St. Lhwtodoo ; thoae depoaita alao contain 
email phosphatie tubes reaemblinp' Serpulitea, The Acadian or Moneviun group no.tr 
St. John, New Brunswick, oontaios ktyors of calcareous sandstone, blackened with 
phosphatie matter, consisting of shells and fn^ments of Lingula. The author do- 
scribed the general character of the phosphatie nodules examined by him at Katnonr- 
aska, and gare tJj^esults of analyses made of others from various localities, which 
furniHhod from 8^8 to 66*66 per cent, of phosphate of lime. A tube iVora Hivu'>re 
Ouelle gave 67*68 per cent. The author accepted Dr. Hunt's view of the coprolilic 
nature of the nodules, and incliue<l to extend this interpretation to the tubes. The 
animals producing the coprolilos could not be thought to bo vegetable feeders ; and 
he remarked that tlie animals inhabiting the primoidial seas employed phosphate of 
lime in the formation of their Lard parts, as had been shown to lie the case with 
Lingula, Conularia, and the Crustaceans. Thu shells of genus Hyohthes also contain 
a considerable portion of phosphate of lime. Hence the carnivorous animals of the 
Cambrian seas would probably produce phosphatie coprolites. 

With regard to the Laurentian apatite deposits, the author stated that the^, to a 
great extent, form bods interstratified with the other members of the series, chiefly in 
the upper part of the liowor Laurentian above the Eosoon limestones. The mineral 
ofLun torma compact beds with little foreign matter, sometimes several feet thick, but 
varying in this respect. Thin layers of apatite sometimes occur in the lines of bed- 
ding oi the rock. Occasionally disseminated d^y^^tals are found throughout thick beds 
of limestone, and even in beds of magnetite. The veins of apatite are found in irre- 
gular Assures; and as they are found principally in the same parts of the seams 
which contain the bods, the author resided them as of secondary ori^n. ' The 
Laurentian apatite presents a perfeetjy crystalline texture, and the containing strata 
arc highly metamorphosed. The author's arguments in favour of its organic origin 
sro d* rived from the supposed organic origin ol tlie iron ores of the Laurentian, trom 
the existence of Koeoon, from the want of organic structure in the Silurian deposit 
described bv Mr. D. C. Davihs. and the presence of associated graphite in both cases, 
from the cWracter of the Acadian linguliforous sandstone, whicn might by mota- 
morphisin furnish a pyroxenite rook with masses of apatite, like those of the Lauren- 
tian senes, and from the prevalence of animals with phosphatie crusts in the Prim- 
ordial ago, and the probability that this occurred also in tlio Laurentian. The position 
of the phosphatie deposits ahovu tho horizon of Eozonn is also adduced by the author as 
•uldiiig probability to the existence of organic agencies at tho time of their formation. 

PB08MATZG ncziTiaUL&S. Phobphatic Nodulbb (vol. iii. p 664) ; Cofro- 
iiTES (vol. i. p. 018). Much additional information has been published since the 
appearance of the former articles. Dr. AuorsTOS Vohlckbr has published in the 
Journal of the Boyal Agrtcvllnral Society a now article, giving the composition of a 
considerable number of phosphatie minerals, and to that article and Dr. Voelcxbb’s 
kindness we are indebted for much that follows. 

In England the coprolite diggings are no longer confined to Cambridgeshire, Hert- 
fordshire, and Saflfolk ; these phosphatie nodules are now found also in tho adjoining 
counties. 

Mr. J. J. Harris Tialb, in his Sedgwick Prize Essay, gives the following 
localities : — 

Potton, in Bedfordshire, in tho Neocominn serioR, noticed by the Rev. P. B. Bbodib 
in the Qidogvsol MagoMine, vol. iii. p. 163. Mr. Tbalb gives the sections at Potton— 


(1) Conglomerate of small pebbles 2 ft. 

(21 Irregular alternating layers of red and yellow sand . . 6 „ 

f3) Hodule bed (phosphatie) 6 in. 

(4) Light coloured sands ........ thickness unknown. 

The sections on sandy heath being — 

(1) Sands (slightly indurated) . . ^ . . . . 3 ft. 

(2) Obarse formginous sand, Ac 4 to 6 ft. 

(3) Boriuontally stratifted sandstone with small pebbles . . 2 ft. 10 in. 

(4) Hodttle (phosphatie) 2 ft. 


The phosphatie nodule bed is oomposed of nodules and pebbles in equal proportions, 
associated together in a matrix of ferruginous sand. The nodules consist of fossils 
and lumps of phosphatie matter, the former being tho more numerous. Of those the 
foUowittg analyses oy Hr. Voblcxbb were published in Mr Bnosiifs paper:— 





Water of oomblnation • . 

Phosphoric acid * . . . •* 

I. 

. 617 

a. 

6*67 

. 2^-39 

16*12 

Lime *••••• 

. 62.78 

26*69 

Mg,AlandFel . . 

. *^.164 

4*61 

Cubonicacid* .... 

. 8*06 

2*18 

Iron oxide ..... 

. 8*08 

80*$1 

Bilioious matter . . 

. 21*98 

128*22 


lop oo . 

ipooo 

' Equal to iticalcie phozphate . 

* Equal to carbonate of lime . ^ 

. 48*61 

4 6*96 

“2*76 

4*96 


I. is An Average mmple of lifting. 

II. the annJlyfiis of washed coprolites. 

WiciCKK.— In the Geological Magazine (vol. ir. p. 309), Mr. Walker gives the 


following sections : — 

Surface soil 1 ft. 6 in. 

Layer of light-coloured coprolites ... — 

Sand (silt) ^ . 1 ft. A 

Layer of dark-coloured eoprolitcs . . 9 in. 

Silt 1 ft. 6 in. 

Layer of dark-coloured coprolites . . . 1 ft. 

Kimmeridge clay . . ^ 


The phosphatic lead consists of nodules, pebbles, and shells imbedded in a sandy 
matrix, containing a considerable quantity of lime. The nodules are of two colours — 
light aud dark. The former resemble those of Potion ; the latter are cbiracterised 
by a smooth exterior, and a smaller percentage of uhosphate. The following localities 
are given by Mr. Tkalm in addition to those already giyen in vol. i. (Coprolitus) 

lluNSTAMTON Cliff, Norfolk. 

Downham. 

West Bownham, 4 miles east of Downham. 

Folkestone series. 

£lt and at Sturatham. 

JIaodenuah, 1 mile west of Stroatham. 

Caxton and Gamuingay. 

Buicxhill, Amptuill and Millbrook. — ^A t the latter place he gives the following 
section*: — 

(11 Bod and yellow sands (false bedded) . . . 8 to 10 ft. 

(2) Phosphatic nodule bed containing a ^eat number 1 . . 

of Lydian stone pebbles. (See vol. iii. p 149) / 

(3) Yellow «nd white land (Bedfordshire) . . 1 1 6^ to bottom of 

Leighton. — A bout a mile south of Leighton, in a railway cutting, a dark clay with 
coprolites is seen to be capped by sands, and a mile further a true ^ult occurs, also 
containing coprolites. 

CuEDuiNOTuN. — About half a mile from Oheddiugton station. Numerous other 
workings are found in the neighbourhood, and they extend in a linear direction ftom 
Aylesbury through Cheddington. 

In addition to the analyses of English coprolites published in the article 'Cofro* 
LiTES,' wo have the following analyses by Dr. Yoblckbr : — 


Genetal Compoaiiion of Cambridge Coprolitea, 



No.l 

No. 2 

No. 8 

No. 4 

Moisture 

2*30 

1 879 

/ 1*19 

1*18 

Water of combination, &c. , 

l*.'i0 

\ 1-99 

2*87 

Phosphoric acid .... 

26-06 

29-14 

26-80 

26*16 

Lime 

43 68 

46-06 

41-47 • 

41*91 

Oxide of iron and alumina . 

18 70 

19-68 

19-48 

17*84 

Zneoluble silicious matter . 

7*77 

2-34 

10*18" 

10*10 

* Total 

100-00 

100-00 

100*00 
Ik-. 









Bofiidei Cftmbcidgeshire aod Ik^ tllfr countiM of Arfolk, Bedford, end 
Buokingham produce phoephatic iK)(!uk|tf rarioua degrees of value to the manure 
manufacturer. Xbe foUojriiiff anailjfsifl^vesents the chemical character of a good 
- sample qt Bedfordshire ooprelTtes : — ^ 


CompotUion of Bk^qn^hire Coprolit§s. 


Mhtsture and wa\er of hombinatlott . 

8*36 

Phosphoric add* . 

. S8 47 

T.itn^ " • 

OxiSof iron ‘ . 

. 36*29 
. 6*39 

Alumina, magnesia, and fluorine 

Carbonic acid * . ' . * . . . 

. 7*24 

. 3*45 

Insoluble silicious matter . 

. 20*81 


100-00 

* Equal to tribasic phosphate of lime 

. 61*24 

* Equal to carbonate of lime • 

7*84 


Most of ^e diggings in Bedfordshire furnish brown-colourod coproHtos, containing 
a good deiU of oxide or iron, and resembling ig their chemical character Suffolk 
coprolites. 

Welsh or Silurian Phosphate . — Phosphatic minerals were discovered some ^enrs 
ngu in several places in North Wales. Thg phosphatic deposits occur not far from 
tho lend-boaring clay-slate districts of Llangynog. The rocks are Silurian, of the 
Llandeilo series, and the phosphatic minerals occur in clay-slate. 

Mr. Hopu Jones, of Uooton, Oheshire,. has tho merit of having first directed atten- 
tion to an extensive deposit of phosphatic minerals, which he discovered, ' whilst 
searching fur other minerals, in the neighbourhood of a place called Cwmgynon, 
about twenty miles west of Qewestry. The strata (clay- slate) in this locality contain 
several beds of contemporaneous felspathic ash and scoriae ; and the usual fossils of 
tho Llanrloilo seriee are found, but not in groat numbers. 

The strata of the district are vertical, and the mine nt Owmg^non has n good 
natural di^inage to a depth of about 600 fb. It can be economical! jr worked in 
galleries for phosphatic limestone and black phosphatic shalo. A true vein or fissure, 
cuntaiiiiug mica and metallic deposits, separates the phosphatic limestone from the 
black phosphatic shale. The vein and accompanying phosphatic deposits run east 
and west. 

The black phosphatic slate or band is fully 18 in. thick, and the limestone-bed from 
R ft. 6 in. to 0 ft. The vein which separates tlie two deposits fzum each other is 14 
bo 1 6 in. wide, and filled partially witn white pipe-clay, calcareous spar, and copper 
and iron pyrites. 

Since the discbvory of the phosphate mine nt Cwgigynon, others of a similar 
character have been found in North Wales ; and to some extent Silurian phosphate 
has made its wav into tho hands of manufacturers of superphosphate of l^e. The 
proportion of phosphoric acid in the black shale of Cvmgynon varies greatly. 
Towards the summit of the hill it is not nearly so rich in phosphoric acid as at a 
lower level, whore it appears in compact masses, free from carbonate of lime, and 
containing but little iron pyrites, of which considerable proportions occur in the shale 
ftom a higher level. 

A specimen taken from the mine, and weighing about 1 cwt., on analysis gave the 
following results : — 

Composition of a Sample of Silurian Phosphate. 


Organic matter and loss on heating (chiefly graphite) . d‘08 

Phosphoric acid ‘ 29*07 

Lime . 37*16 

Magnesia . . ' *14 

Oxide of iron 1*07 

Alumina, fluorine, and loss in analysis . . . 6*84 

Insoluble silicious matter ...... 22*14 


100*00 

- * Equal to tribasic phosphate of lime . . • • 64*77 

V(tt. IV. U U 



m MIKBBALS 

Jn thil ipMim«n df Siltiriaii phoipbftio sh&le no iron pyrites was risible to the 
naked <^e, am as it contained but little iron, iron pyrites cannot hare been premnt 
in utpreeiable quantities. It iras also free firom c^bonate of lime ; and^ besides 
black carbon, insoluble shale, alumina, and some fluoride of calcium, it contained the 
largest percentage of phosphate of lime ever found in picked samples from the 
Cwmgynon mine. In some places the black shale contains only from 25 to 80 per 
cent, of^hosphate of lime. It has been stated that it varies greatly in composition at 
diflferent depths of the mine. The black shale, moreover, passes gradually into the 
phosphatic limestone-bed, and in places contains from 10 to 15 per cent, of carbonate 
of lime and magnesia. 


Composition of Two Cargo-samples of Silurian Thosphate. 



No . 1 

No . 2 

Organic matter and loss on heating . 

4‘80 

8*21 

Fhosphoric acid ' 

18*67 

13 14 

Lime 

26*37 

2652 

Oxides of iron and alumina, fluorine, car- 1 
bonic acid, &c / 


20 65 

Insoluble silicious matter 

24*01 

27*48 

• 

100*00 

lOlToO 

1 Equal to tribasic phosphate of lime 

40-76 

28*68 


Mineral phosphates containing not more than the percentage of phosphate of lime 
were found in tnese cargoes, and so largo a proportion of oxide of iron and alumina 
are hardly saleable in this country. 

Immense quantities of phosphatic shale unquestionably exist in North Wales ; but 
the attempts to raise this mineral have not hitherto boon successful commercially. 
In 1875 the quantity of phosphorite returned to the Mining Record Office as being 
raised at Berwyn, Llangyny, amounted to only 122 tons 11 cwt. 

The following analyses of selected specimens of black shale from the mine at 
Cwmgynon, In North Woles, are illustrations of the variable character of this phos 
phatic mineral : — 


Composition of Four Samples of Black Silurian Shale. 



No . 1 

No . 2 

No. 8 

No . 4 

Organic matter and loss 1 






on heating (chiefly 
black carbon or gra- 


6 16 

4*87 

6-25 

8-67 

phite) 

Phosphoric acid ' . 


25-85 

24*78 

28*81 

26-86 

Lime .... 

38*58 

85*98 

28*19 

35-86 

Magnesia . 

•81 

•18 

5*22 

•96 

Oxide of iron 

I’On 

1-08 

r *58 

1-89 

Alumina, fluorine 

1*06/ 

\ 1*21 

5-88 

Carbonic acid, and loss 

— 

— 

12-01 



Iron . 8’51 f Iron^ 
Sulphur. 4*02 1 pyrites j 


7*52 

{K} ™ 

{!:» 

{11!} •« 

Sulphuric acid 

•17 

'21 

•16 


Insoluble silicious^ 
matter . . .j 


28*24 

25'] 1 

20*28 

22*94 


100-00 

lOO'OO 

100-00 

100-00 

* Equal to' tribasici 
^oephate 6f lime j 


55*62 

50'08 

61*02 

08-68 
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Canadian Canadian phosphate'll a yarlety of apatite which ocoure in 

more or less distinct crystalline masses, ur in drystiils of a light gruen colour. It is 
found in lar^ quantities in Canada, and occurs lu tissures ol granitic rucks, generally 
a»sociattid with gneiss or mica-slate. Usually it reaches this country in hard and 
heavy pieces, varying in sise, and weighing from + lb. to 8 lb. and upwards. Occa- 
sionally perfect crystals in the shape of sia-sidea prisms may be picked out from 
cargoes of Canadian apatite. These crystals have a light green colour, and glass-liko 
lustre and brittle texture. In this pure state the mineral is a definite comwund of 
phosphate of lime and fluoride of calcium. The commercial article, in addition to 
these constituents, contains a little oxide of iron, which imparts to it generally a 
light green and sometimes a reddish tint, and moro or less of the rock in the flssures 
ul which It is found. The shiny blades of mica, which generally are mixed up with 
Canadian apatite, give it a glistening appearance. Cood cargoes of Canadian phos- 
phate contain on an average from 70 to 72 per cent, of phosphate of lime, and cargoes 
are rarely shipped from Canada which contain less than 66 per cent, of phosphate 
of lime. 

The following analyses will convey a good idea of the high quality which charao 
torises most samples of Canadian phospha' 


Compoaition qf Canadian PhotphalM. 



No. 1 


No. S 

No. « 

No. 5 

No. 6 

Moisture, water of combiua- 
tion, and loss on ignition J 

-62 

■10 

•11 

1-09 

•89 

1-83 

Phosphoric acid ' 

33-61 

41-64 

37-68 

30-84 

32-63 

81-77 

Lime 

4614 

64-74 


42-72 

44-26 

43-62 

Oxide of iron, alumina, \ 
fluorine, &c. . . . / 

7*83 

3-03 

6-88 

18-32. 

12-16 

9-28 

lusolublo silicious matter . 

11-90 

•69 

4-29 


10-17 

18-60 


100-00 


100-00 

100-00 



' Equal to tribasic phos-l 
phateoflime . . .j 

78-16 

90-68 

82-26 

67-32 

71-01 

69-36 


Russian Phosphates . — ^Russia possesses extensive tracts of land in the Govern- 
mental department of Koursk whore coprolitic or phosphatic nodules occur in 
immense quantities. Russian copolite beds are not as yet utilised to any extent ; 
but there can bo no doubt that tooy are of great importance to Russian agriculture, 
and doubtless will be explored at no veiy remote period. 


Spanish Phosphorite. — Oeneral Composition of Twelve Carao-enmplee of Spanish Phoe- 
phorite imported into England tn 1876. 



No. 1 

No. 2 

No. 8 

No. 4 

No. 0 

No.O 

Water 


-68 


4-99 

•64 

•34 

1-14 

Phosphoric acid ' 


34-47 

33-26 



30-68 

29-46 

Lime . 

Fluorine, and a litde 


46-78 

48-20 

47-20 

42-42 

46-79 

42-66 

oxide of iron and 
alumina, carbonic 
add, 6 ec. 


4-08 

9-21 

10-63 

4-21 

18-66 

9-36 

Insoluble ailidous' 

matter . 


15-14 

8-23 

4-98 

21-76 

9-78 

1 17-41 



100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

' Equal to tribasic phoo-’) 
phateoflime. .j 


76-26 

72-60 

70-61 

67-88 

66-66 

64 36 
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No. 7 

No. 8 

No.O 

No. 10 

No. 11 

No.ia 

Water 

•84 

*44 

*56 

2*24 

*47 

*90 

Phosphoric acid* 

27*04 

27*87 

26*61 

26-55 

25-74 

18*71 

Lime 

Fluorine, oxide of iron, "I 

40*90 

86*50 

87*85 

88*13 

84*06 

33*14 

alumina, carbonic > 
acid, &c. J 


2*73 

10*24 

10*18 

2*52 

18-02 

Insoluble silicious I 

matter . . . ' 

20*20 

32*46 

24-76 


87*21 

29*14 







100*00 

* Equal to tribasic phos- 1 
phate of lime . j 

60-99 

60-84 



56*19 

40*84 


In concluding this section, Dr. Voblokbr adds a comploto analysis of a sample of 
Spanish phosphate which he made some time ago : — 


Detailed Compontton of a Sample of l^anish Phosphorite. 


Water 8*69'^ 

Phosphoric acid * 33*88 

Lime 47*16 

Magnesia traces 

Carbonic acid^ . • 410 

Snlphupc acid *57 

Oxide of iron 2*60 

Alumina ‘80 

Fluorine and loss in analysis 4*01 

Insoluble silicious matter 8*71 

100*00 

‘ Equal to tribasic phosphate of lime . . . . . 72*87 

’ Equal to carbonate of lime ..... 0*31 

The better qualities of Spanish or Portuguese phosphates, when ground fine and 


treated with sulphuric acid, produce light-coloured, concentrated superphosphates. 
They And a ready sale in the English market, and fetch a bettor price per unit per 
cent, of phosphate of lime than coprolites and mineral phosphates containing much 
oxide of iron and alumina, inasmuch as superphosphates mode from high-gitule 
Spanish phosphate retain their high percentage of soluble phosphate unaltered on 
keeping ; whilst those made from materials containing much oxide of iron and 
alumina, on keeping become poorer in soluble phosphate, a portion of the soluble 
phosphate becoming precipitated, or reduced into insoluble phosphate by tlie presence 
of oxide of iron and cdumina. 

Oerman or Naaeau Phosphate. — In 1864, Mr. Victor Mbtbb, of Limburg, subse- 
quently proprietor of several extensive phosphate mines in the Duchy of Nassau, 
made the important discoveiy of a rich phosphate deposit in the neighbourhood of 
Staffel, a vill^e near Limbuig, in the J.iuhn Valley. 

This discovery created a good deal of sensation at the time, and gave a power- 
ful stimulus to enterprising men to search the length and breadth of the Lahn 
Valley and adjoining districts for phosphates. These explorations brought to light the 
existence of phosphate d^sits in many other places in the Lahn Valley ; and at the 
present time phosphate mines are worked in the neighbourhood of Wetslar, Weilburg, 
Limburg, Dehren, Staffel, Medingen, Weilbach, and numerous other places. 

The most extensive Lahn phosphate deposits are found on tli4 left side of the 
river Lahn below Weilbach. The phosphate occurs in pockets, more particularly in 
places where limestone, dolomite, greenstone, and a calcareous amygdaloid oiwed 
locally Schalstein, ore intermixed with each other. It is found in these pockets em- 
bedded in a ferruginous clay, and is obtained in lumps of various sixes diflbring 
greatly in appearance. 

In some places the Nassau phosphate forms compact masses, having an earthy 
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fracture, and light grey or yellow colour. In other localitiee it appeara as a kind of 
conglomerate of braken pieces of phosphate cemented together by a red or brown- 
coloured clay, and intermixed with groenstone, manganeee, and ironstone. More 
rarely U occurs in slates with a shaly fmcture, and still more rarely in crystalline 
'niasses'. 

After these general remarks on German, Nassau, or Lahn phosphate, as it is called 
indiscriminately in England, Dr. Voelgkkr directs attention more especially to the 
chemical composition of a number of represent atiyo specimens and cargo-samples 
which have passed through his hands during the lust ten years. 


Detailed Compoeiticn of Three Specimens of rich Nassau Dhoephate {StaffelUe). 



No. 1 

No. 9 

No. 8 

Water .... 



•66 

•26 

•98 

Phosphoric acid ' 



40*66 

88-12 

8610 

Lime . . . , 



60-29 

63-92 

49-44 

Oxide of iron 


1 

1*21 

•93 1 

•96 

Alumina .... 


J 

8-07 

Magnesia .... 


\ 

•97 { 

•69 \ 

2-88 

Fluorine (by difference) 


/ 

816 J 

Carbonic acid * . , , 



— 

2*76 

1-87 

Sulphuric acid . 



— 

•09 

— 

Silica . . , . 



•32 

•09 

4-61 



10000 

100-00 

lQO-00 

* FiOual to tribasie phosphate of lime 


88-64 

83-21 

79-01 

* Equal to carbonate of lime 

• 


— 

6-25 

4-26 


General Composition of Various Samples of NaesaUt or Lahn Phosphates, 



No. 1 

No. 2 

No. 8 

No. 4 

No. 5 

No. e 

Moisture and water of com- 
bination . . .J 

2-32 

2-40 

2-42 

2-64 

1-39 

3-86 

Phosphoric acid ‘ 

33-49 

32-06 

31-08 

30-62 

26-67 


Lime .... 

46-62 

44-44 

42-53 


38-27 

37-62 

Oxide of iron . 

3-07 




J 8-41 

6-06 

Alumina, fluorine, carbonic *1 
acid, &c. . . .j 

9-49 

U3-94 

16 77 

16-16 

1 8-66 


Insoluble silicious matter . 

6-21 

7*17 

8-20 

8-58 

21-61 

1712 


100 00 

100-00 

100-00 

100-00 



1 Equal to tribasie phos-'l 
phateoflime . .J 

73-11 

69-96 

67-86 

66 68 

68-22 

56-80 


It may be stated that impure varieties are much more abundant in the Lahn Valley 
than those richer in phosphoric acid. Although the qimlity mny 1>« considerably 
raised by the plan adopted in the German phosphate mines, of sifti^ and washing 
the impurer sorts, a large proportion of the mine produce is too poor in phosphate of 
lime to repay tJie cost of exportation to England, for unless a cargo contains about 
66 per cent, of phosphate oi lime, German phosphate cannot be profitably sent into 
this oountiy. 

French Coprolitea . — The most valuable deposits in Fiance occur in the Ardennes, 
but these are, as yet, but partially developed. Those found near Boulogne ore lately 
imported into England. The following is Dr. Voblckbe’s analyses of five varieties of 
the Boulogne coprohtes 
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No. 1 

No. S 

No. 8 

No. 4 

No. 6 

Moisture 

‘84 

•79 

1-08 

1-18 

mm 

Water of combination and loss \ 
on heating . . . . J 

Phosphoric acid ' . 

3-14 

8‘24 


1-91 

|g 

21 06 

21-27 

21-27 


WSSm 

Idme 

33-06 

36 38 

33-68 



Oarhonio acid ^ . 

8‘66 

6‘26 

4-62 

3-94 

6-18 

Sulphuric acid . . .1 

6*81 

r -89 

•90 

1 3>24 

/ -86 

Fluorine, and loss in analysis . j 

\ 2-08 

2-77 


\ 4-96 

Magnesia .... 

•68 

•26 

-69 

‘83 

•66 

Oxide of iron .... 

2 89 

3-63 

3*64 

6-24 

3-62 

Alumina 

3-09 

3-66 

3-64 

6-39 


Insoluble silicious matter 

i 24*98 

23-56 

24-93 


28-46 




100-00 

100-00 

100-00 

' Equal to tri basic phosphate 1 
of lime . . . .j 

46-97 

46 43 

46-43 

45-19 

38-61 

^ Equal to carbonate of lime . 

8-07 

11-93 

10-27 

8-96 

11-66 


Tt will be seen that Soulonie coprolites contain about one-fourth theic weight of 
insoluble silicious matter, and considerable propoi-tions of oxide of iron and Aiumina. 
Like most coprolites, they also contain a good deal of fluorine. On the whole, they 
upo poorer in phospWo of lime, and richer in oxide of iron and alumina, than 0«ni- 
bridue coprolites. They resemble closely in composition the inferior phosphutic 
uudules wWh at the present time are dug up in Bedfordshire and in Norfolk. 

A superior variety of French coprolites is found in the Valley of the Bhone, near 
Bellegarde, close to the Swiss frontier. 

The following analyses represent the chemical character of two samples of such 
coprolites : — 



No. 1 

No. 8 

Moisture and water of combination 


2-95 

Phosphoric acid ' 


27-76 

Lime 


41-88 

Oxide of iron and alumina . . 

Fluorine ,/ 

14-38 

10-66 

Carbonic acid, &c.* 



7-10 

Insoluble silicious matter 

17*62 

0-76 


100-00 

100-00 

' Equal to tribosic phosphate of lime . 

^ Equal to carbonate of lime 

64-70 

60-60 

16-14 


No. 1 sample was taken from a bed nt Bellegarde, in the South of France, consist- 
ing almost entirely of phosphatic fossils, as terebratula, belemnites, ammonites, and 
sea-urchins. 

The discovery of minend phosphates in the valley of the Lahn, in Nassau, has 
lately been eclipsed by that of extensive and valuable phosphatic deposits in the 
valley of the Lot, a tributary of the river Garonne, which nows through &e upper and 
middle beds of the Jura and the lias fonuations. l>uring the last few years large 
quantities of phosphate have been imported into England from the Soutli of France. 
This phosphate is known in England under the name of French, or Bordeaux phos- 

S hate, it being usually shipped from tliat port. Like Lahn phosphate, the FiWfh 
eposit occurs in pockets, and varies greatly m appearance, texture, and in its chemical 
composition and commercial value. 

Occasionally French phosphate is found in snow-white compact masses of g mods- 
rate degree of hardness, and breaking with an earthy fracture. More frequently it 
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hai an opal-like apwranoe, a greyiah colour, a waxy lustre, and condioidal fracture. 
The while and opA-like specimens, 1 find, are very ricli in phosphoric acid, as are 
also those which oocur in botryoidal masses, or stalactitio forms. 

. The more ordinary kinds have a yellow or brown colour ; they are dense and hard 
to grind, but readily decomposed by sulphuric acid, and well adapted for the manu- 
facture of high-nade superphosphates. 

Inferior samples usually naye a dark- brown colour, or they appear as mottled and 
irregular masses or breccias, closely resembling some descriptions of Lahn phosphate, 
from which they are hardly distinguishable in appearance, or by their chemical com- 
position. 

When French phosphate was first brought into the English market, it frequently 
cuntaincd over 74 per cent, of phosphate of lime, and rarely less tiian 71 per cent. 
It would appear that at first only the richer deposits were worked in France, and 
sent over to England, probably with a view of securing a good reception to the 
newly-discovered deposits. 

A full analysis of Bordeaux phosphate is given. 

The sample No. 1, it will be seen, contained 77^ per cent, of phosphate of lime, a 
little oxide of iron and alumina, and about 4 per cent, more cariionate of lime than 
tJie second sample, which also contained but little oxide of iron, but a good deal ol 
alumina. 


Detailed CompoHiton of Two Samples of noh Bordi'aux Phosphate, 



No. 1 

No. 9 

Moisture 


228 

3-28 

Water of combination 


2*02 

1-24 

i^hosphoric acid ' . . . 


30-61 

83^72 

Lime 


47-81 

44-23 

Magnesia .... 


•12-1 

1-74 

Fluorine (by dififeronco) . 


•89/ 

Carbonic acid’' .... 


0 06 

3-26 

Sulphuric acid .... 


-64 

» 

Oxide of iron .... 
Alumina ..... 

; :} 

2-80 

12-66 

\6-42 

Insoluble silicious matter 


2-37 

8-45 



100-00 

lOO’OO 

' Equal to tri basic phosphate of lime . 

77-02 

mBM 

^ Equal to carbonate of lime 

• 

11-00 



General Composition of high qwlity French Phosphates. 



No. 1 

No. 2 

No. 8 

No. 4 

No. 6 

No. 6 

No. 7 

Moisture .... 

2-60 

2-90 

3-01 


|3-43 

8-50 

4*28 

M^ater of combination . 

2-62 

■Bfil 

2-11 

•60 

Phosphoric acid' . 

84-46 

84-91 

34-01 

36-30 

34-91 

84*71 

83-34 

Lime 

46-11 

48-16 

46-77 

46-14 

47-79 

46*78 

48-14 

Oxide of iron and alumina, 1 
carbonic acid, &c. . ./ 

10-77 

9-44 

11-61 

12-40 

12-07 

11*01 

10-61 

Insoluble silicious matter 

3-44 

808 

2-49 

2-69 

1-80 

4-05 

8-68 


100-00 





100*00 

100-00 

' Equal tr) tribasic phos-l 
phateoflime . 

70-23 

76 21 

74-24 

77-06 

76-21 

76-77 

7»-78 


South CarcUna^ or Charleston, Phosphates. — Professor Tuokit, in his Geology of 
South CaroUna, p. 1A3, says: — 

' The calcareous strata of the Charleston Basin occupy an irregular area of 50 to 
00 miles, extending from the Santeo on the east to the Ashepoo River on the west, 
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and lying betweni the Atlantic Ocean on the south and oast, and the limits oi tho 
Buhrstone fomation on the north. 

' Of these the Santee beds are geologically the lowest and oldest, and coUbisi of 
thick beds of white limestone, marl, and green sand. They dip or slope gently 
towards the Kuth, and underlie the newer Eocene marls of the (^per and Ashley 
rivers, of which those of the Ashley are most recent, and constitute the top of the 
Eocene series. 

' The combined thickness of these with those of tho Santee beds is reckoned at 600 
or 700 feet. The beds underlie tho city of Charleston, as proved by borings taken in 
1824 from the Artesian well, and extend umler the harbour, as shown by specimens 
t)f marl brought up by the anchors of vessels, and also by borings from the well at 
Eort Sumter, which, at 800 feet, brought up the green-sand of the Santee beds.* 

On page 238 he states : — * 

‘ Tho other marls and marlstones of the State present every variety, from a pul- 
verulent mass to the solid rock. . . \ They are rich in calcareous matter beyond 
example, and in addition to this they contain phosphate of lime in very valuable 
proportion. This exceedingly interesting ingredient is found must abuudautly on tho 
marls of tho fish bod of the Ashley, where it is derived from tho bones of marine and 
land animals buried in that deposit. Tho remains of crustaceous animals found in 
nearly all tho beds indicate another source of this substance.’ 

In or about tlio year 1844, Professor Holmes published tho results of his experi- 
ments on * Marling,’ in the columns of the SouiA Carolina Agriculturist^ and in de- 
scribing tho superposition of the bods in his marl-pit, mentions n remarkable bod of 
nodules as ‘ conglomerates,’ 12 in. thick, bedded in tho clay and sand, which overlaid 
the heavy bods of marl below. Whilst searching for phosphatic materials, Pr. Pkatt 
found in 1867 that a bed or stratum, outcropping within ten miles of the city of 
Charleston, contained phosphatic nodules in groat abundance. 

This bud or stratum, l)r. Pkxtt says, has been long known in the history of tho 
gc'ology of South Carolina as the Fish Bed of the Charleston Basin. It is found out- 
cropping on the banks of the Ashley, Cooper, Stono, Edisto, Coosnw, and Coiubahce 
Kivurs, or their tributaries ; but it is developed must lioavily and richly on tho Ashloy, 
and no doubt extends along the coast cast, and especially west, to unknown limits, 
and has been found as tar inland as forty or ftfty miles. 

According to the same authority, the bed varies from 17 to 18 in. in thickness, some* 
times, though rarely, iucredsing to two or three feet, and in some places it thins out 
to a few scattering nodules on or near the surface. It consists essentially ot indn- 
I'atod, irregular-rounded nodules, buried in an adhosivo and tenacious blue cla> and 
sand ; sometimes, however, it exists in continuous buds, or large lumps, or conglome- 
rates of soft chiilky consistency, as if it had been originoliy a soft pasty mass of phos- 
phatic mud, that lias since become semi-consolidated. Associated with these are a 
most wonderful assortment of animal remains, among which bones of marine animals 
are so abundant as to have induced Professor L. Agassiz, twenty years ago, to call it 
' the Fish Bed of tho Charleston Basin.’ 


Ddailed Compoiitim of Two ExamfUt of South Carolina Land Thosphates. 



No. 1 

No. 3 

Moisture "I 


r 8-88 

Water of combination . . . . j 

2'78 

\ 1*79 

Phosphoric acid ‘ 

24*18 

24*66 

Linio 

88*78 

37‘18 

Magnesia 

■67 

•76 

Oxide of iron 

3*90 

4*18 

Alumina .... • . 

8*20 

4-90 

Carbonic acid ’ 

2*91 

4*08 

•Sulphuric acid 

1*84 

not determined 

Alkaline chlorides (common salt) 

2*18 

— 

Fluorine and loss 

8-60 

2*06 

Insoluble silicious matter (fine sand) 

19*13 

16*08 


100*00 

100*00 

' Equal to tribasio phosphate of lime 

62*72 

68*83 

’ Equal to carbonate of lime 

0*61 

0*27 



PHOSPHATIC MINERALS 


665 


Comptmtion of South Carolina Land ThoaphaUi, 


N 0.1 

Mo.S 

No. 8 

No. 4 

No. 0 


“^'‘rfcombinition: :} ««» (ToS 1*84 

Phosphoric lu!id^ . . 26*60 24*20 22*06 25*47 23 03 24 80 23*36 

Lime . . . . . 37*20 38*71 37*24 40*11 36*76 38*84 36*41 

Oxide of iron and alumina, J gj 17-28 16*45 18*82 16*88 17*01 16*64 

roaguesia, carbonic acid, 6cc. / 

InlBoluble siliciouB matter . 12*63 17*43 14*06 11*62 14*43 11*67 14*67 


100*00 100*00 100*00 100*00 100*00 100*00 100*00 
' ^phitfof Ume**.*’**°*l} ®®'®* 



Composition of Carolina River Phosphates. 



SomArero Phosphate . — Sombrero Hock phosphate is found on the small uninhabited 
island, cue of the group of tho Leeward Islands, in the Caribbean Sea, about 60 miles 
east of the Danish West Indian Islands, and the same distance from Guadeloupe. 

The following is the composition of four cargoes, imported into England in the 
course of the year 1876 

Compomtion of Sombrero Phosphate, 


Moisture 

Water of combination 
Phosphoric acid* 

Lime .... 
Oarbonie acid* . 

Oxide of iron, and alumina, &e 
Insoluble silioioos matter 


* Equal to tribasio phosnhate of lime 

* Equal to carbonate of lime 


N 0 .I 

No. 9 

No. 8 



7-08 

7*63 

8*14 

1*64 

1*49 

32*82 

32*46 

81*70 

46*33 

46*11 

46*92 

6*68 

7*83 

7*80 

7*14 

4*29 

4*87 

*99 

1*16 

1*09 



100*00 

71*66 

70*84 

60*20 

12*68 

16*64 

16*60 
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Kavaiia pho^hate is derived from another small uninhabited island in the Caril> 
bean Sea. The bulk of the deposit oonsists of globular grains of phosphate of lime, 
eemented together into hard masses, and mixed with oxide of iron, ^umina, carbonate 
of lime, and silicious matter. 

Detailed CompoeUion of Navaua Phosphate, 



No. 1. 

No. S 

No. 8 

Moisture 

> Water of combination and organic matter 

Phosphoric acid ^ 

1 Lime 

Magnesia 

Carbonic ncid* 

Oxido of iron ...... 

Alumina 

Sulphuric acid, fluorine, &c. 

Insoluble silicious matter .... 

6‘91 

6-46 

81*18 

37*70 

2*38 

4*18 

9*11 

1*16 

2*92 

8*60 \ 
416/ 
28*47 
34*07 
•46 
2*30 
4*49 
9*48 \ 
1*81/ 
6*28 

12*08 

31*16 

38*68 

2*29 

3*98 

9*30 

2*62 


100*00 


|QQQ||h 

' Equal to tribasic phosphate of lime 
* Equal to carlMinate of lime . . . | 

68*07 

6 41 

62*16 

6*22 

' 68*01 
6*20 


8t. Martin's Phosphates.— Thase are found on St. Martin, a small island belonging 
to the Windward Islands. 

The following are analyses of two samples of St. Martin's phosphate : — 



No.l 

No.S 1 

Moisture and water of combination . 

6*04 


Phosphoric acid ' 

24*14 


Lime 

47*69 

60*41 

Magnesia 

■38 

•22 

Sulphuric acid 

Carbonic ocid^ 

*18 

•45 

14*20 

6’60 

Oxide of iron 

1*61 

1-40 

Alumina 

2*90 

1-87 

Insoluble sUicioua matter .... 

8*87 

■87 


100*00 

100*00 

' Equal to tribasic phosnhate of lime 
* Equal to earbouate of lime . 

62*70 

82*27 

76*60 

14-08 


Aruba Island Phosphates.— Another pbosphatic mck or mineral has recently been 
discovered on Aruba Island, one of the leeward Islands, in the Caribbean Sea, situ- 
ated 12° 86' north latitude, and 70° 8' west longitude. 

The samples of Aruba rock phosphate which have come under notice are compact 
hard, stone-like masses of a light-brown or yellowish colour, with darker, ^ocolaite- 
bzown, coloured bands and blotches, whidi give the Aruba phosphate a peculiar and 
ehaiacteiistic appearaoee. Aruba phosphate contains from 63 to 76 par cent of 
phosphate of lime, ^th vitriable quantities of carbonate of lime, oxide of iron, 
aluminiy inaoluble eilicious matter, and similar impurities usually found in phosphaiie 
minerals. In illustration of the chemical character of Aruba phosphate, analyses of 
five Oamples of Aruba phosphate are given. 
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Ko.l 

No.l 

Mo. 8 

Mo. 4 

No. 6 

' Meistuce and water of combi- 
nation . . . .j 

6*65 

8*79 

6*64 

8*79 

6*48 

Phosphoric acid* . 

81*11 

KISTa 

28*96 

83 04 

84*94 

XjIIRO • a a • « 

41*69 

47*63 


47*63 

42*91 

Carbonic acid* 

6*69 


r *98 

I 


Oxide of iron . . . 


U4-60 

^ 9*26 

W4-60 

16*43 

Alumina^ &c / 


/ 

L 17*22 

/ 


Insoluble silicioas matter 

*24 

1*04 

7*87 


•24 


100*00 


100*00 



' Equal to tri basic phosphate \ 
of lime. . . ./ 

* Equal to carbonate of lime 

67*91 

15*20 

72*13 

63*20 

2 23 

72*18 

76*28 


ZT/ donda Pfiosphafe . — Some years ago a peculiar phosphate, mistaken at the time 
for phosphate of liiuo, 'was discovered ou the Jledonda Island. 

'I'his mineral consists principally of hyilratod phosphate of alumina, contaminated 
with more or less oxide of iron and insolulJo silicious matter. Most samples contain 
tin lime whatever, and in consequence Redonda phosphate caniiul be used in the 
manufacture of ordinary superphosphate of lime. 

It is, however, utilised in chemical works for the production of alum, for which 
several patents have been taken out in England, and it yields impure phosphoric acid 
as a by-product in the manufacture of that alum. 

Composition of Four Samples of Kedonda Phosphate. 



Mo. 1 

Mo. 2 

Mo. 8 

No. 4 

Moisture and water of combination . 

23*23 

21*15 

BE9 


Pliosphoric acid * 

36*95 

87*04 

Tf W 


A lumiua and oxide of iron . . . 

36*38 

82*26 



* Insoluble silicious mutter 

1 

3*4 

9*66 

EQ 

lUia 


100*00 

100*00 

100*00 

100*00 1 

' Corresponding to tribasic phosphate of') 

1 lime J 

80*66 

^ 80*86 

42*36 

84*09 1 


Alta Vela Phosphate . — Alta Vela Rock phosphate is found on the small island of 
Alta Vela, near St. Domingo, and is another form of crude phosphate of alumina, 
which may be used for the same purposes for which Redonda phosphate is employed. 
It appears to vary in composition to a greater extent than Redonda phosphate. 

The following is the composition of t^ee samples of Alta Vela (St Domingo) phos- 
phate : — 



Mo.l 

Mo. 9 

Mo. 8 

Moisture. . . . . 

Water of oombination . . ./ 

Phosphoric add * .... 

Oxide of iron 

Alumina 

InsolttUe lilicioiis matter 

18*61 

20*07 

7*88 

21*20 

82*84 

19*33 1 
26*28 ^ 
7*28 
20*22 
26*99 

4*19 

12*19 

10*86 

2*79 

21*98 

2;^‘19 

* OoRiSspoiidiiig to tribasic phos-'l 
phateoflime , . . ./ 

100*00 

100*00 

100*00 

43*81 

67*26 

67*87 
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Alta Vela phosphate is a harder rock than Redonda phosphate, and of a lighter 
colour. 

Dr. VoBLCxan concludes his most valuable paper with the following remarks ; — 

All the minerals described in the preceding pages are of little use for agricultural 
purposes, except whon they are treated with sulphuric acid. Some, for instance, 
Gorman phosphates, have been usefully applied to the land simply in a finely pow- 
dere<l state, and no doubt in the immediate neighbourhood where phosphatic minerals 
of a low quality are found, and are procurable at a trifling expense, they may be used 
with advantage in a powdered state, like marl, in large quantities, say at the rate of a 
ton or more per acr« ; but as a rule, phosphatic minerals ore mainly of use to the 
manufacturer of superphosphate, whose aim it should be to render, by treatment with 
sulphuric acid, the insoluble phosphate of lime contained in them as completely 
soluble in water as possible 

Soluble phosphate of limn is a doflnite chemical compound, and in all respects just 
as valuable for manuring purposes lis soluble phosphate obtained from bones. On 
the other hand, insoluble phosphate, In the shape of undecomposed phosphatic 
minerals, has little or no practiml manuring value, whilst in the shape of bone'dust 
it is sufficiently available as plant-food to bo of considerable value. — The papers of 
Dr. Aitottstus Voblckhb, F.R.S., in the Journal of Ote Royal AgricvZiwral Society 
of England, published in 1861 and 1876 ; The Potion and Wicken Phoephate Deposits^ 
by J. J. Barkis Tkalh, B.A. 

PBOBPBATIC WOOB. Dr. Vorlckbr gives the following as the composition 
of fossil phosphatic wood found in Bedfordshire coprolite beds : — 


Moisture 

Organic matter and water of combination . . . 8*49 

Lime 47*76 

Phosphoric acid ' 82*96 

Oxide of iron and alumina, carbonic acid, &c. . . 10*49 

Insoluble silicious matter 4*19 


100*00 

* Equal to tribasic phosphate of lime . . . .71*96 

The structure of the wood was most distinctly preserved. It will be seen that the 
fossilised wood hiid lost almost all its organic matter, and that it had been replaced 
mainly by phosphate of lime. The specimen analysed me contained as much ss 
72 per cent, of phosphate of lime, and, comparatively speaking, little silicious 
matter and oxide of iron and alumina. 

PBOBPBATB OP TTTBXA. A very flnp yellow crystalline example has 
been found by Mr. A. BIowitt at Bonary, Gippsland, associated with very highly 
modified minute crystals resembling zircon. — Report of Progreee, Geological Survey of 
Victoria. 

PBOBPBZBB OP OOPPBB. M. Dklatot and others now regard the sup> 

S )8ed alloy of copper and pbosphoras as a true chemical compound. According to 
XLATOT, the percentage of phosphorus varies from 2 to 4, between which there may 
be an infinity of degrees, althougn for industrial purposes five varieties meet all the 
requirements. These are formed with 2 per cent, or phosphorus, 24 per cent., 3,. 3^ 
and 4 per cent. Above 4 phosphor bronze ie useless, but between 8 and 4 per cent, 
the metal is claimed to bo superior to any other alloy. See Brokzb, Phosphorus. 

PBOBPBOB BBOVSB. (Vol. iii. p. 554). Dr. Fkrcy {Metallurgy, vol. i. Ist ed. 
p. 270) first notices the combination of phosphorus and copper, j^ubsequently the 
combination of phosphorus and bronze has been largely employed. The strength of 
this alloy has been already referred to in the former volumes. The many peculiarities 
of this alloy are noticed in the Scientific American in one of the excellent articles 
on the Centennial Exhibition at Philadelphia, which have appeared in that journal, 
and the following extract gives some evidences of it : — 

* This alloy has been in use but three or fijur years, but such are its remarkable 
properties in adaptation to many of the most importautvnginaering necessities, that 
It has taken great strides tow^s supplanting old and favourite metals and com- 
pounds. It possesses extraordinary tenacity, while it is more easily manipulated 
than the metals and alloys whose places it is rapidly Uvking. One of the most impor- 
tant, characteristics is, that it resists abrasion and wrar from fnctional nibbing of 
surfaces far more persistently than is true of any other known metal or alloy. It 
exceeds in this particular even hardened steel for some purposes. The speeimeDS 
exhibited consisted of a considerable variety of bearings and working parts of 
machinoty, wrenches, scissors, hammeni, &c., the most of which have been subjected 
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to tests appropriate to thorn, and the result shown. Among those ore a pair of 
worms, or endless screws, which have boon run in articulation with toothed worm- 
wheels for eighteen months in a place, and under circumstHuces such as had, previous 
to the adoption of this material, destroyed them when made of bra^s in twelve days ; 
and these specimens showed but slight signs of wear after such an ordeal. A largo 
shaft-bearing forming a step, which had suffered more than ordinary pressure on its 
collar, and wliich had boon repeatedly replaced when made of brass, after three weeks’ 
service, had suffered a diminution in the thickness of collar scarcely appreciable after 
eight months' use, the mills running night and day. An eccentric strap uhich hud 
run eighteen months, was reduced in thickness at the crown | in., where the ordinary 
gun-metal straps had been replaced evorv three months. Perhaps the most striking 
example given of the ability of this alloy to resist wear and tear is that of an 
hydraulic pump plunger. This plunger had been ut work for 672 days at the rate of 
60 strokes per minute, under a pressure of three tons to the sq. in., and showed no 
signs of wear; while lying by its side is a hardened stool plunger which had l>eon 
subjected to the same work during sixty days, and was worn down to such an extent 
as to bo of no further use. Phosphor bronze is one of the metallic compounds which 
does not contract in cooling until after the point of solidiflcatiun has been completely 
reached, which property, in common with zinc and many of its alloys, renders the 
casting from it in perfection of fine-membered objects, such as busts, statuary, and 
other ornamental work. This property is well shown in two figures or busts, the one 
fliiisbc'd, and the other just as taken from tho mould ; the latter being as sharp in all 
its fe*i lures and linos as tho former. Specimens of wire made from this alloy are albO 
shown, with tabulated data of experimental tests made with it, whicli established 
that, while it is more ductile than copper, it exceeds in tenacity some of the strongest 
of steels. This entire series of examples will well repay a visit from even the most 
unprofessional man who may be in search of only general information, and contains 
an invaluable store for the mechanician and ongiuoer.’ See Bronzk, Phosphor. 

PB09PB0BZTB, EsTBHHADUiiA. This is a mineral substance confining 
phosphoric acid found in the province of Estromadura, and now sent largely to 
Hamburg to be used for manure. It is of a yeliow-ruddish colour, knotty, and as 
hard as stone. This mineral does not contain nearly so much iron oxide as the Labn 
|)ho8phorite, and is tborofore not liable to the risk of the phosphoric acid becoming 
insoluble, which is often the case. 

The percentage of phosphoric acid in this mineral is only about 28 per cent., about 
6 per cent, less than the best kinds of guano, and it furnishes a supeirohosphate of 14 
to 1 6 per cent, dissolved acid. The superphosphate has a dry crumbliDg form. The 
quantity of carbonate of lime varies greatly. The following are the results of the 
various analvses : — 


Phosphate of lime 
Phosphate of magnesia 
Carbonate of lime 
Sulphate of lime 
Iron oxide 
Aluminium oxide 
Fluoride of calcium 
Manganese 
Silicic acid • 

Water • • 


J*orio Packet, 


64-691 

7010 

8065 

1’200 

0-621 

0- 165 

1- 520 
trace 
26-720 

0-260 

99-242 


Phosphoric acid 
»» %. 


Fhosphoric^cid 


. 25*062 
. 8-798 


. 28-860 


Phosphate of lime • 
Phosphate of magnesia 
Carbonate of lime . 
Sulphate of lime • 

Iron oxide 
Alnmininm oxide 
Fluoride of caldam . 

SUicio aeid « • 

Water • • • 


Afaria Sophia, 


62-862 

1- 605 
18-686 

2- 440 
0-628 

0- 985 

1- 204 
16-412 

1-175 

99-389 


Fbosphorio acid 


Fhoaphorio acid 


. 28-658 
. 1*026 


• 29*679 
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Catharina. 


Phosphate of lime . 



57-369 

Phosphoric acid 

. . . 26280 

Phosphate of magnesia 



0*708 


• • • 0*888 

Carbonate of lime 



7*885 


* 

Sulphate of lime 



1*590 



Iron oxide 



0*453 



Aluminium oxide 



0*405 



Fluoride of calcium . 



1*822 



Silicic acid 



29*428 



Water 



0*790 






99*959 

Phosphoric acid 

. • • 26*663 




1 Stamboul. 


Phosphate of lime . 



59-594 

Phosphoric acid 

. . . 27*300 

Phosphate of magnesia 



8*977 

»» 

• • . 2*155 

Carbonate of lime 



13*327 



Sulphate of lime 



0*858 



Iron oxide 



0*910 



Aluminium oxide 



0*427 



Fluoride of calcium . 



0*983 



Manganese 



trace 



Silicic acid 



19*164 



Water 



0 721 






99*961 

Phosphoric acid 

. . . 29*4^ 


A new form of phosphorite has been found in some specimone of phosphorite 
recently discovered in Southern Hussia. The mineral occurred in rounded masses, 
varying in size from 6 to 9 in. in diameter. The outer surface was smooth, and pre- 
sented an uppearanr'e highly suggestive of the form being due to the action of running 
water, but upon fracturing several of these balls he found in every instance that they 
were composed of a number of fibres rudiatiug from the centre, of small size, and of 
bluish grey colour, having a hardness of about four. These balls wore not solid 
throughout, but near the centre contain fissures similar to those found in Septaria 
and clay ironstone, and theso fissures were in every case coated with a tliin film of 
phosphorite of a yellowish -brown colour, which he tliought might possibly be a small 
quantity of staffelite. The sp gr. of the phosphorite was about 3‘26. An analysis 
by Mr. Oxtox showed phosphoric acid, 35 18, carbonic acid TdO; ]<me, 47 88; 
oxides of iron and alumina, 2'65 ; silica, 8 25; water in combination, 1'80; ditto at. 
2, 127*30; undetermined, 2'97. Equal to tribasic phosphate of lime, 76*88; and 
carbonate of lime, 3*41. Other analyses have shown a still greater porcentego of 
phosphoric acid, some as much os 82 to 84 per cent, of tribasic phosphate, so that in 
spite of its unpromising appearance it was really rich in the element so valuable for 
agricultural purposes. It was possible that further examination of these rocks might 
show that these phosphate deposits occupied the same geological horizon as those 
recently discovered in Wales. — Mr. H. H. Gunn, TranBaatiom of the Mineralogical 
Society. 

FBOTOOA&VAWOO&APBT. (Vol. iii. up. 562, 573.) The following process 
is given by Josbf Lbifolu in Dinolku’s Jowmai. A plate of white glass, as even as 
posrible, is coated with a mixture of 15 grams of gum dissolved in 8 ozs. of water. 
2 grams of bichromate of potash dissolved in 1^ grams of water, 1 gram of nitrate of 
silver dissolved in 1 ^ oz. of water, and ^ gram of iodide of potassium dissolved in 1 oz. 
of water. A little glacial acetic acid is addcxl to the mixture. The sensitive plate 
should be dried at SS'’ C. for some hours and then exposed to the air of a dark room. 
The plate is exposed for printing for from three to five hours in diilbsed light It is 
developed with a mixture of 16 parte of water with 1 part of alcohol. A cast is taken 
with a mixture of 425 parts of spermaceti, 200 parts of stearic acid, 170 of white 
wax, 70 of asphalt and 70 parts of graphite. The east is brushed with a soft hair- 
pencil to remove irregularities, and riien dusted over with finely powdered graphite, 
and an electrotype is taken in the usual way. 

BBOTOOBAVBT. (PnoTOOBaTKio ENoaaviNa, vol. iii. p. 562, pBoroosAnho 
Fbintino, vol. iii. p. 564. Pbotoobafht, vol. iii. p. 666.) Alkaline solutions ^ve 
been introduced for the development of the photographic image. It has been uiuaUj 
aMomed that their sole fhnction is to radues to the metallic state the particlea <» 
bNMide of silver whidi hive been acted on by light. 
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The alluline developer coniiete of pjrogallie add or other oxy^n aheorber— an 
alkali euch ae liquid ammonia, and a ' restrainer ' such as bromide of potassium. 
These are ^nerally mixed together and applied to the Aim, on which has been im- 
tiressed aiv invisible image. Those parts ac^ on darken under the influence of the 
iollition. whilst, if the surface be in a proper condition, and the proportion of the 
restrainer to the alkali be well balanced, the portions unacted on by light remain 
unchanged. The image thus formed is soluble in nitric acid, and further tests show 
it to be metallic silver. 

A series of remarks, founded on very excellent experiments by Captain Abmxt, 
R.E., F.R,S., will be found in the Philosophical Magazine for December 1876, which 
should be consulted. 

Captain Abnbt'b alkaline developer consists as follows : — 


1. Fyrogallic acid 

. 16 

grains 

Water 

. 1 

oz. 

2. Bromide of potassium 

. 20 

grains 

Water 

. 1 

oz. 

3. Liquor ammonia (*880) . 

. . 4 

oz. 

Water 

8 

OZB. 

Or Potash 

. 16 

grains 

Water 

. . 1 

oz. 


The following improvements in carbon printings by Th Honikbl are of consider- 
able value ; — 

1. After the tissue has been sensitised upon the bicliromato bath, it must not be 
proBsod too firmly against the glass plate upon whicli it is laid , otherwise defoctii o 
parts are produced. As, however, this pressing out of moisture is beneficial, butii 
because the tissue dries faster and assunips a finer surface, I prefer pressing it by 
means of a polished zinc plate, but equally over the surface. 

2. The tissue dries best if the upper in.irgin is clasped between two thin laths by 
means of clips, and if the laths have been waxed the tissue will not adhere to tlieni 
when dry. 

3. The actinometer may be advantageously covered with a yerg pale yellow glass, 
so that the silver paper underneath is longer in printing, for tints are much moie 
distinguishable in a light than a dark impression. My actinometer has inside a 
movable roller which may be pushed on one side ; upon this tlie paper is easily fixed, 
permitting a hundred exposures to be given. 

4. Car^n tissue prints comparatively quicker in dull weather than in bright light 
or sunshine ; that is to say, a print is of a darker tone if produced bv slow printing, 
than one which has been brought to the same pitch, judging by the actinometer 
quickly, in a bright light. 

b. To the collodion serving as development basis maj^ be added with advanta^ a 
small quantitv of negative varnish, as much as it will stand without becoming n^lky 
in the water bath. In this way a more stable and firmer film is produced, and one, 
moreover, which easily quits the glass at the end of the operation. 

6. For transparent positives it is best not to employ any substratum at all ; the 
glass may be polished and coated with albumen, as in the negative process, however, 
without any fear of the imam leaving the glus. 

7. The l^t materials to develop upon for ordinary work tat fine matt glass and 
polished zinc. The trimming, mounting, pressing, and retouching of the pictures are 
the same as in the case of silver prints, only the operations must be performed with 
a little mote care. As regards vigour, tone, glaze, and appearanoe, carbon prints 
may be secured i^uite similar to albumenisod pictures. Silver and carbon prints are, 
indm, often verv difficult to distinguish, 

8. In large pictures developed slowly at a low temperature, a material influence 
may be exercised upon the tints of the background, drapery, and hkh lights, by tlie 
jucucious application of a stream of lukewarm water applied by hand. 

9. Chrome-alum solution I employ always in a concentrated form. 1 pour it but 
once over the image, allow the liquid to remain upon the plate, held in a horizontal 
position for a short time, and then rinse with water. 

10. In dev^ping direct upon paper the waterproof solution of borax, shelkc, and 
soda should be made up with snellac of a reddish-brown tone; it imparts to tlie 
paper a pleasant rosy tint similar to that seen of rose-coloured albumeniim paper. ^ 

1 1. More than two rows of small pictures should not be developed upon one basis, 
as prints at the margla of the plate, whose vigour requires to be eometod by the aid 
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of a wann water atream, can be eaailv treated ; whereas, if there is a middle row ot 
ima^, these are only dealt with with difficulty. 

12. Pictures are more difficult to remove from glass, especially patent plate, when 
dried rapidly. 

18. In the case of pictures having a high gloss, when these are half dry, a two or 
three-sheet moist cardboard is attached by means of good fresh paste, and upon this 
is put a sheet of moistened paper, the whole being covered for some time by another 
glass plate kept down by a moderate weight. — Photo^aphisoho Arokiv. 

A new carbon process has been introduced by M. FAuaiua : — 

A sheet of paper is allowed to float upon a solution of 6 grams of chloride of iron 
and a similar amount of citric acid, which are dissolved in 100 grams of water. This 
paper is afterwards dried in the dark and placed under a negative to print, until a * 
weak image is produced. This print is taken and floated upon a bath of coloureih 
gelatine solution, when it is found that the gelatine attaches itself to the portious of 
the surface that have been licted upon by liglit. There remains nothing but to wash 
the sheet in water, and the picture is flnishod. If, instead of a coloured solution of 
gelatine in water, softened tissue were employed, the printed chloride of iron paper 
being pressed into contact with the same, warm water being used subsequently to 
separate the two surfaces again, there would perhaps be a step further gained in the 
simpliflcation of the carbon process, for the pictures would be visible at once during 
the printing operation, and could therefore be controlled. Dr. Libsbqanq, writing in 
the Arohiv, is of opinion that an improvement in the carbon process may be effected 
in this direction, and that the Farotbr method indicates a branch of the subject 
which might bo investigated with —Photographic News. 

Photographs in Colour. — M. hr S. Fia)rbmt gives the following desc^ption of his 
experiments in producing sun-picturos in colour : 

After many unsuccessful attempts, I have at last been fortunate enough to discover 
a method of producing, with great ease and certainty, heliochromic prints whose 
colours are closely alliw with those of nature. 1 have obtained by my method re- 
productions of coloured glass and stamps. I can also obtaiu landscapes m the camom, 
but with colours rather weak in nature, the result, no doubt, being capable of im- 
provement by having recourse to a better adapted apparatus. My method of ope- 
rating, at which 1 have arrived after numerous trials and experiments, I will now 
describe A sheet of paper, with as flue a gnvin as possible, is plunged into a silver 
bath made up as follows: nitrate of siher and distilled water, 20 parts of each; as 
Boon as a solution lias been made there is added, alcohol, 100 parts; nitric acid, 

10 parts. When the sheet has boon thus treated and dried again, it is further 
plunged into a solution of — 

Hydrochloric acid 80 parts 

Alcohol » 50 „ 

Nitrate of uranium 1 „ 

A little sine white Is dissolved into the hydrochloric acid beforehand. 

^ After this double treatment the sheet of paper is exposed to sunlight for a short 
time, until its surface has assumed a violet blue rint. It is then immersed ogain, 
after desiccation, in the silver, as also in the hydrochloric bath. These operations 
are repeated until a most intense blue has been obtained, this being the only way to 
secure very vigorous images. 

Before the paper is altogether dry it is put into another bath, made np by adding a 
few drops of a solution of mercury, dissolved in nitric acid, to some distilled water. 
The sheet is allowed to remain from five to ten minutes in this last-named bath, and 
is then dried by contact with blotting piper. 

The sheet thus sensitised is then exposed to light under coloured glass— a coloured 
magio-lantem slide, for instance ; and after a period of twenty to thirty seconds in 
the sunlight, an impression on a white ground is obtained, with all the colours of the 
model. The colours are more vivid, and the rapidity quite as great, if there is added 
to the bath just mentioned — 

Saturated solution of bichromate of potash or 

ammonia 2 parti 

Sulphuric add 2 „ 

Chlorate of potash • . . . . 1 „ 

To fix the prints, in some degree, they are washed in plenty of woteri and then 
fmmensdin — 

Ammonia 5 parte 

Alcohol « 100 N 
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After again washing, the impression ts put in a bath saturated with an alkaline 
ehloride. Then, after a final washing, the image will be found to resist for a con- 
siilerable time the action of diffused light. 

• 1. Much greater rapidity is obtain^ if the chloride of silyor paper is darkened 
* under violet or blue glass. 

2. If, on its exit m)ni the nitrate of mercury bath, the sheet is expo'^ed under a 
coloured glass, and there are interspersed, between tlie sunlight and the glass, screens 
or glasses of different colours, it will beobserred that the colours appear more rapidly 
under the yellow, green, and red screens, than under the blue and indigo ones. 

It must not bo forgotten that Sir John Hurscuici. produced several of the colours 
of the prismatic spectrum upon papers covered witli chloride of silver, which has 
been allowed to assume a leaden tint by keeping in the dark. 

VhotnyraphB wilhout the Salta of Silwr . — The .ATews nublishes some 

descnjitions of the preparation of photographs without the salts of silver, by Dr. 
Di \iuoND. In Mr. KonuaT Hunt's Seaearchea on Light will be found several processes 
by moans of which pictures are obtained without any silver salts. Especially the 
‘ chromotype ’ is a r«*m.irkablo example of the productiuu of very strongly culourefl 
pictures by the use of tin* sails of chromic acid. 

W'oi-kiMg in (ho sHiiie direction with new combinations, Dr. Diamond has succeeded 
in jjroducing some fine results. In tone Dr. Diamond's pictures resemble the rich, 
lirowii-rcd engravings ot liARTOLixc/xi, and possess for many subjects a singularly 
])leasMjg and arti‘*tic effect. But they h;ive other peculiarities. The image, whilst it 
IS tl.oroughly embedded, as it were, in the texture of the paper, has nothing of the 
hat sunken-in effect which such a condition generally produces. It is crisp, bold, 
and vivid on both sides of tlie paper, and very beautiful when examined as a trans- 
p.-ireiify by transmitted light. The paper on which they are produced acquires in the 
treatment something of the quality of vellum ; it becomes tough, close, and firm in 
texture, and a surface somewhat resembling satin. When printed with a' masked 
margin tlie prints may bo preserved very satisfactorily without mounting. The 
mode in which the prints in question are produced is as follows:^ 

Solution iVo. I,— Nitrate of uranium .... 360 grains 
Nitrate of copper . . . . 100 „ 

Dissolve in 6 ozs of distilled water, and pour into a fiat glass dish. Pass sny ordinary 
piper through it which has been sized with gelatine; ordinary writing-paper answers 
roimirkably well, but thin Whatman or Turner’s paper is the most reliable ; an 
immersion of a couple of minutes is sufficient to enable the paper to be thoroughly 
}iermeatrd by the solution ; it is then suspended and dried in the dork, and will keep 
•iiiy length of time, just ns the old iodised paper does in the calotype press. The 
pHper will ac(|iiire a comp ictness very similar to what is called the vegetable parch- 
ment. In use d 18 as sensitive as the usual silver paper — ten minutes may be a 
medium time for exposure iiiidor an ordinary glass negative. When removed from 
Ihp printing-frame a faint resemblance of the fiiture picture is observed. It should 
then be passed through the following solution, drawing it to and fro to insure equality 
of immersion, and the image immediately sbirts out, of a rich brownish red, and a 
bronze-like lustre; and when the exact exposure has taken place, there is little 
difference in viewing the image on either side, the deposit being in the very Bubstniicr< 
of the paptT ; in fact, it gives a voiy pleasing result viewed through a transparency — 

Solution yo. 2. — Ecrrocyanide of potassium . , ^ oz. 

Distilled water .... 20 ozs. 

When the image is fully developed, remove the picture to another vessel having clear 
water in it, and wash away the soluble salts remaining, continuing the washing until 
the paper is clear, and then dry it. 

No fixing is required, and it may remain without being mounted unless desired. 

If the paper, after being sensitised, has more than a small amount of light admitted 
to it, there will bs a difficulty in removing the waste salts. 

Some prints of equal excellence, possessing a velvety black tone^ are produced by 
means of a final immersion in a s ilution of the chloride of platinum, and other tints 
by various other solutions. 

MCTOl CT TItT, filAfl* 8 andard Bttmera.—ThB greatest difficulty in the way 
of adopting any uniform system if gas photometry, was the determining the kind of 
burner with which the should be tested. In England, since 1862, the Parliamen- 
tary standard of comparison had seen a sperm candle of six to the pound, burning at 
the rate of 120 grams per hour. But Mr. Wilmam Sdoo, in a paper read before the 
Institute of Civil Engineers, assures us fmm his own examinatioo that the average 
VoL. IV. X X 
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normal lato of the bnrning of tho^e candles was nearer 180 grams than 120 grams, 
therefore it was desirable that the Parliamentary standard should be altered if 
possible. 

In 1868 Dr. LnrHEBT and Mr. W. Suoo. finding that they obtained different results 
with different burners, adopted a standard burner, with a 15-hole incorrodible stea- 
tite top. This burner, known as * the Sugo-Lbthbbt ’ 14-CHnd1e burner, was one of 
the Parliamentary standard testii^ burners for 14-candle gas, and was used with a 
chimney 7 in. long and 2 in. wide in England and other places. There are, however, 
two other Parliamentary burners for 14-candle gas: one described in the Birmingham 
and Staffordshire Oas Act of 1864, and the other adopted by the Gas Jieforeesin 1860 . 
This was the invention of Mr. Snao, and was known as Sugg’s ‘ London ’ standard 
Argand burner for 14-candle gas, and it was used fur testing the gas supplied by tho 
London companies. 

The same standard q^ntity of the same quality of gas tested by these three 
burners showed very different powt^ of light, the ‘ London ’ burners evolving the 
greatest, and the Birmingham tho least amount of light. The total difference whs 
nearly three candles. There were three different Parliamentary standard burners for 
testing 16-Cflndle gas, all to consume the standard quantity of 5 cubic feet per hour, 
VIZ the * Dublin* 16-oandle Argand 15- hole steatite top burner, used with a chimney 
7 in. long by 2 in. wide ; the ‘ Dublin ’ flat flame 16-candlo burner, and the ‘ London ' 
standard Argand for 16-candle gas, to be used with a chimnoy 6 in. long and 2 in. 
wide. There was but one Parliamentary standard burner for consuming 6 cubic feet 
per hour of 18-cnndle gas— that described in the Leamington Gas Act — which was a 
modification of the * Suoo-Lbthsbt * burner, the central aperture lieing enlarged to 
supply more air to the richer gas. The ‘London’ Ifi-candle burner fi^ the same 
quantity of the same quality gas gave an amount of light equal to about 2| candles 
more than the Leamin^n burner. There was a 20-candle burner, and for 27 up to 
82 candle gas, it was the custom to make use of any kind of fish-tail burner, and to 
consume any quantity of gas at the option of the operator. Por cannel gases thore 
was no regularly authorised Parliamentary burner. Mr. Suoo has introduced a 
standard burner for all qualities of gas from 12 to 80 candles. This burner might 
be easily gauged and verified by actual trial against the Government standard burner. 
It was the Gas Beferees* London Argand burner, with a chimnoy 6 in. or 7 in. long 
by 1} In. wide, producing a flame always 34 in. in height. When used with IG- 
candfe gas, it would born 5 cubic feet por hour, with a 8-in. flame, the light iVom 
which would be equal to that given by 16 sperm candles of 6 to the pound. ’Plie 
quantities of different qualities of gas required to produce in burning a S-in. flaino. 
with this burner wore, with — 


12-candle gas . 


. 6 6 cubic feet 

14 ,, • « 


. 6 7 „ 

16 H • • 


. 60 „ 

If M • • 


. 4-7 „ 

18 „ • • 


. 4-4 

18 „ 


. 4-2 

20 „ . • 


. 4*0 „ 

26 ,, * * 


. 8-2 „ 

80 „ . . 


. 2-7 „ 


The Qas Referees’ standard bnmer had been used of late years as a standard light 
for testing various kinds of gas burners, and it has been found that the illuminating 
power, as well as the appearance of the S-in. flame, has been always constant, not- 
withstanding considerable variations in the quality of the gas. The method for 
Acting a oonqMtrison was as follows : — 

The Gas ^feroes’ 8-in. flame burner having been fixed on a photometer in the ^aoe 
usually occupied by the standard burner, it was lighted, and allowed to bum off all 
the dead gas collected in the meter and fittings of the apparatus. Then a clean 
chimney was put on, and the height of the flame regulated by the usual mioiometer 
cock and Kina’s pressure-gauge to exactly 8 in. The quantity of gas per hour 
required to give tms flame was then found, and a reference to the table would show 
the illuminating power of the gas. The result was the illuminating power of tho gas 
in terms of the PsrliamentaTy standard quantity of 6 cubic feet of gas and 130 grams 
of sperm candle. Every qu^ity of gas tried upon this system w^d be fairly oon- 
sumed, and a like quantity of gas would be desi^ated by the same number of csndles 
of illuminatixig power. 

ranA&IO AOnt. Nitro^alimin is oouTerted into this add by the action of 
nitric acid. See Auaannr. 
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FSVTO&AMA BaOAWSmA. The Pocan, or Virginian poke or poke weed, 
a Itranehing herbaceoiu plant, with a smooth green, or sometimes a {lurplish stem, 
lu dark purple berries, called by the French rawtn d^Aminq^c, eontniiis a purDliHli 
. retl juice aomething resembling rM ink, and hence it is sometimes called the red ink 
pl.int. This juice has been used for adulterating wine. See Wufsa, AnuLTaiurau. 
Consult the Treasury of Botany, by LncDLHT and Moouh. 

FXOAOMUtxra. So called in allusion to the nutgneeia present. It is found at 
Vesuvius uraong the salts produced by the eruption lu 1855. Daka gives two 
analyses by Ukicuaudt of this mineral found at Stassfurt : — 

B Mg K H 01 

1. Stassfurt . 38 52 11*56 22 82 (26-29) 0*81-100 

2. . 39*74 10*40 23*28 26 87 0*28-100*57 

Sea Kainitb. a System of Mineralogy, by Jamkh Dwioht Dana, 5th edition, 1874. 

VXTA, {Ayuee Americana). Pita fibre and ptla thread are namc-s for the fibre* 
obtained from this plant. It is also called Aloe fibre. See Tmxtii.n Matkuiai s. 

FZT CAOBfl, londi d and wdoudfJ Ity hydraulic 'pressure. See Coais LOAOxn 

AND UNIOADBD MY HyDUAULIC PubSSUItK. 

BZTTXOZTB. A mineral, tu which this name has been given, was obtained from 
one of the mines near Kedruth, anti cxamiued by Mr. A. H. Chubcu. — Chemical News, 
xxiv p. 19. 

PBABrzirO OB MBTABB. M. Tuksca has been for some time engaged in a 
hi rius of experiments on the phcnoinona exhibited during the planing of metals. An 
account of his researches whs piibiislicd in the liuliettn dr la Ixaiiti dCKnoourngemcnt, 
from which we translate the conclusions at which M. Tuksca has arrived . - 

* 1. The operation of pinning produces, in the prism of matter cut by the tool, 
characteristic pressures and deformations, which vary according to the form of ilia 
tool and the thickness of the prism removed. 

* 2. Those circumstances are more easy to define where the case is thatoi a planing 
done over the whole breadth of a solid by means of a tool with straight edge, and 
cutting surface, plane or cylindrical, in which the generating linos are perpendicular 
to the direction of the movement, and parallel to the surface of the solid planed. 
With those conditions the shaving detached is a transformation of the original prism, 
produced by diminution of length, in consequence of a transverse flowing of mattor in 
the direction of the thickness of the shaving, under pressure of the tool. 

* 3. The co-eificiont of longitudinal contraction depends on the degree of sharpness 
of the tool, the facilities it offers for disengagement of the shaving, but, above all, 
the thickness of the shaving removed. The co-efficient of reduction is smaller for 
thin shavings, because the flowing in the transverse direction is then rendered easier 

*4. The co-efficient of dilatation, m the thickness, is inversely ns the co-efilcieDt 
of reduction in the length. 

‘ 5. The co-efficient of reduction varied, in the whole series of experiments made, 
from 0*10 to 0’60, and we possess shavings of steel of more than a millimetre in 
thickness, for which it does not exceed 0*26. 

'6. The surface of separation between the shaving and the block is always smooth, 
and is modelled on the cutting-face of the tool The opposite face is always striated, 
and presents the appearance of a series of parallel waves, which are more salient, the 
thicker the shaving. These waves continue to tho edge, where we find indications of 
a flow in width, limited to a very small extent, commencing at these edges. In fine 
cuttings the striee, which are much finer, impart a velvety appearance to the whole 
snrfkce. 

* 7. A circumferonce traced on the exterior face before planing is transformed into 
an ellipse, in which tlie relation of the two axes affords the measure of the co- efficient 
of reduction ; but it is best to obtain it by operating with groat lengths. 

' 8. When the deformations exceed certain limits, the sha'ving is split at intervals, 
and there is a disjunction in the directions in which lie the ftirrows of the waves. 

* 9. When the tool is blunted, the co-efficient of reduction diminishee, and the 
planing beoomee more difiloult. 

* 10. The cylindrical form of the tool is rexr favourable to the operation, and an 
examination of the deformations leads us to tne oondusion that ths hyperbolic form 
is the most reeommendable. 

* 11. In virtue of the pressure exerted by the cutting face of the tool on that of the 
shaving, the latter emerges perpendicularly to the surface of the solid, thereupon 
turning round. Thin shavings become rolled up in the form of a cylinder with spiral 
base, the windings exactly covering each other. The radius of rolling increases with 
ths thickness. 

* 12. When the generating lines of the cylinder which forms the side of the cutting 

z X 2 
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fiuM of the tool are inclined relatively to the piano of motion, the shaving, instead tft 
being rolled up cylindrical ly, takes tlie form of the exterior surface of a screw with 
square thread. 

* 18. The lateral attachment of a conical shaving by one or other of its edges has 
no eeiisible influence on the result of the planing. The co-efficient of reduction 
remaine the same, but the edges originally engaged are less round, and are even cut 
sharply in one part of the thickness of the shaving. 

' 14. When the dimension in thickness becomes comparable to the dimension in 
width, there is dilatation in both directions, and the shaving takes a quite particular 
form, of triangular section, which is roadily reduced from certain geometrical con- 
siderations. 

‘ 16. The employment of a tool with curved edge gives risu to similar tr-insforma- 
tions, which are explained in the same waj. 

^ * 16. From the geometrical point of view the formation of shavings may be repro- 

*Bented in all its phases by goomotiMciil traces, according to perfectly suiu rules. In 
a first phase, that of drnnng back the matter not yet detached from the block, it 
acquires, in each of lU longitudiu il SLetioei, its doHiiitivc dinimitioiis in thieJeuebS and 
width. In a second pliabe, that of flowing, tlio shaving slides on the face of the tool, 
and acquires its definitiv^e section. In a last phase the shaving escivpos, turning 
round, according as the co-efficients ot reduction imposod on its different lougitudi mil 
sections exert on them an influence moro or loss projiondorant. 

‘ 17. With the rectangular tool, having cqinil angles, a shaving of squnro section is 
liberated in the bisector plane of the dihedral figiu'o formed by the two faces removed, 
givnng rise to u deforinatiun more cximplcx, but quite as plausible as that of ordinary 
shavings. 

*18. With the tool hav'ing n curved edge the effects are of the same order, and 
bring to light the mode of driving hack of a solid brought to tlie state of fluidity 
under the action of the exterior pressures to which it is sulijected on one of its faces. 
The curve, which is produced at the limit of the two first phases of the formation, is 
quite characteristic, and leaves its impress on the originally free fa(*e of the shaving, 
under the form of curv^ed furrows, which are reproduce identically the same through- 
out the whole length. 

* 19. In the shavings, the breadth is approximately determined by the chord which 
joins the extremities of the crescent detached at each passage of the edge. 

* 20. The convexity of the shaving appears generally at the thicker border, and 
there is no exception to this, save in cases whore the relative sharpness of the tool 
exerts, on the thin parts, an influence strong enough to componsato that of the more 
favourable co-efficient of reduction corresponding to the thicker border. 

*21. The pressure exerted by the tool is transmitiKi from transverse section to 
transv'crse section up to the limit of the zone of activity. 

‘22. It is the ruling character of this work, the hardest, as the softest, metals are 
subjected in all these deformations to common laws which establish, for all the 
matter experimented with, an identity hardly suspected, hitherto, in their mechanical 
properties, even beyond their limit of elasticity.’ 

VXiATnrVM. (Vol. iii. p. 684.) British Columbia. — More or less platinum has 
been found in the streams of British Columbia associated with the gold. 

Bew South Walks. — Native platinum is reported to occur with the gold in the 
Shoalhaven Biver, and in the Ophir gold district of New South Wales. Also in the 
form of small grains in Bondemeer.— Archibald Livbbsidois, Minerals of New Sovth 
Wales. 

An ore of this metal has been found at Bluff. It consisted of from 86 to 42 per 
cent, of platinum, magnetic oxide of iron, and an alloy of platinum, osmium, and 
iridium. 

The imports of platinum, wrought and unwrought^ in 1876. were — 


FVom Russia 


Oh. Troj 
. 144,900 

VHlue 
ill 13,738 

„ Germany . 

. 

6,070 

4,476 

„ Belgium . 


. 17,232 

11,006 

„ other Countries 

. 

3,082 

2,900 

Total . 

, 

. 171.284 

;ei82,ll» 


V&AVnrVM AUOn. (Vol. iii. p. 687.) Convporimmt of allays under the 
action of the blowpipe : — 

Tlatinum af^ tin unite with violent deflection and emission of light, when sub- 
jected to the action of a reducing flame, forming a hard, brittle, and infhsible globule. 
liatimm, sine, and tin unite with violent action, throwing off long flakes of oxide. 
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PUttinutn and nne, per m, do not combine, the sine burning into oxide. 

Platinum and lead unite quietly, forming a brittle compound. 

PtaUuim and thallium unite quietly ; the resulting globule is dark ektornally, grey 
internally, and quite brittle. 

Platinum ana bismuth unite quietly, or with merely slight spitting, into a dark 
brittle globule. 

Platinum and copper combine quickly, though not very readily, into a hard, Ughtr 
coloured, malleable globule. 

(Some yearn eince, the editor of this volume, at the wish of Sir HmniT ok i.a Bkckh 
and of the Master of the Mint, Professor Guauam, made a large series of experiments 
with the view of producing ar. alloy which Hhould answer for soldiers' war medals, 
but be of such small commercial value that they could not be sold. Borne of the 
« Hoys of copper, platinum, and silver appeared to answer the desired end. Medals 
were struck at the Mint, and deposited in the Museum of Practical Geology, whore, it 
IS believed, they still exist ) 

Platinum and silver unite quietly, but not very readily, unless the silver be greatly 
in excess, into a white, malleable globule. 

Platinam and gold unite quietly, forming (if the gold be somewhat in excess) a 
yellow malleable globule. 

Preparation of Platinum. — The following method of preparing platinum is used at 
Heraus* works, in Hanau, according to Mr. J. Phillip: — 

The ore is dissolved lu one part of aqua regia and two parts of water in glass 
retorts under a pressure of 314 mm. water. The solution is evaporated, and tlie dry 
mass healed to 126^, at which temperature Gie palladium and indium salts are re- 
duced to Hulichloridfis. The solution, acidified with hydrochloric acid, is treated with 
sal-ammoniac, which tlirows down pure platinum sal-ammoniac, while iridium sal- 
ammoniHC separates after evaporating the mother liquors. In the filtrate from the 
platinum precipitate the metals arc precipitated with iron filings ; the precipitivte is 
freed from the excess of iron w'lth hydrochloric acid, and again dissolved in aqua 
regia, and from the solution another portion of ]i]atinum and iridium salts is obtained. 
The spongy platinum obtained by fusing the platinum sal-ammoniac is pressed, then 
broken into lumps, and fused in a lime crucible with oxygon. 

Most of the platinum, when brought into commerce, is not pure, but often contains 
as much as 2 per cent, of iridium, a mixture which renders the platinum more suitable 
for vessels. Ihe other metals — palladium, rhodium, mthonium, osmium, and iridium, 
whi^ accompany platinum— are separatea by ovaporatiug tlie mother liquors, w^hen 
the iridium seuarates out with traces of platinum. After allowing the concentrated 
liquor to stana, the precipitate is filtered oiT, and the solution, alter diluting, pre- 
cipitated with zinc. Tho precipitate is digest^ with hydrochloric acid, washed, and 
fused. Aqua regia dissolvcB from the mass the palladium and a small quantity of 
gold, leaving impure rhodium behind. 

The solution is saturated with ammonia, and Jhe palladium precipitated with 
hyd^hloric acid. The residue kft on dissolving tho platinum, which is Russian 
platinum, amounts on an average to 8 per cent. — is fused, ground, and washed. The 
powder is fused with equal parts of l^rax and saltpetre, and after treatment with 
hydrochloric acid and water, the platinum metals remain behind. Those ore alloyed 
with double the quantity of zinc in a graphite crucible, and the alloy is freed from 
the zinc by hydrochloric acid. The mass is then treated with chlorine in tubes made 
of Hessian clay with glass receivers ; in this manner iridium and osmium chlorides 
are obtained. From the residue left after fusing in a stream of hydrogen, ruthenium 
is extracted by fusion with caustic potash.—* Preparation of Platinum,’ Dinol. Polgt, 
Jour.^ eexx. 

The following is curious and important : — 

In attenipting to reduce platinum from chlorplatinate of ammonium by the use of 
comparatively weak caustic soda and alcohol, a yellowish -brr'wn powder was obtained 
which still contained ammonia. Thie ammonia could not be expelled by the addition 
of more soda and boiling. When washed, dried, and ignited, it took fire and evolved 
dense idkitn fumes having the smell of acrolein ; and there remained in the dish ths 
finest spongy platinum, which readily passed into solution in i^ua regia. The nature 
of the platinum compound containing unmonia and chlorine is not understood. — ^Dr. 
G. VutPitTB, Archie, aer Pharmads, 

V&ATnnnME STZXi&B. Schhxtbxb-Kbbtkeb gives the following results of ob- 
servations upon the wear of platinum stills used in concentrating sulphuric acid made 
at Thann, in Als^. A still in which 4,800 tons of acid were concentrated to 66® 
B. » 94 per cent, acid, in two years lost 1 2*206 kilograms, or 2*860 grams per ton. The 
acid WM impure, containing nitrous products; by adding sulphate of ammonia the 
proportion was reduced in the following year to 2 200 grams per ton. When the acid 
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conUioa Bulphuroua acid, and is therefore free from nitrous cumpounda, the Iobh (it 
platinum i§ 0*926 gram per ton. The quantity of platinum dissolved does not appear to 
be affected bv the small amount of hydrochlorio acid contained in the chamber acid, 
as It is sensibly constant for any particular degree of concentration, whatever may be 
the impurity of the nitric acid or nitrate of soda employed. When the acid is brought 
to a hif^her degree of strength the loss is much greater than with acid of 07 to 08 per 
cent. ; it was found to be from 6 to grams, and with 09A to 99} per cent, was as 
much as 8'45 grams per ton. The latter result was verified by diluting a quantity of 
the acid produced and separating the dissolved metals, load and platinum, by means 
of sulphuretted hydrogen, the precipitate being dissolved in aqua regia and the load 
precipitated as sulphide, and the process repeated until pure sulphide of platinum was 
obtained. The quantity of platinum recovered corresponded to 8'380 grams per ton, 
thus proving that the metal is actually dissolved and not removed mechanically by 
the boiling acid. An alloy of platinum with 30 per cent, of iridium is less readily 
attacked than pure platinum, but the use of this alloy has been given up from its 
being more brittle than the pure metal. 

P&VMB.A.OO Zir CAITABB. Plumbago or graphite is a very common 
mineral in the Laurentian rocks of Quebec and Ontario, occurring in the form of 
diKseminuted scales in limestones, gneisses, and other rocks, or in veins cutting these 
rocks. In the former case the beds are often so highly charged with it as to become 
workable, but the plumbago, ns might be expected, is not so pure as that found in 
veins. The most important localities known are north of the Ottawa Kiver, in the 
townships of Buckingham, *Lochabor, and Grenville, but the mineral haaalso been 
found in the Laurentian country south of the Ottawa, in Bedford, North Burgess, 
North Elmsloy, and elsewhere. At the locality in the last-named township, from 
which the specimens exhibited were obtained, the plumbago occurs mostly in a dis- 
integrated quartsose rock, which passes into an impure limestone. No mining of any 
consequence was done here until 1871 ; but from that time until the summer of 1873 
about 6,000 tons of * ore * are said to have been taken out by the company (the Imtkr- 
NATIOKAX MiMiifn CoMPAi/T of Now York) and delivered at the works, half a mile 
from the mine, for 80 cents a ton. It was there stamped, and the plumbago separated 
from the rock matter by revolving buddies. The works are situated at Olitbr’s 
P erry, on the Rideau canal, about 7 miles from the town of Perth. Sinoe 1873 they 
have at times been in operation, working up the material on hand, although no mining 
lins lieon done. 

The PouiNioK OF Canada Plttvhaoo Company was formed in June 1876, with a 
capital of 100,000/. sterling, and has commenced operations on an extensive scale. 
The prowrty of the company compnses 1,260 acres ot land in the seventh, eighth, 
and ninth rf^es of Buckingham. The country here is well timbered and watered, 
and the focilities for mining unsurpassed. The mines are about 18 miles from 
Ottawa. The plumbago is found in both beds and veins, the principal veins, so far 
as known, being on lot twenty-one in the seventh range, while the most important 
beds are on lot twenty in the eighth range. Some Idea of the size of the masses of 
plumbago which can be obtained may be formed from the fact that one of the speci- 
mens euiibited weighs 4,870 lb. liie works of the company are on the nineteenth 
lot of the eighth range of Buckingham, and include appliances for crushing, washing, 
dressing, &c. When in full working order they are expected to turn out about 4 tons 
of ' prepared stock ' per day, suitable for crucibles, pencils, and stove-polish, as well 
os for lubricating, electrotyping, casting, and numerous other applications. Mr. W. 
H. Watjcbr, of Ottawa, is the present manager. — Laurmtian. 

An attempt has been made (1876) to reopen the plumbago mine iu Borrodale, in 
Cumberland. A few pieces of very fine blacklead have been raised, and a few 
hundredweight of an impure mixture of it with clay. No plumbago has been sold, 
and the mine is abandoned (1877). 

The imports of plumbago in 1876 were : — 



Tom 

Value 

From Germany 

. 2,899 

£46,966 

„ Holland .... 

. 478 

7,706 

„ Ceylon .... 

. 3,368 

47,999 

other Countries 

. 363 

8,867 

Total 

. . 7, OSS 

£106,627 


nOTTZiro. See DuLuifo. 

VO WCBMMT. A name given to a process of printing in colours, which hse 
been attracting some attention of late years. See Pbintimu im Coloubs. 
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90MSLAlir« OSmsa* The mixtun of finely divided felepar with th« 
keplin is efiTected by cruehing briqaettee of the two eubstancee in large mortsra, 
washing the powder with waier, and decanting the latter. For fine porcelain equal 
pATte of the raw materiale are mixed, for inferior qualities an exeesa of felspar ia 
generally used. The mase ia rendered auitable for forming after being left to dia- 
intograte for a long time (SalvAtat aaya aometimoa for 100 years), by very careful 
kneading, treading, and beating. 

In China the porcelain mass ia not heated before the glaaing operation. The oom* 
position of two burnt glaaing masses gave^ 


Silicic acid . 




. 680 

64*1 

Alumina 




. 12-2 

10*2 

Oxide of iron 




. traces 

traces 

Lime . 


, 

. 

. 140 

21*0 

Alkali 


. 


60 

6*1 


The painting of porcelain articles must bo effected before the glaaing operation takes 
place. For this manganese ores containing cobalt or preparations of eoDalt are used. 
According to SALvirrAT, a blue ore from Yunnan contamod— 

Silicic acid and insoluble residue . . 37'46 


Oxide of copper 0‘44 

Alumina 4*76 

Oxide of cobalt 6*60 

Oxide of manganese 27*60 

Oxide of iron 1*66 

Lime 0*60 

Magnesia, arsenic, and nickel .... traces 
Loss by ignition 20*00 


Chinese CrakUware. — The minerals designated as Hoachy are partly impure fatty 
clays, used for pAte-eur-pAte^ partly rocks rich in magnesia, which, when added to the 
glazing substances, yield articles covered with a deuso net of small cracks. The 
furnares used for burning are 8*16 m. high and 8*16 m. wide, 6*80 m. long, with a 
chimney 6 30 m. high ; the time required for burning is said to be from 8 to 8 days. 

Besides the blue colour above mentioned, various other colours are used for deco- 
rating purposes. The following are the principal colours and their composition 


Ivory white 
Black 


Blue . 

Yellow 
Green 
Bed . 
Carmine 
Bnk . 


Oxide of lead, silica, and arsenic. 

Manganese, cobalt, oxide of copper and lead. 


ri. Fluorspar with cobalt. 

\ 2 . 


Fluonpar with copper. 

Antimony. 

Antimony and copper. 

Oxides of lead, iron, and fiuorspar. 

Gold with fluorspar. 

Oxide of lead, silica, arsenic, felspar, and gold. 

* Chinese Foroelain Manufacture,’ by A. Hanm, Dxkql. Polyt, Jour, ocxxi. 


Porcelain^ Ibuyhened. — It has been proposed to toughen porcelain and enamel in a 
similar manner to that used for toughening glass. See Gxasb, Touohhnbd. 

VOmTirOA& BBUUas, usm in colouring wines ; ftr the detection of this 
colouring matter, see Winxs. 

BOBtaAm CBMBBT. Since alkaline carbonate is often added in the 
grinding^mills, in order, by the introduction of carbonic acid, to cause it to harden 
more slowly, calcined soda is, however, more frequently ns^ ; the volume of the 
cement remains unaltered, just as when water alone is added, but the rapid absorption 
of the water and the intensity of heating is moderated. The addition of the ukali 
before burning, as.well as during the grinding, renders the cement more suitable to 
retain tiie water necessary for hardening. 

Fortland cement often falls to pieces in burning. If day is added, this is, to a 
certain extent, prevented. Lime will also modify this defect. 

It is recommended that a small quantity of raw calcined soda, about 6 per cent or 
less, provided the mass of cement ia finely divided and well mixed, shoold be used to 
bfiim about an excellent resnlt. 

'Jadffinm’ says Dr. Ebdubnobb, *£rom the chemical composition of Portland 
cement Titos silicate of lime and dlieato of alumina), we theoretically r^uiio only 
lime ana clay, The poorer in alkali the raw material ie, the more aoda ia reqoiredL 
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while with mr tnnterial rich in alkali it is not at all needed. For preparing comcnt 
on a laige Male, elny, lime, and :f to ^ per cent, of alkali are requirad. 

* LippowiTZ {I)ie Pfyrtland Cement FnMoation) long Mince point^ out the adr^ntage 
of using soda.' — Dr. Ekrdmrnoer: Dinql. Polyt. J<mr. ccxviii. 

VOTASH. (Vul. iii. p. 691.) A procebs hir obtaining alkali from soau ed has 
been published in the Chemical News for November 10, 1876 

' At the chemical works at Aalborg, in Jutland, Denmark, where about 30 tons of 
alkali are made per week by the ammonia proceus, Mr. Tuowald Schmidt, the 
director of the itianufartory, propoHOB to work, in coig unction with this process, a 
method devised by himself of treating seaweed so as to obtain iodide, potash salts, 
and other marketable products therofroni. In Denmark a very heavy duty is levieil 
on the importation of common salt, whilst enormous quantities of seaweed nch in 
iodine and potash can ho obtained at pmall cost in the neighbourhood of the works. 
Mr. Schmidt’s process is as follows : —After the seaweed is dried and burnt a c.ni- 
centrated solution of the ash is made and added to the liquor, containing chlorides of 
sodium and calcium, left after the ammonia has been recover^ in the ammonia soda 
procoKB by boiling with lime. The sulphates of potash, soda, and magnesia contained 
in the ash of the seaweed are thereby decomposed, and hydrated sulphate of lime and 
hydrated magnesia are precipitated in a form which may be available for paper- 
making ns “ pearl hardening.” The last traces of sulphates are got rid of by adding 
a small quantity of solution of chloride of barium. To the clear solution nitrate of 
lead is now added, until all the iodine is precipitated as iodide of load, whicli is then 
separated by filtration and treated for the production of iodine or iudidjlKi. After 
filtration the liquid is boiled, nitrate of soda is added to convert the emoride of 

? 3ta8sium present into nitrate of potash. The latter is separated by crystallisation. 

here remains a solution of common salt containing traces of ammonia from the 
previous soda operation and a trace of chloride of potassium. This solution is again 
treated by the ordinary ammonia-soda process for the production of bicarbonate of 
soda and white alkali. 

Within the last twentpr years potash has been obtained commercially from — 

1. The carlionised residue of beetroot molasses. 

2. The washing of sheeps’ wool residues. 

B. The deposit of potassium salts at Stassfurt. 

IT. Gbunbbbro has devised a method by which the chloride of potassium of the 
Stassfurt deposit, by double decomposition with sulphate of miigiiosium, is converted 
into sulphate of potassium. 

1. By the action of a hot solution of sulphate of piogiiesium upon the chloride of 
potassium — 

3KCL + 2MgSO< * MgSO^K^SO • + KClMgCl*. 

2. By treatment of tlie hot solution of the above double salt with chloride of |) 0 - 
tassium, or by macer.iting the undissolved double salt with a cold solution of chloride 
of potassium — 

K*SO‘MgaO^ + 8KC1 = 2K»SO« + KClMgCl*. 

3. Decomposition of the double salt, KOI Mg Cl’*, by maceration with cold water. 
Minbrai. Salt Deposit at Ascuhuslbbkh. — ^Extracts from the report of the Right 
Hob. Lton Platfatb, C.B., M.F., chairmen of the board of directors of the Cokti- 
HBicTAL Diamond Rock-Bouino Company, Limited, as to an inspection made by him 
of the borings of Aschersleben, in Germany. 

' As it WHS important, in the interests of the shareholders of the Continental 
Diamond Rock-Bouinq Company, that I should inspect the borings in progress 
near Aschersleben, 1 went there lust month with Mr. Schmidtmann, the Continental * 
managing director. These borings are not like others, made on contract, but are 
speculative. In tlie dull state of trade there was nut sufficient demand for our ma- 
emnes, and the question was whether they should remain idle or be employed in 
prospecting work on our own account. The Prus^ian mining law holds out induce- 
ments to such speculutive work, because the finder of new minerals is entitled to a 
concession of 2,189,000 metres squivre of the underMtig minerals. 

selection of the potash field of Aschersleben was excellent for speculative 
boring. It is in the neighrourhood of Stassfait and Leopoldshall, at both of which 
places mines have been established in the potash beds overlying the rock-salt. The 
geological formations around seem to indicate that in former times there was a con- 
siderable Salt lake which had dried up, the rock-salt being deposited first, aiKi tho 
moze soluble potaeh-salts afterwards. The two mai n minerals are oamallitek or ohloride 
of potassium and magnesium, and a lees soluble mineral, kainii, chiefly a double 
sulphate of potash and maguBsia. Kaiiiit is to bo expected at the outcrop of the lake 
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Danin and ciirnallite more in its centre. Kainit is the moet ralaable mineral, but 
hitherto has been conipaiativel^ rare. It duel not occur in the Prussian mine at 
;staMfurt. but it is found in limited quantity in the Anhalt mine of Leupoldshall. 

* sir. ScKMiDTKaNN sbowed much discretion in first trying for the outcrop salts. 
It was necessary to know the limits of the basin, otherwise our eubsequent operations 
might have been interfered with by other borers, brought into the field by oursueeess. 

* Aiicordingly, No. 1 bore was put towards the supposed edge of the old salt lake. 
It waa happily successful. The deposit of potash salts was found at a depth of about 
836 feet, and proved to be above 50 fett thick. It consists of the kainit bed, with 
not inconsiderable quantities of sylvin (nearly pure chloride of potassium) and boracit, 
a v.iluable mineral which supplies boracie acid, but hitherto found only in nodulev 
111 this l)ore boracit was in unusual quantity, though this may have been due to the 
nueident that some nodules of this mineral happens to be in the line of the bore-hole. 
The evidence as to the thickness of the kainit was not conclusive. It may be thicker, 
Hh the solution obtained from the boring became vitiated b^ using cliloride of mng- 
neMium (which was subsequently found to contain potash) in the water required for 
the later stages of the boring operatioiia. This was done in the hope of extracting 
solid cores, by saturating the wash water with the view of preventing the solution of 
the minerals. Below the potash layers our bore proved the existence of a bed of 
rock-salt, no doubt of greet thickness, but this, in the presence of the more valuable 
potash-salts, need not be taken into consideraiion. 

‘ No. 2 boring is about 4,000 mitres from No. 1 , and still nearer the supposed out- 
crop It may be, in reality, outside it, but that infornialion will be of value. Still, I 
think, from the nature of the ground, it may be toiind to be just inside the basin. 
Wo may expect that kninit will be found also in this hole, probably not quite so thick 
UH in No 1 ; but, at my suggestion, panvffin oil, or pi'troleum (in which the potash 
tninerals are insoluble), will be used, instead of water, to cleai the bore-holes, and in 
this way we may got solid cores of the salts for examination. In the cash of No. 1 
the evidence was mainly dependent on the analysis of the wash water, and on small 
fragments of solid salts brought up with it. To my mind the evi«1ence is quite con- 
clusive, and it is accepted as such by rho Prussian (ilovernmont ; but it will be still 
more complete if we can get solid cores by the use of petroleum. 

*No. 3 boring has been fixed at 4,000 metres more towards the centre of the basin. 
The depth here to the salts will be greater, but the thickness of the potash bed will 
probably be much more than in No. I and 2. Most likely we will find ourselves in 
carnallite, not in kainit. Tliis is to be desired, because, though that mineral is less 
valuable per ton than kainit, it exists in much larger quantities, and is the chief source 
for the manufacture of chloride of potassium. There is a difficulty in this boring. 
No water to work the machine is to bo gut in the neighbourhood. Accordingly, 
Mr. ScHMTDTMANN liRS bogiin by sinking a well. It is now 95 feet deep, and the 
water is not yet sufficient. But, as the cost of sinking is not much more than that of 
boring, this is of little consequence beyond the delay in proof. The boring here is 
not yet begun. I think, however, that the site has Itfon well chosen. 

* In addition to inspecting the borings in this field I also visited our central offices 
at Leipsic. In all the cases I was much pleased with the excellent organisation of 
the work. Mr. Sohmiotm Ann’s whole soul is in it, and the business-like method of 
his organisation is admirable. His engineers and foremen have caught his spirit and 
work with fervour, and, at the same time, with caution. 

' To return to the potash field of Aschersleben. I think there cannot be a doubt 
that the company, by this speculative boring, have secured a property of groat value. 
I have not seen any accounts of profits firom the Prussian mine, but those of the 
Anhalt Government are laid before the local parliament. 

' The expenditure of the Anhalt government, close to our borings and in a similar 
held, in sinking and establishing their pit. may be estimated at 45,000/., and I am 
informed thut they make nearly double that amount per annum of clear profit. In 
1871 they were offered 7,600,000 thalers (1,125,000/.) for its purchase, and refused 
the offer. There is no reason to suppose, if we find carnallite, as 1 expect, at No. 3, 
that we have a less valuable field of minerals, for then we will be in exactly the same 
rizcnmstances of the kainit and camallito regions as the Anhalt Government, and at 
the junction of two railways leading to all parts of Germany, and in the neighbonr- 
hood of a large field of brown coal. 

* The oonclusion, then, to which 1 have come by inspection, is that we have 
been amply jostifled bjf results in this speculative boring, and that we owe much to 
the eneigy and diecretion of Mr. Schkidticann. We must be preyed to nn Icrtiks 
still further borings in the same field, because we must secure the whole of it to 

8 rerent competition. Not that we reqniro more mineral for practical work, 1 f borings 
fos. 2 and 8 come out as we expect, tin re is enough in our hands and beltnging to 
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UB, for mining for a long period ; but the expense of boring is so little compared with 
the result, that uro must secure ourselves against other competitors by proving, and 
thus nppro{matingi the remainder of the field. This being done, there will be only 
three propriotors besides ourselves in the field. They are the I^ssian and Anhalt 
Governments, and a Mr. Douglas, who has found the salts in an unfavourable position 
12 miles from a railway, but who has offered to sell his concession, mine, and chemical 
manufactory fur 726,000/. The Prussian and Anhalt Governments have simply mining 
establishments to extract the minerals, and these are sold to about thirty private 
chemical works which have arisen in their neighbourhood entirely to work &em into 
saleable products. 

* Mr. SouMiDTMAMir and I saw the officials of both Governments, and pointed out 
how advisable it would bo for us to combine and regulate the market, instead of 
fighting with each other. They at once admitted that this would be to their inte- 
rest. I 

‘In order to work this concession properly 150,000/. would be requisite for the 
purpose of i-inking pits, erecting chemical works, and for providing working capital, 
it would require about two years before the pits and works could be in ftill activity.’ 

PXB8BVSB oa* OA8. See Vabiatton of Pbbssurb. 

PBZirTZaro. (Vol. iii. p. 620.) pHncriNG Machinds, vol. iii. p. 653. Although 
some of the machines described in the previous volume have been slightly modified, 
there does not appear to be anything of sufficient novelty in connection with those to 
require special attention. A few new machines must be noticed. 

The ' Victory ’ printing and folding machine, manufactured by the Victoby Company, 
of Liverpool, has many advantages, of which the following are the most rsmarkablo. 

The special merit of the machine is that it not only prints, but folds the newspaper 
worked upon it. The necessity for such a machine has long been felt by provincial 
newspaper proprietors, since the usual custom out of London is to issue newspapers 
to the trade ready folded. Even in London, too, it is becoming the fashion to fold 
evening papers before selling them. In provincial offices, therefore, and here and 
there m metropolitan ones, folding machines are employed in addition to printing 
machines, manual labour being almost out of the question when immense numbers of 
papers have to be folded in a very brief space of time. The ‘ Victory ’ machine was 
therefore designed for performing both printing and folding simultaneously. The 
first of these machines was orocted in May, 1870, and the second in December follow- 
ing, in the office of the Olangow Star. In the conrse of 1871 another was erected, 
also in Glasgow, for the North British DaUy Mail. 

It is hoped that the following description may render the oonetrnction of this 
machine intelligible : — 

The roll of paper, which may be as long ae four miles, is unwonnd, and passes over 
a roller, one side of it being wet by the spray from a row of jets of water striking an 
inclined plate. PaBsing again over the web, it is wet on the other side by a similar 
arrangement, and this goes on until it travels around and between two copper cylinders, 
which are warmed by steam, so as to distribute the moisture and promote its absorp- 
tion by the paper. The web then passes between the first type cylinder and its im- 
pression cylinaer, by which the inner forme is printed, then receiving the impression 
of the outer forme by means of the second type cylinder and its coire^noing im- 
pression cylinder. The inking arran^emonta are above the type cylinders. The 
paper then passes on to the folding cylinders, by which it is cut across its width, and 
at the same time in the direction of its len^h by a email circular knife. The cut 
acroM is effected by a etroight serrated knife working into- a ^ove in a cylinder. 
The eheets thus produced receive their first fold (in the ' heads ’) in the direction of 
the axis of the cylinden which oarrv them; the second fold (down the ‘book*) is 
given by a bar, after which the folded papers run up each side of the matfoine and 
lire dropped in a regular pile. A counter indicates the number of copies worked. 
'J'his machine at the Crlods office is supported by girders .resting upon columns. It 
weighs about 10 tons, its dimensions being: 18 ft. 7 in,, indnding the 

and delivery fiies ; breadth, 7 ft ; height 6 it 10 in. 

Alisoff’s Meahamcal Frmtsr.— The machine invented fay M. Miokabl Ausoft, of 
fit Petersburg, has recently attracted much attention. It has been exhibited at 
Vienna, in Philadelphia, and in the Caxton Exhibition. The foUowing drawing and 
description, for which we an indebted to the proprietors of Iron, will convey a vary 
perfect idea of ite constmetiun and mode of action. 

The apparatns is about the eise of an ordinary sewing machine, which it resembles 
as far as the stand, table, and treadle are concerned. The treadle, however, is used 
for drawing down a cylinder, a, carrying the paper on to a revolving dram, F, on ftc 
eircvmference of which the tyjm are fixed. The printing takes place in a direction 
at right angles to the axis of we paper cylinder, one revolution of which oosreqF>D<^* ' 
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to .1 line of chaneten on the paper. The same action aleo gives the feed in two 
directiuus, besides performing otaer operations. 

. On; the uble or bed-pliite are fixed a pair of pillars with the adjustable conical 
centres, on which works the frame carrying the paper cylinder. This frame is drawn 
down by the treadle acting 
through the side rods, so as to 
bring the paper cylinder down 
upon the typo-di um, F, which 
IS normally held clear of it by 
WL.itiH of spiral springs at the 
Hidos. Two other pillars, with 
luiilier washers on the top. 

Iiinit the stroke of the framoi 
and stops are provided for 
pnventin,' the frame rising 
highur than necessary. 

The typo-drum is fast on a 
f(]iiiidlo mouTitod on a slide 
winch works in V guides, like 
the slide rest of a Litlie, and 
nil / be moved in and out by 
111 .in,s of the handle, k, shown 
111 fiont of tile machino, one 
loruplete rovolution of the 
h Liidlo bringing a diiTureiit 
‘ fount ’ of type into position 
tor printing. The revolution*! 
uru easily counted through the 
( licking of a spring which en- 
gages in a notch in a disc fast 
on the screw spindle Six 
rows of different types are 
fixed bv set screws m grooves 
in the drum, x, and a handle, d, 
fast on the spindle, serves to 
turn the drum so as to bring 
ujipormost any one that it 
may bo desired to pnnt. A 
fixed dial in front marked with 
tlie different types and signs, 
like that of a Wukatstonk telegraph transmitting apparatus, serves to show which 
row of type is brought uppermost. As two cylinders at right angles to each other 
only touch at one point, so only one letter can be printed at a time. Between the 
type-drum and the dial is an intermediate cylinder with six rows of screws, projecting 
more or less, according to the width of the different tvpes. 

The inking of the tvpes is effected by the type-cylinder in its revolution, turning 
the ink-roller, g, on the left, which takes its supply from another roller, h, which, in 
turn, takes it from a narrow disc. This disc is calculated to give just enough ink at 
a time, which it takes from a long roller, whose bearings are capable of diding in and 
out so as to present a fresh surface to the disc when required. There is also another 
roller on the right of the type-drum for taking the surplus ink off the type. 

We have said that the treadle and side rods give the feed motions. The drawing 
down of the ^per-cylinder frame turns, by means of a pawl, a ratchet-wheel fast on 
a spindle at right angles to the papex^ylinder, and causes it to make part of a revo- 
lution after each letter or sin is printed. Between the type-drum and the feed-spindle, 
which may also be turned by a nandie fitted on its square end, for arran^ng on the 
paptt the matter to be printed, are the bearin||B of a lever. One end cl this lever 
carriee a atop, adjustable by a screw, which smkee against the nrqjeeting screws on 
the continuation of £he type-drum. The other end carries a rod with a pawl at the 
end, which by an ingenious mechanical arrangement throws off the pawl from the feed 
latcbet-wheel as soon os sufficient travel is given to the papar-eylinder fiar tha width 
of the particular letter that baa just been pzinted. 

On the top of the firame, and parallel with the paper cylinder, works a screw In 
bearings, for oausing the paper cylinder to travel along ite spindle, thus giving the 
desired amount of space between the lines. Ibis is turned bv a handle, o, at the end. 
and a disc with a notch and spring focilitates the counting of the turns. 

A warning of the near apjMroach of the end of the line is given by a bell, the hammei 




084 


PRINTING 


of which it caufflit hy a pn)joction on tho collar of tho paper-cylinder spimlli'. This 
collar can '. e .injiieled ou the spindle with a set-screw, so that the bell may sound nt 
nu^ given distance before the end of the line. An index on the cross fe^-spindle, 
pointing to a dial diviiled into 100°, also enables the operator to urmiigo the writing 
on tho paper, as in tiie heading of a business letter, &c. 

Though this machine is not intended for original composition, it will produce a 
well-printed copy in rather less time than is required to make a fair copy by hand ; 
and this copy will yield two or three duplicates by being simply passed l)elwecn rollers 
attached to uo machine. If more are required, tho first copy must bo printed on pre- 
pared paper, and transferred on to stone, as in ordinary Lithography, when any number 
of copies may be printed off. Tho machine will bo of great use in large establish- 
ineuts, where the principal is in the habit of dictating the letters to a shorthand clerk. 
The clerk would soon learn to print at once from his notes, and thus save a great deal 
of time, os well as produce clearer trdnsci*i]it6, fur it is well known that tlie ordinary 
handwriting of stenographers is not very legible. 

This machine nfiiii'ds, in fact, a printing cbbabli>,hmont on a small scale, and on tlie 
premises — one which can bo brought inti uso without any skill in composing, witlmut 
much space, stuck of type, or dirt ; and whicli, at tho same time, furnishes iirintod 
copies of any document at a much cheaper rate than loLtorpruss printing, if tho number 
of copies is limited. It possesses this further ad\aiitiigo, that all documents are printed 
in the office itself, thus insuring independence of the printer, secrecy if necussir'y, and 
also s.iving of time, as the first litliographed circulars may be sent out wit bin an hour 
from the tinv' they were written. Tho machine is c.ipab’lo of lioldiug at one time all 
tho types necessary to print two difiToront styles of capitals and small loltfi'S, os well 
as figures and fractions and all the usual signs, so that two lauguages^for instance, 
Bnssian and English— may be printed by the same machine. 

In conclusion, wo may observe that there is nothing in the manipulation, either of 
tho machine or of tlie lithographic process, that cannot readily be picked up by any 
intelligent office lad in a short time, and tbit uo amount of carelussnoss will prevent 
all the copies from being fac-aimiles. 

FWTlBTOf BXiOeX. (Vol iii. p. 6«51.) Mr. Pktrr Martin Shanks patented 
ill 1874 'Improvements in the Production of Raised Surfaces or lUocks for Printing, 
and in the Preparation of Materials, aud Construction of Apparatus employed therein.’ 

This invention possesses much of the character of .Ioudam’s wood-carving machine 
(see Oabtino iiv MACHiNiaity, vol. i p. 738), but it is here employed for the purpo'io 
of producing raised surfaces or blocks for uso in ordinary letter press printing, and fur 
other similar purposes 

In preparing blocks for surface printing it has hitherto been usual to produce in 
the first place h matrix having hollows in its surface corres]-)onding to the parts which 
are to be raised in the block, aud to use such matiix us a mould for castiug or electro- 
typing the block. Mr. Shanks, in his spocifleatiun, thus describes his invention: — 

' Instead of any of these methods, according to tho present invention, a drill or 
conical cutter, made to revolve rapidly, is employed to cut out the liollows of tho 
matrix, its action boing guided by means of appmitus which will hereafter bo described. 

* The material employed to form the matrix should be such us to be capable of 
being moulded or oast into blocks of the required size, of being easily and yet cleanly 
cut by a revolving tool, and of withstanding the heat to which it is subjected when 
tho printing block is cast upon it in the manner of a stereotype. 

'In order to fulfil these conditions, chins clay, or other finely-divided earthy 
substance of like character, may be compressed into a mould, or a mixture of china 
clay with starch or powdered gum, the moulded block being dried before engraving. 

* One of the most suitable materials is plaster of Paris prepared in the following 
manner: — Dehydrated plaster of Paris being mixed with water in the ordinary way, 
is cost into a mould and allowed to set. The block thus produced is dried in an 
oven, which may be heated by hot water or steam pipes to a temperature not ex- 
ceeding 200° Fahr., about 180° bein^ the most suitahlo temperature. The block, 
when thoroughly dried, is immersed in an alcoholic solution of shellac, and when 
saturated with the solution it is taken out, wiped, and dried in the oven. The 
material, thus impregnated with the resinous gum, is fit to receive a clean incision. 

' For many purposes wood, such as is us^ for engraving, may be employed to 
constitute the matrix block. 

which the' 

vertically i . . . ^ . 

arranged that its downward movement can be varied and delicately a^^'iieted to give 
llic desired depth of cut, and that it can be rapidly drawn upwards out of its eat V>j 
a cam or treadle. 
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*The matrix table is mounted so os to run or slide ft*eoly in one direction on a 
friime or table, which is itself mounted so os to run or slide freely in a direction St 
right angles thereto, whereby any part of the matrix block can be brought under the 
drill/ On a table near the matrix table is Axed the design to be copied, and a pin 
projecting downwards from tlie matrix table is connected in the manner of a panto- 
graph or eidograph with a traoiug pin, which can be guided by baud along the hues 
of the design. The scale of the copy can be varied by altering the proportiouH of 
tlio pantograph or eidograph arms. Thus the block is moved in accordance with the 
copy, so as to bring the proper parts of its surface uuder the drill, which cuts Uie 
hues therein to a depth cfepetiding on the vertical adjustment of the drill. 

‘ For greater facility in guiding the tracing point, the design may be engraved, 
srnmped, or pointed or sunk in gelatine or other suitable material. On the matrix 
block thus prepared the printing block is moulded, either by casting it os a stereo 
lypp, or by depositing it as an electrotype. 

' The preparntinn of printing surfaceB in the niaiiuer described affords facilities 
for printing iiiu«k', or for altering maps to show strategical moremeuls or other varia- 
tions of indicatJiiMH upon it. For printing music, for example, a cast may Le taken 
from some of the characters, such as the lines, clefs, and other constant marks, the 
iiotis, ties, and other varying marks lioing subsequently cut thereon to form the 
III itrix. For a map to show strategical or other variations, as, for example, rneteoru- 
l igical indications, a cast may be taken ot the oullino map and its standing mutter, 
and the varying figures or other symbols or marks can aflerwaids lie out in it. lii 
copying such variations the original map or design to be copied, and the matrix hinek 
to be engraved, are fixed in correct register with one another. The variation of the 
m.ip or design being either drawn upon it or on a sheet of tracing paper, talc, stout 
golatiiic, or oilier siifiicieutly transparent substance fixed on the map or design, the 
tracing point can be guided along the lines of the variation, so as to cause lliu corro- 
spoudiiig cuts on the matrix to be effected by the revolving drill. 


2464 



* FV^. 2464 represents sn eidograph apparatus adapted for copying a matrix to be 
vsed m the mennetr above describe. 

* A is the framiim of the machine, eupporting a table n, on which 4s placed the 
article to be copied o is a plate mount^ tin rollers running in grooves, so that it 
can be freriv mpved to and fro longitudizcsJly, and n is another plate mounted on 
rollers, running in grooves, so that the plate d can be fireely moved to and fro trans- 
versely on the plate o. The matrix to be operated on irf fixed on the plate n, A 
lever, mounted to oscillate horieontally on a pin, carries at its opposite ends two 


68G 


PaiNTINQ 


equal puUeTi oonneeted by a strap, which may be of thin steel or other metal, and 
whieh, as the pulleys do not require to bo tumM more than half a revolution, may be 
fixed at a point to the periphery of each. On the axis of the one pulley is fitted 
a slide carrying a tracing point, which is carefully moved by hand over the outlioe to 
be copied. 

' It may bo readily understood that the floating table or plate of the apparatue 
described, instead of being guided by the eidograph action, may be moved in the 
manner of a elido-rest, by moans of screws when it is desired to engrave by the re- 
volving drill a matrix to the same scale as the copy, or when the outlines of the 
intended matrix are drawn upon the block that is to form tho matrix. And in this 
manner a printing block may be formed without a preliminary matrix, by applying 
the revolving drill to cut out the hollows of such blo^, leaving the printing sur&ces 
standing. Or only the larger hollows of such printing-blocks may bo thus cut out, 
the more delicate lines being separately engraved or touched when necessary. In 
employing the apparatus in this mander, it is convenient to mount the two movable 
plates described on a circular rest, which may be worked by worm gearing, so as to 
give a circular as well as a longitudinal and a transverse movement to the block ope- 
rated on.* 

Mr. 8hakkh, in conclusion, claims — 

‘ First. The method substantially as herein described of preparing a matrix for 
tho production by casting or electrotyping thereon of a printing block, the required 
hollows constituting the design in tho matrix being cut by a drill or revolving cutter, 
while the matrix itself is guided proportionally to a tracer following a copy. 

'Second. The use for the materials of a matrix to be prepared in tho manner 
above referred to, of finely-divided earth substance compounded or imprecated with 
starch, gum, or rosiuous mutter, substantially as herein described. 

‘ Thii^. The use for preparing a matrix in the manner above referred to, of appa- 
ratus consisting of a drill or revolving cutter, which can be made to enter the matrix 
to an adjustable depth, in combination with a table on which the matrix block is 
fixed, such table being guided so ns to move pnipurtionally to a tracer following the 
lines of the copy, substantially as herein described. 

Fraerb’s Composing Maehme. — Mr. Alhxakdbr Frazrr, of Edinburgh, informs us 
tlial after examining the machines exhibited in 1862 for composing and distributing 
typo, be felt sure that tho time was approaching when the composition and distribu- 
tion of type would bo performed by machine, and he gave considerable attention to 
the subject. A machine introduced by Mr. Hattkrslrt was the nearest approach to 
a good practical one. Having possossod himself of ono of those composing machines, 
Mr. l^'iiAZKR set himself to work to improve it, and to produce a new ^stributing 
machine. The result was the production of the machiues now in use. 

Tho plan of the machines will bo understood by reference to the illustrations. 
Fig. 2456 is a general view, and Jig. 2466 a section of the composing machine. The 
tvpes are contained in grooves in the trays, a, which have previously been filled by 
the distributing machine. The lines of types are pressed towards the front end of 
the trays by tdipB of metal attached by corns to the box wheels, b, each of which con- 
taius a spring of sufficient strength to press the line of t^os steadily forward against 
the puslier, c, the front type being over an aperture in front of the tray, tl^ugh 
which it is prevented from fnlliug by the pressure of the spring behind. The sepa- 
rators or pushers, c. are formed with an inverted shoulder, extending sufficiently 
backwards over the type to act on one only when moved downwards. The keys of 
the keyboard, d, are connected by cranks, a, to the pushers, and the depression of 
any key, therefore, causes the corresponding pusher to descend, carrying with it the 
front type of the line into the grooved face-plate, f, down which it slides into the 
compoeing-stick, o. Immediately tho finger is lifted from the key the spiral spring, 
N, above the pusher, raises it to its original position, and the next type in the line 
takes the place of the one just released. Under the row of cranks, b, there is a cross 
bar, H, to which is attached a wedge-shaped pusher, i. This, on the depression of 
any key, acts upon a slide, x, which pushes forwards the types as they reach the 
composing-stick, and thus makes room for the next letter. 

The great diversity in thickness of the different letters of the alphabet, ranging 
from the small letter ' i ’ to the capital ' W,’ has to be provided for. For this purpose 
tho pushers are divided into four sets, each set with a different depth of shoulder for 
receiving tUe type according to its thickness. The aperture in front of the tray, 
through which the type is carried by tho pusher into tlie faCe<plate, is also regulate 
to suit the different letters, so that only one letter can pass to the face-plate with 
each depression of a key. The grooves in the face-plate are*^made of different depths 
to suit the different letters, and the whole covered with glass, closely fitted to the 
fiice plate, to prevent the typos passing from one groove to another, and also to 




tho outside. The object ofthifi is to insure 246d 

that each letter reiiches the compoRing- 

stick in the order in which the keys are J 

depressed, however fast they are touched. 1 

Were the thick letters in the centre ^ 

and the thin towards the outside, the 

greater gravity of the thick tjrpes, com- 

bined with the shorter distance to travel, 

would, in rapid sotting, cause a thick « HB 

type to reach the composing-stick before ^ ll ■■ 

or at the same moment as a thin type ■ \ 

released immediately before it. As ul 11 

the grooves convMge to one opening, ll 

through which thick and thin lettew *11 

have to pass, a movable tongue, l, is 

introduced, which is kept in position by IB Hh ft 

a small back weight. The aperture IQ V| — li | 

between the tongue and glass is made J /I | 

wide enough for the thin t^es to pass 

through, and the weight of the thick | 

types in descending is sufficient to press ll ||| 

Law the tongue and thus enlarge the llBH 

aperture to the extent required to allow 
them to past. p wv i 

There are two kinds of composing- HI 

Btid^, nrhieh, being made to fit the same JUS iQS 
holder, are exchangeable at pleasure. 

The long stick, o, is, for reasons given 
aboye, most snitable fbr newspaper or 

r eral book-work. For tables, that H 

matter consisting wholly of figures 

and spaces, the short s^lek, ir, is spe- Ri ^ 

eiall^ valuable, as in such matter no 

spacing out of the lines being required, the tables arc at once set to tho propes 
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width, the rules dividing the columns being afterwards put in by hand, as at 
present. 

The composing apparatus, it will be seen, is compiir.itively simple. The types 
being already arranged in lines in the machine, all that is required is to release the 
letters wished, and they immediately, by gravity, aided by the impetus they have 
received in starting, find their way by means of the grooved fare plate to the compo- 
sing-stick. It IS, however, different with the distriluitiiig inaeliine. In it the types, 
thick and thin, have all to start from one point, and iadoro rtuchiiig their destination 
have to be separated and sent into nearly a hundred different compartments, and 
there set up in linos, each letter by itself. This is effected by means of a senes of 
switches acted upon by mechanism in connection with the keys, the depression of a 
key being all that is required to separate the type iruin the lino and guide it into its 
proper position in the composing machine trays. 

Fuazur’s IhstnbuUng Maahuie.-^^Fig. 2167 is a general view of the distributing 
* machine, showing the laco-plate, with switches, and grooves down which the types 
slide to the composing-machine trays. Fig. 246K is a sictiou showing one of the sets 
of keys and levers for moMiig the switches. From // 17 . 2157 it will be seen that there 
are throe sets of su itches. The fiist or stop switch, a, separates the capitals and 
figures from what are technically called lower-case letters. Tho next senes, 11 , 
divides these two into tweh'e sections, separating the tliick from the thin letters ; 
and the lowest series, c, divides e.ich of the twelve into eight, mnking in all ninety- 
h’\ (litti rent letters, points and SjKiees. The keys are so arranged that each section 
of ( ight consists of letters of nearly tho same thickness. 



The page of type to bo distributed having been placed on the galley, d, it is pushed 
forward by a small rack and wheel until the front lino drops into a groove, along 
which it is propelled by wheel and cord, b, in tho same maimer as the lines of type in 
the composing machine, until the front t^pe is pressed against the separator, f, at 
the end of the groove. Several lines having been thus placed in the groove so ae to 
form a continuous long line, the matter is ready for distribution, a, 2468, is an 
edge view of the grooved face-plate cont.iining tho switches, of which the front view 
is shown in fig. 2467- The switches, a, b, c, are double, having front and back 
portions joined, as at h, by hinges passing through the face-plate, eo that on anyone o£ 
the back switches being moved, the corresponding front switch moves with it. These 
Bwitchee are actuated by levers, 1 , which are brought into action by the depression of 
the keys, x. One end of the levers passes through slots in the key-tods at L, while 
the other end is in contact with tne back portion of the ewitches at x. On the 
depression of any key, therefore, the opposite end of the lever opens the switch with 
which it is in contact, and thus guides tlie descending t^e into the channel wished. 
In addition to opening ite individual switch, each key-rod of a section acts, by means 
of a pin fixed to it, upon a bar, m, bung upon parallel levers, so that whatever key ^f 
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4 Motion in tonehod, tiho ooneoponding Motion bar is oqnslly dopNssed. THmo bsM, 
K. SN ooniMoied by cmnks and wires to the middle series of switches, n, so that tho 
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dopreeeion of anv bar opens the oorresponding switch and guides the type into one or 
cither of the twelve main channels. The upper switch, a, remains in position for all 
tlie lower-case lettere, but is moved by eimilar mechanism to the opposite side on any 
of the capital or figure keys being depressed. 

Under the sectional bars there is a transverse bar, o, and the depression of any of 
the sectional bars also depresses the transverse bar. This traneveise bar rests upon 
a lever, f, to which is attached a wire connecting it with the separator. On the 
depression of any of the keys, therefore, the separator descends, carrying with it into 
the grooved faoe-^te, and thence into the composing machine trays, Q, the front 
letter of the line ox types to be distributed. The types, os they reach the tiays, are 
moved forward by wedge-shaped pushers, n, attocbM to the under side of the sec- 
tional bars, thus dearing the way for the next descending type. 

To enable the machine to be worked with rapi^ty, a senes of catches, a, is intro- 
duced, which hold each switch as opened till another key of the same section is 
touched. This gives time for the type to travel to its destination before another key 
is touched, whi<^ would not be the case if the switch resumed its fonner position on 
the finger being lifted quickly from the key. The key-rods and bars are kept in 
positian by spim eprinM plaMd under them, so that on the pressure being removed 
they at onee return to their former position. 

Another important function of the sectional bars is the regulatiim of the siie of the 
aperture throi^ which the types descend on being separated m»n the line. As 
already explained, the types are divided by the maeniue into sections of eight, each 
seetioB eoimsting of types of the same or nearly the same thickness. The aperture, 
therefore, has to be ii^e to suit the eight different thidmeeses. Under the front 
lypM VI the line is a smell sliding valve, t, with projection in fiont, and against this 
prqjeotlon there rests the upper end of a lever hinged at u. The mechanism for 
openinff the b s^tches act at the same time on ^ lever, prsMlng it against the 
itot m the aliding valve, and thus opening it to the extent requi^ to allow the 
passa ge of the ty pes into the face-plate and trays. 

mntWII ar CMMLOOM. Oxagobaphs, STWooBBomr, Chboxo-Lhiio- 
OBA^ (vol. iii. p. 134) has made ni familiar with printing in oolonn. A method, 
pBooliar in itself; eimme in many of ite details, and promisiBg to lead to sMB 

Voli. Iff. TY 
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important apptieatloniy was flnt iutrodacod to notice in 1874. Then the printing 
WM elfeoted worn oakee of colour cut out and fitted together, much after the manner 
of a diueoted puzele. A modification of this proceu haa been patented under the 
name of * Stano^romy.’ 

SmrocHaoMY. — ^The invention is now in the hands of M. Otto Raddi, of Hamburg, 
who, though not the original inventor, claims the credit of having brought the process 
to its present degree of success. The specimens now in England are in the posses- 
sion of Mr. MaraBSTBiir, of Fenchurch Street, who read a paper before the ^iety 
of Arts describing the new process. The specimens exhibited consist of reproduc- 
tions both of oil and water-colour paintings, besides an interesting collection of less 
finished work, showing the earlier attompU of the inventors and the prc^ess of the 
invention. It is claimed for these that they exceed in purity of colour and in 
durability any chromo-lithograph, but it may fairly be said that they are quite as 
good, while they can be produced in a tpnth of the time and presumably at less cost. 
The process employed is similar to the one above alluded to, in that the impression 
is taken from the actual surface of the colour ; but, instead of the cakes of colour being 
cut out and then pieced together, the required arrangement is produced ns follows : — 
The colour is in a liquid state, but is of such a character that it rapidly solidifies. A 
little of it is poured on a flat slab into a sort of little cell or compartment formed by 
slips of metal standing edgewise on the slab. As soon as this has become solid the 
slips are removed, ana the little mass of colour pared away to the outline required. 
The next colour is similaxly applied, then the next to that, and so on, until the picture 
is thus built up piece by piece. The paring away is done by a vertical knife fixed 
in a frame, so tnat it can be moved sideways in any direction, but all its cuts are 
perfectly vertical. ‘From the compound block thus produced, the picture printed 
in a press like that used for lithography. To finish the picture it is necess^ to 
print in the outlines by a second printing, and in some cases a third overprint is 
given to obtain different shades ; but all the colours are given in the first impression 
idone. The first feeling on reading the above description will naturally be surprise 
that so rough-and-ready a process can produce anything like artistic effocts. To this 
the answer is that there are the pictures as witness, and that there is no known process 
by which some of them— notably certain test pictures of Indian scones, remarkable 
chiefly fbr the number and variety of the colours employed in them— could have been 
print^. The chief difficulty has been in obtaining colours of a uniform consistency, 
BO that they will all wear down evenly ; but it is said that this has been overcome. — 
See Society of Arts Journal. 

TCUVBT BBXBZBB. Used in adulterating wines. See Wuras. 

BBOVTliSra. C’H^. This hydrocarbon is formed in various ways. See 
Coal Gas. Consult Watts’s JHotionary of Chemistry (2nd Supplement). 

BSZX^NlKWbAJIB-UTSIA# hfineralogists have distinguished some manga- 
nese ores as baryta-psilomelane and potash-psilomelane, and of late years lithia has 
also been recognised. 

M. H. Lastbtbbs has analysed a specimen of this mineral found in the crystalline 
elate of the neighbourhood of Salm Ch&toau, in Belgium. It formed a plate 2 centi- 
metres thick, oonchoidal in fracture, perfectly homogeneous and opaque. The freshly 
broken surfh^ was dull blue black. It gsve on analysis — 


Oxide of manganese 78728 

Silica 0*129 

Oxide of copper 0*078 

„ cobalt 0*116 

Lime 0*256 

Magnesia 0*076 

Alumina 2 468 

Oxide of iron 0*168 

Fotash 1 * • • • • « 3*289 

Soda ai*..... 0*818 

lAihia 0*468 

Oxygon 14 668 

Water 8*764 


M. H. LASPinrsas gives the analyses of 22 varieties of psilomelane. Still it does 
not ap|>ear that the small quantity of lithia found is sufficient to wnrrant the formation 
of a separata Bpeciea.--i7bur. Pww. Qhem.^ (2) xiiL 
BVMIMiril. Bee Irom and Smi. pp. 461, 467. Since the artidle reforred to 
him been in type, the following patent invention bv Mr. G. H. Sjcllubs, of Wilmington, 
Belawom, iSr Nvolving puddlm, hae been brought under notice. 

The inventor has notiM that during the boiling stage of the puddling opevatioii 
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the ehaige iirella» and, orsHtowing tha montli of the ^dling Tvaid, biudai up on the 
bottom of the flue^ and aoMse the joint between the flue and the reeeel. Ae the iron 
oomee to nature the chaim lubeidee, and the liquid maea naduallj retirea within the 
varael, the joint being close enough to retain the expan<nng and enbsiding overflow 
udthin the flue and the vessel, yet not so dose but that some portion of it will 
penetrate the joint, so that with the broad joint, and the lowered temperature induced 
thereby, whetW ^th or without the water eircnlation, the cinder which penetratea 
the joint is chilled therein, clings to the surfhees thereof, and acoumulates upon ibadf 
an the operation continues, the accretion forming irregularly around the revolving 
Burfhce, and almost entirely upon the lower side of the stationair surface, the whole 
of it attaining a degree of toughness which renders its removal extremely difficult 
after the operation is complete. In its condition during the puddling operation 
this viscous accumulation produces grrat friction, and causes a gradual enlargement of 
the joint upon one side. To resist this tendency, great pressure has been resorted to, 
and this pressure, while measurably retarding the enlargement, greatly increases the 
friction and consequent loss ofpower. 

The invention of Mr. G. H. SamiBa consists in maintaining the joint surfaces 
between the revolving furnace and its fixed flues at a temperature so high os will not 
only prerent the overflowing cinder which penetrates the joint firom becoming cold 
and tough enough to buildup on the suifaces of the joint, but, by avoiding the 
chilling of this cinder, to kee^ it in so friable a condition that it will be ground up 
between the surfaces of the joint, and instead of building up irre^mlarly upon the 
joint it will be discharged therefrom in small grains or powder ; and this is accom- 
plished (without any change in the character, supply, or application of the flame or 
fuel), by dispensi^ with any cooling drcnlation arout the joint, and by making the 
surfaces of tno joint-rings on the open ends of the vessel, and on their corresponding 
flues, narrower than those heretofore employed. ^ 

In practice the joint surfaces should be maintained at or near a red heat, and that 
they may withstand such temperature without the aid of a water circulation, and 
resist the wear from the cinder to which they are exposed during the operation of the 
moHiine, it is preferable to make the rings of wrought iron or steel. 

In the use of a puddling vessel with gaseous fuel, a joint, the surface of which has 
a breadth of in., meets all the requirement of the improved operation. Of course, 
a greater or less breadth may be found compatible with the maintenance of the 
pioper conditions of the joint and the cinder, os above set forth ; but all such varia- 
tions will be comprised within the knowledge of the constructor or operator. 

The base-plate encircles the mouth of the puddling vessel, and a similar one 
encloaea the flues, through which flues the flame or fuel enters the vessel, and the 
products of combustion are discharged. To these base-plates are secured joint-rings, 
preferably by rivets, in such manner that they can be conveniently removed, 
rings are flanged to afford a means of securing them to the baae-plates without expo- 
sing the fastenings to wear during the operation of the machine. 

WDSOUTMa OX XOOX XOWfllSX. l^is eiqiloBive compound is of an 
analogous character to the Towitib. £»eriroents Live been tried in North Wales, 
which were, on the whole, satisfhetoiy. me Expi<osivx Covroimna. 

XmsOBCBTBX, TXa. Savhrt’s engine was patented in 1098, and we learn 
that some trials were made with it in some of the Cornish mines. Wheal Vor, near 
Helston, is named as one of the mines employing Savsbt’s engine for pumping, and 
Creegbraws, in Gwennap, is said to have ^en another, We ^ve made moat eoreful 
inqniriee, but with no very satisfactory result. It appears probable that the engine 
was used at Wheal Vor — beyond that little can be learnt. 

Tbie early eteam-engine will be familiar to engineers. In Bavsbv’s engine the 
oylmdera were large in diameter, and alternately o^ed by the outside application or 
by internal jete of cold water. The condensation thus effseted produced a vacuum in 
the cylinder nnder operation, which thereby became filled with water from the mine 
by atmospheric pressure. The steam was toen readmitted upon the surfime of the 
water, wnidh was thus ejected into the rising main pipe and discharged. These 
intermittent admissions of steam and of intern^ or external condensing water had to 
be eifoctod by hand, as there wae no mechanical motion from which to obtain the 
opening and oiosing of the valves. 

The pulsomster le the name given to a modification of the Savmt engine, in which 
the oliijeetion named has been, to a great extent, skilfhlly overcome. The peculiar 
fl«sk-hks shape of the working cylinders enables the steam to drive out the water 
without AQ^tion and with the minimum of condensing surface until momentum has 
beeaflet ito. At the moment when the water has descended as low as the orifl,Ce 
whi^ leaos to the discharge, tihe steam passes through with the water, and aaoandiiig, 
IneUmtaneoualy condenses. A vacuum is thus so rapidly formed in the chamlMr 
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lately filled with iteam, that the steam passes throuffh the admiMton ^'alvo with 
excesiire force. This Emission valve is a small ball which continually oscilUtM 
upon a sharp edge between two alternative seats. When fiiUy resting in one it is 
never raisM more than from above its alternative seat, and thus is easily 

drawn over upon the open seating by any acceleration in the passage of the ^am. 
These changes become so rapid, and are completed so instantaneously, that in the 
amaller sizes the alternate opening and closing of the steam valve sounds as rapid as 
a pulse ; hence the name applied to the pump. 

UMsrs. HonoKur, Nbwhaus, and Compamy, of Battersea, are the English agents 
fbr this American steam^ump. It was illustrated and described some years since in 
Th6 Enmneer, but the E^lish makers have introduced several improvements, prin* 
cipally m matters of design and workmanship, which render it, in their hands, a much 
superior machine. The pulsomoter was never exhibited before in England and as the 
apparatus is curious ana, though simple, not easily understood, it is described at 
some length, the description being condensed from that prepared by the patenteoH. 
The pulsometer consists mainly of a single casting called the body, which is composed 
of two chambers, a a. Jiff. 2459, joined side by side, with tapering necks bent inwards 
each other, and surmounted by another casting called the neck, j, accurately ilUed 
and bolted to it, in which the two passages terminate in a common steam chamber, 
wherein the ball-valve is fitted, so as to bo capable of oscillation between seats 
formed in the junction. Downwards the cbambors are connected with tho induction 
passage, c, wherein the inlet valves, u «, are arranged. A discharge chamber, common 
to both chambers, and leading to the discharge pipe, i>, is also provided, and this 
also contains one or two valves, f f, according to tlio purpose to be fultUIed by the 
pump. The air-chamber, b, is made in the eame casting as the chambers, dtid com- 
municates with the suction. The induction and discharge chambers are closed by 
covers, h h, readily removed when access to the valves is required, o o are guards 
which control the amount of opening of the vahes, r r. Small air-cocks are screwed 
into the cylinders and air-chamber. The pump being filled with water, either by 
pouring water through the opening in tho obaniMr, or by drawing the charge, it is 

ready for work. Steam being ad 
2159 mitted through the steam- pipe, K, 

passes down that side of tho steam 
nock which is left open to it by the 
position of the eteam ball, and 
presses upon the small surface of 
water in the chamber which is ex- 
posed to it, depressing it without 
agitation, and, consequently, with but 
slight condensation, and driving it 
through the dischai^e opening and 
valve into the rising main. It 
should here be noted that the suc- 
cess claimed for the pulsometer is 
in groat measure due to the arrange- 
ments for preventing the steam from 
be’ng largely condensed by contact 
with the water or other liquid which 
is to be pumped during the empty- 
ing of the chamber. To this effoct 
the peculiar form of the chambers 
greatly contributes. 

The accompanying figure shows 
the mechanical construction of 
the pulsometer. It is a vertical 
section of the apparatus taken 
through the centre of the irater 
chamber. The body of the appa- 
ratus is divided internally intq, two 
chambvrs, a a, which are sepovated 
b;^ a vertical partition cast in one 
with the outer part The fiMlw of 
the body is of a pear-shapea toaoi, 
tapering upwards to the ned^ 
The vertical partition extends late- 
nlly on each side at the upper pert, where it forms the elliptical air chamber, b, wbiob 
communicatee with the suction. The arrangement of this part is modified, end Mio 
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Bartitum forme a diapluagm, one side of wbicb commanicates with the delivery and 
Qie other with the eofition. The fluid to be raised flows upwards by the induction 
nasMige, 0 , which opens out on either side into the chambi^ a a. These openings 
have fitted to them the valves, a a This portion of the arrangement is shown 
dea^ in the section. A discharge chamber common to both leads to the dischuge. 
D. This chamber is also provide with two valves, f r, according to the purpose to 
which the pump is applied, o and h are Rusting plates, by which the mterior 
of the machme is reached, and i, r, and it inucate respectively the outlets of 
pump. 

FVXiVBBZUft. At Pbnhall’s Mine, St. Agnes, Oomwall, a machine for 
pvlverizmg tin — the invention of Mr Gubtxs — has been fbr some time in use. 

Its cuustruction is very simple, and its efficiency is all that can be reasonably desired, 
both as to the motive power required and the work accomplished. The machine in 
this case is attached by cog wheels to the end of the stamps’ axle, and is so regulat^ 
as to work ten revolutions to one of the stamps’ axle, or at about an average speed of 
120 revolutions per minute. The disc revolves, and has on its surface sue slots and 
several holes sunk into its depth within ^ inch of being through the disc ; these slota 
are fur the conveyance of the sand from toe hopper in the required quantity, and also 
for regulating the degree of fineness to which it is desired it shomd be pulverised 
(and consequently the less the quantity discharged), so that the requisite degree of 
fineness may be easily obtained tor any class of stun by simply plugging up the outer 
portion of these slots with a piece of iron. The upper disc simply rests its weight on 
the lower one when at work, and is prevented from revolving oy two slots working 
loosely oyer a bracket fixed to the frame. By means of two screws its weight is on 
all occasions lifted off the lower disc by a boy in attendance whenever the stamps 
stop, and is not again lowered until after the machine has been set in motion. Tms 
in practioe was found a very necessar}’ precaution to prevent the teeth \of the wheels 
being broken. A pair of discs will last from four to six months, and the upper one is 
weighted as it becomes worn. When kept working at the speed of 120 revolutions 
per minute it will pulverise 13 tons of the hardest eaple sand in this mine in twenty- 
four hours, sufficiently fine for the extraction of all the tm worth saving, a result 
which formerly required twelve stamp heads to accomplish and by no means in such 
a satisfactory manner. In stamping much of the tin ore is pulverised too fine, and 
consequently lost, and this cannot well be avoided, as the speciflo gravity of the ore 
tends to keep it under the battoiy longer than any of the substances associated with 
it; but with the pulveriser the specific gravity does not signify and consequently 
much less * slime ’ tin produced-— a very important consideration. 

At PhoBnix United Mines, near Liskeard, in Cornwall, Mr. Wiixiaic Wbst has 
fitted up two pulverisers which answer exceedingly welL 

FVMFisro-BirozvB FOB imBBOBOVirD. Mr. DaviT, of Leeds, has 
patented a compound differential pumping-engine of considerable value, as it respects 
economy of fuel and several other points, and especially for its adaptability to under- 
fund nse. We are more especially concerned ^th this application. A modified 


2460). In a paper read 
of Mining Binders the 


form of this engine for underground work is shown 

by Mr. DavaT before the Northern and Midland Instill. 

theory of his engine is fully set forth. We have been furnished byMr. vayst with 
the fdlowing abstract : — 

As economy of fuel is the most important question connected with pumping ma- 
chinery, it will be well to examine and see if the differential engine possesses the eluents 
requiiM to constitute it an economical engine, and in orSr to do this it will be 
necessary to determine in what sleam-engme economy consists. First, let it be ob- 
served, that to estimate the efficiency of the engine in terms of pounds of foel burnt 
per indicated horse-power is, like many of the practical rules used 1^ engineen, fal- 
lacious. ^ The_ only soiontifle, and consequently the only true, method is to estimate 
the effleienqy in tsms of pounds of steam passing through the engine per indicated 
horse-power developed. 

The leading principle of economy is expansion, and the engine which will work 
with the gr eatest ajmount of expansion is ceetmt paribua the most economical ; there 
ars, however, oettain conditions necessary to expansive working. The resistance to 
be overcome in pumping is almost constant, and the force appOed to overcome that 
fistanoe by toe expansion of steam varies. It is evident that the mean of the two 
faten must coincide, but toe extremes greatly vary. The steam pressure is too great 
at toe y mmenoement of the stroke, and too small at the end. A means then is 
re()|iiired whemby the work due to expansion may be stored up whilst toe piston is 
moviw from its flrat position, and given out again whilst it is further movbg to its 
second place. This function is performed in the Cornish engine by the inema and 
momentum of the pitwork, beam column, and other moving matter, and in the rota* 
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tire engine by that of the fly-wheel. The elements of this oompensating fbiee^ oil 

W V2 

vit«, are weight and velocity, expressed by the equation - g" . It is evident to the 
easnal observer that such a condition of things must cause an enormous strain, above 

2460 



the resistance of the pump, to be put on the engine at the commencement of the 
stroke, when a ^h de^^ of expansion is employed, and further that the piston 
speed at the point of crossing of the two lines must be vezy great. It follows then as 
corollaries : — 

1. That, to expand to a great extent in a single cylinder, a great strain must be 
put on the engine above that neoessaty to overcome the resistance of Working the 
pumps. 

2. That a great moving mass must be provided, and a great maximum piston speed 
employed, to render expansive working in a high degree practicable in a single 
cylinder. 

In practice the first of these ooroUariee is illustrated in the great number of aeoi- 
dents wbidi have taken place with the Oornish enrines, working with a high degree 
of expansion and, in consequence, expansion has of late yean been very much n- 
duoed, causi^ a large falling off in duty. 
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The Moond is illustrated by the fact that it has not been found praelicable to work 
Oomish engines expansitelj with a moderate piston speed, such aa is neeessaiy in 
lifting water. The only condition under which the Oornish engine has proyed itself 
an economical machine is that of actuating plunjnr lifts, where a great mass of matter 
has been lifted at a groat speed, and cauiM to &1 slowly in lifting the water in the 
pumps. 

These are two of the most serious difficulties surmounted by the compound diffisr- 
ential engine. An inspection of the diagrams obtained from one of these engines 
showed that the yariation in force between the commencement and end of the etn^ is 
as 2^ to 1 : whereas, in the single cylinder, with the same degree of ezpansioD, it would 
be 6‘8 to 1 ; t^t is to s^, the variation in the two pressures is nearly three times as 
great, in the case of the Oomish engine, as that in the compound diffiBrential. 

As this variation has to be compensated by weight and velocity, it is evident that, 
with the smaller variation, less weight and less speed are required. 

Tests already made with these engines prove oonclusively that the higheet economy 
is practicable without the heavy strains and high maximum speeds necessary to 
economy in the Cornish engine ; and, as it is double acting, it has a fisr greater powe.r 
for a given sixe of cylinder. 

Mr. Uavisy communicated to Engineering a paper explaining yet more fhlly the 
methods by whidi the difficulties attending the C^ish system for pumping-engines 
ij.ive been to a greater or less degree overcome. That gentlemxn nae furnished ue 
uith a copy of the original paper. 

‘ The first and most obvious of these is that of makii^ the pitwork very much 
lieavier than the column of water which it has to lift ifi its foil, balancing of course 
the greater portion nf this excess by suitable counterweights. Bo far as the question 
at present before us is concerned, this may be looked at as equivalent to increaeing 
the weight to bo raised, from W to (say) W', but, at the same time, adding another 
cylinder in which a constant presnuro » W* — W is exerted. Thus p* remains the same, 
but It is no longer equal to which must be increased to V}\ the whole weight of the 
pitwork-r the cylinder area. In finding the velocity, therefore, we must no longer 
take h, but must take this now value w\ the rest of the computation re- 

maining tno same. For the sake of getting sufficient stiflhess in the pump rods, some 
excess of weight may be necessary, otherwise, however, it is obviously a most unsatis- 
factory mode of attaining the desired end. Its drawbacks are so great that in the 
North, indeed generally out of Cornwall, it is the custom to use bucket-pumps instead 
of plungers, so that the pomp rods may be lightened by being used in tensios instead 
of in compression. The lifting is done on the steam stroke instead of on the equili- 
brium stroke, and the velocity of the piston is limited by the reloeity at which the 
water may be moved through the pipes, instead of that at which the pitwork may be 
allowed to rise. In the Cornish engines now reported, the average sp^ of the pumps 
is only 63 fl. per minute ; the in-door stroke is made in little more than half the time 
of the out-door, so that even if the pauses were extremely long, still the average 
epeed of the water, while being lifted, can hardly ezeeed 1 ft. per second. No doubt 
tnis may be somewhat increased in the winter, more strokes per minute being 
(although there is no sensible difference in this respect between the June and 
SeptemW reports of this year), and no doubt also it is very greatly exceeded in other 
parts of the country. Still, allowing for pauses, 8 ft. or 4 ft. per second would be 
a high average actuiU speed for a water lift, and fi ft. to 7 ft. a high maximum speed, 
and it will be evident that with such a velocity and with ordinary water loads, but 
little expansion can be employed ; as a matter of fact we believe that the Cornish 
engines used in the North scarcely exMnd their steam at all. 

' Nor can it be considered that sura a satisfactory solution is fhmished by rotary 
engines, where the additional weight required to equalise the velocity is put into the 
Bha 3 ^ ^ flywheel. It is certainly better in the abstract that a flywheel rim, which 
can be allowed to move continuously at a much greater velocity than the pitwork, 
should be employed to absorb energy during the acceleration than that weight should 
be added to the pitwork for that purpose, but there are two great objections to it. 
First, the connecting rod, shaft, and flywheel add greatly to the expense and compli- 
cation of the engine, and secondly, the discontinuous motion of the Cornish and other 
aon-rotative enpnes seeme certainly to be more suitable for punning, espeeially in 
the case of high lifts, than the continuous motion of engines with a flywheel. tTnlesa 
these are geured, too, their velocity must be limited by the maximum veloeity at 
which it is thought desirable to lift the column of water. Where the pumping work 
Is lig^ and where, at the same time, a rotary motion is required for drinng other 
maimmexy, the use of fast-running Mared engines may be aarantageouB, but nott ^ 
think, where really heavy pumping has to be done. 

'One of the solutions most cany suggested, and one upon which much labour hifl 
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been ezptiided, ii the one to which it ceeme oertain that we mnit look for the troe 
way out of the dillieulty, namely, the employment of two pylindere instead of one. 
HoBNUiownB’s donble-qylinder en^ne was in the field almost as early as Watt’s 
engine, aqd it may be remembered that for many years Wou^s improrsments on 
Hobmulowu’s eng^ competed with TnariTKicx’s improvements on Watt’s, until at 
last the superior ^^Bities of Tbisvithigu’s machines necame so clearly evident that 
for a time they supeneded all others. The double-cylinder engine ^s, however, 
advocated for entirely different reasons to those which we are now discussing, for 
reasons indeed which were not always very well understood or explained even by its 
strongest upholders. The application of the compound principle to single-acting 
enmnes presents many difficulties, and most of the forms in which it was applied— 
lotted bade upon in the light of our own greater experience in the matter — seem to 
have been veipr defective. The engines w,ere generally arranged so that during one 
stroke* the high-pressure steam acted on* one side of its piston, the other side, and 
lhat of the low-pressure piston, being in communication with the condenser, while 
in the next stroke there was f^ee communication between the two pistons. We do 
not propose here to enter into the thermodynamic disadvantages possessed by such an 
arrangement as this. It would only partially serve the purpose we have now in view, 
and the inconveniences attendant on its application to any engine working single- 
acting pumps are sufficiently obvious. Probably the only compound engine suitable 
for such a cose would be one with a large receiver between the cylinders, into which 
daring the one stroke the high-pressure cylinder should exhaust, and from which 
daring the first part of the next stroke, the low-pressure cylinder should take its 
steam. In principle, such an engine woiild bo efficient enough, if the cuts-offi^ the 
two cylinders were carefhlly fixed with reference to the large receiver capacity, but 
in all probability the actual loss of heat due to the use of such a receiver would bo so 
great as to neutralise, in a large measure, its advantages. We are not aware that 
such an ennne has ever been made. 

*This difficulty would entirely disappear if the engine could be so arranged m to 
lift water both on the in-door and on the out-door strokes. One end of e^h cylinder 
would thus always be doing work, and each end of the high-pressure cylinder would 
exhaust direct into the other end of the low-pressure (yliuder, no receiver being neces- 
si^ or desirable. This arrangement of the pumpii^ can be carried out without more 
difficulties than naturally accompany the introduction of anything which varies from 
established custom. Lot us suppose these obstacles to be overcome, and examine how 
far really the compound engine will here serve our purpose. We shall then glance 
at the necessary alterations in the pump and pitwork, and finally illustrate the whole 
matter drawings of such a compound engine, which have been kindly placed at our 
disposal by its makers, and which contain some features of special interest in other 
directions than those in which we have been working. 

2461 



' In fig, 2461,let abed§ bo the diagram with which we started ; n'-ifiO lb, per 
square inch, jp"*»«28*6 lb., p*»20 lb., p*»8*6 lb., and r»7'76i Oonsidered as 
belonging to a single cylinder engine, the work of acceleration per stroke was oqubl 

■ Blther in-dpor or out-door. 
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of the totel work, ud the maximiim Telocity of the pieton m 15 ft. pec 

eecoo^. Oar problem ie to examine irhot theee quantities ivoald become if the some 
Amount of steam, doinff the same amount of work, were usediia two suitably propor- 
tioned cylinders instead of one. Let us suppose our low-pressure cylinder to be the 
same sise os the original cylinder and the high-pressure cylinder Jjtf os large. Let 
op«0‘8 0 A, represent the capacity of the high-pmssare cylinder on^e same scale os 
oh docs that ot the low pressure, then a b may stand os before for the quantity of 

steam used at ^ will be the ratio of expansion in the high-pressure cylinder, 

and bi, a part of the original expansion curve, will be the euire for the high-pressure 
expansion. Most of our readers must be sufficiently familiar with this way of treat- 
ing compound engine cards to render farther explanation of it unnecessary. To 
simplify matters wo shall neglect both clearance and intermediate passage between 
cylinders —no cut-off will then be wanted in the low-pressure stroke, and there will 
be no compression used. At t the high-pressure (^lindor begins to exhaust, and 
remains throughout the return stroke in mil .communication with the low-pressure 
cylinder; points in the two simultaneous curves ik and /o are therefore easily found ; 
c, the final pressure in the low-pressure cylinder, must coincide, as shown, with the 
final pressure in the original expansion: abik is the high-preMure card, Zeds the 
low-pressure card, and together they are exactly equal in area to a da, the original 
carrl for a single cylinder, so that so far the conditions of the problem have been 
observed. But althouj^h ahik represents the work done in the high-pressure cylinder, 
ils ordinates do not give us the actual effort exerted at any instant on the piston. 
To find this wo mubt obviously reverse the curve t A, placing it in the position / u, 
for gi^^ol is the pressure upon one side of the high-pressure piston when o a is the 
pressure on the other ; ok^gu is the pressure on the one side when there is • g upon 
the other, and so for all intermediate poiuts. By taking a sufficient number of ordi- 
nates of this high-pressure card, abiult reducing each in the ratio ^ (this can, of 

oh 

course, be done geometrically with great ease), and adding them to the correnonding 
ordinates of the low-pressure card, we get the card np tr d s, the ordinates of which 
^ve US for each instant the equivalent of the total forward pressure in both cylinders 
in pounds per square inch of the low-pressure piston. The area n p w d s of course m 
ahik-^lod€»abcde^ftde. The work of acceleration is now « »p/, p being 
the point of maximum velocity; reduced to a rectangle this gives us rsp/, and wt 
find the corresponding maximum velocity to be 10 ft. per second instead of 15 ft. 
We thus find that a ratio of expansion which would give a maximum velocity— in the 
case supposed — of 16 ft. per second in a Cornish engine, would give only two-tUrds 
as much in the compound, or but little more than we found, in the former cose, to 
correspond to a twofold expansion. By farther calculation we find that a oiafold ex- 
pansion could be used in this case without exceeding the maximum speed of 9 ft. per 
second. Here we have at once, for any given masimium velocity, thm times aa great 
expansion possible in the compound engine as in the single. But the real advantage 
of the former is even greater than this. In a single engine the acceleration is very 
sudden, and the moan velocity is a very largo fraction of the maximum ; here the 
acceleration is more nearly uniform and the mean velocity relatively less. The 
effect of the intermodiato passages between the cylinders (which fi>r simplicity's soke 
wo have not here taken into account) is to make it less still, affecting tne Tnaximutn 
velocity but little; and the influences in the same direction of the various causes which 
make the actual indicator card differ from the theoretical ore in general proportionatriy 
^eater in the compound than in the single engine, so that, l^in^ all mesa things 
into ^ouni, we may say that for any given mean velocity of piston a compound 
pumping engine may expand aliout four rimes as much as a single engine having the 
same indicated horse-power. Such a text hardly needs a sermon,' 

Mr, Dav]iy» in a private communication, remarks that ‘ the underground engines 
{Jig. 2460) do not work quite so economically as those placed on the soiface, for the 
reason that therois extra condensation in the steam -pipes, and it is not practicable 
to employ so large a measure of expansion. In the surlhce compound engines, the 
dtt^ has been found to be from 20 to 22 lb. of steam pw indscated hone-power per 
hour, and the patentee expects to exceed that duty in a new arrangement of the 
cylinderei when he has reduced the losees (from pnseagea) to a minimum.’ 

To compare thie eystem with othera, one or two examplea muet be given. In the 
Skgmferie illuetrated a pumping engine built in America from deeigna of Mr. Wnar ; 
that engine weighs 660 tons. Mr. Davst joet desi^^ned an engine of the same pnwr 
(for a mine in Nevada) weighing only 120 tons, which engine will give a mueh nigber 
duty. 
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Thoie engine! are oonstructed by the firm of Kithobn, Ditis, Camfbilli and 
Dawt, Sun Foundry, Leeds. 

VUMVOro nronra, HTO&AVUO. In connection with the underground 
pumping engine which we have illustrated, 2460, it appears desirable to give 
some description of the applications made by the patentee of hydraulic engines in 
mines. 

There are many situations in which a small quantity of water supplied under con- 
siderable pressure can be profitably employed to pump a greater quantity of water 
against a less pressure, in dip workings in collieries, fur instance, engines thus 
worked can be Mvantageously used to raise water to the main pumping engines, the 
motive water in this case being supplied from the rising main of the main engine. In 
hilly minii^ districts, too, water drawn from a high level may be conducted by pipes 
into the mines, and then used to raise a greater quantity of water to the surface, thus 
avoiding the necessity for steam poweF. For use in such situations as we have 
alluded to, engines are now being constmctad on the plans of Mr. Hsnbt Davht. In 
our engravings, 2461 and 2462, are respoctively a general arrangement and plan 
of one of these hydraulic engines, as employed for both pumping and hauling. 

The engine has been designed to obviate the difficulties of wear and tear experi- 
enced with engines having pistons and slide valvee, and gearing for working the 
valves. Pistons and slide valves wear very rapidly with dirty water, but plungers 
are practically uuafiTected. It will be seen that in the engine illustrated there are 
DO pistons, but the power is applied and the work done entirely with plungers. The 
power plungers are station^, and are made to serve as pipes to convey the water 
from the valve box (to which they are fixed) to the inside of the pump p^i^imgers ; 
these latter forming the power cylinders, and being connected to each otner by side 
rods passing outside the valve box. In this way the forcing stroke of one pump 
plunger causes the suction stroke of the other, and vice ver^A. 

The most novel part of the engine is the valve box. For hydraulic power no valves 
answer better than the single mitre valve ; for if those valves do get leaky because 
of sand and grit, they are easily replaced by duplicates, or ground tight. The diffi 
cutty with single mitre valves of the ordinary type is, however, that of working them, 
when made of sufficient size to produce but little throttling. This difficulty is entirely 
obviated in the engine under notice, for the valves, instoad of being actuatra by means 
of metallic connections, ore worked under water-pressure by means of a small sub- 
sidiary valve acted on by tappets from the engine at the ondi of the stroke. On this 
construction the valves may be made of any size, and a full and free water-way given, 
so as to realise the greatest TOssiblo useful efiTect. By regulating the ^sages ^tween 
the subsidiary and main valves, the latter are made to rise and fall at any required 
speed, so that the * beat’ may be entirely taken off, and the wear and tear of the valves 
reduced to a minimum. 

Altogether we thick that the plan of employing hydraulic pumping engines in the 
manner to which we have referred has not vet received the attention it merits. 
Metallic mines are very frequently situated in hilly districts, and in many such cases, 
as we have said, the use of steam power for pumping might be altogether avoided bj 
the employment of hydraulic pumping machinery, the latter possessing amongst other 
features the advantage that in the event of the mine flooding it may continue to be 
worked under water. 

Mr. HairaT Davxt hands us the following remarks contributed by him to Engi- 
nuring ; — 

* The use of the hydraulic pumping enmnes for draining dip workings is a practice 
which appears likely to be much extended on account of the conveniences attendant 
upon it, and for this reason we believe that many of our readers will regard with 
interest the ennne and arrangement shown, 2462, 2463. The engine employed 
at the Seaton Delaval CoUiery is proportioned for rais'og 100 gallons per minute 
60 feet high, the water for working it being supplied under an (Sfeetive pressure of 
166 lb. per square inch. For “ dip” workings a (Afferent class of ennne is required, 
engines for such workings having to be small and compact, so that they can be 
ree^dy fixed upon a plank and carried forward as the working proceeds. For such 
purposes a number of engines with slide valves of lignun-vitss have been made, but 
It has been found that when the water was muddv and the pressure heavy, such 
valves wore very fast, and hence Mr. Datbt was led to design a new arrangement of 
valves, which are employed on the underground engines, which arrangement hae 
proved most satisfactozy in its action. 

‘ Both the exhaust and admission valves are single mitre valvee, and they are 
capable of working under the heaviest pressures. The exhaust the en^ne is 
disohar^ into the delivery pipe of the pump, ^ as this takes place only d^uring 
the backward stroke, the area of the plunger is, in designing these engines, first 
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determiiHMl, and the area of the annular Bpaoe ie Uien obtained by the following 
ioimula 

._JP+Ap 

F^p 

In which x » the area of the annii ir apace. P » the effective preaanre of water work- 


2462 
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log the eqgine,jp h the prennre againat which the pump delivers, and A the area of 
the plunger, l^e efficiency of these hydraulic pumping engines is, we are informed, 
foom 70 to 60 per cent’ 

The satne hydraulic engine is employed for undeiiground hauling. The engine, a,, 
puts in motion the drum 2403, which is brought into connection with bb at the 
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top of the dip-workingB. Wire rope conoected with the tracks, o, work the earrUigee 
up and down the tramways in either gallery. The facilities afforded this arrange- 
ment are rery great, and it will probably be largely adopted in deep and extensive 
coal workings. 

VUWf MAJn, When dressing floors are situated on a common level, without 
a gravitating full, it is frequently necessary to lift sand and slimes from the end of 
one enriching apparatus to the head of another, so as to continue and complete the 
dressing process. 

Various forms of lifting apparatus are employed for this purpose, such as the scoop 
wheel, Archimedean screw, and chain elevator. 

At the Moonta Copper Mines, South Australia, Mr. Hakcock, the Director of the 
Works, employs an ordinary plunger, having a water pressure pipe fitted to tho 
plunger cose, for lifting the sand and , water flowing from the reducing and other 
machinery to tho jiggers Ftff. 2464 is affront, 2466 an end elevation, and 2466 
a plan of the plunger apparatus, which, with the following descnption of its parts, will 
be rendered clear : — 

A, plunger cose ; b, clack box fitted with ordinary inlet and outlet clack, o o ; c, inlet 
pipe , D, outlet pipe, or column ; b, plunger gland box ; f, pressure pipe introduced into 
the gland box, immediately below the packing, so as to keep the sand below this line ; 
K, plunger. The arrows in ^s. 2464 and 2466 indicate me course of the sand and 
water. 

2464 2466 



Tho pressure pipe, about an inch in diameter, provided with a regulating cock, is 
placed in connection with a small water cistern set a few feet higher than the top of 
the delirei^ column, d. In working this pump, the pressure of water obtained by 
means of the cistern and pressure pipe, f, being in excess of the working load, or 
resistance on the end of the plunger, prevents any sand from rising aboveme soda of 
the water delivery. The plunger packing is thereby kept freer from grit, and con- 
sequently rendered very durable. 

wumnm or OJLSSXm. See Cassius, Fubplb of (voL i. p. 747). M. H. 
Dbbbat, recently read before the Jaadimte dsB Sotenoea a paper on this interesting 
chemical compound, of which the following is a translation from the ComfUa 

* When a solution containing simultaneously prutochloride and bichloride of tin is 
poured into a xen dilute solution of chloride of gold, the result is the fonnatiou of a 
uTOwn-coloured fluid, whieJi is turbid when seen by reflected, and purple when eeei^ 
by transmitted light , while after a time a coloured precipitate is deposited in tbs 
liquid, wbicb 4|l^ so-called purple of Cassius, and is^as is well known— the basis 
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of all gold pigraanta employed in glaai and ponelain ataining for the purpose of pro- 
ducing roee, red, and Tiolet oolouxa. 

'The pni^ of Cassiua ma,j also be obtained under other conditions, and its compo- 
‘ sition Tpries with its mode of preparation, but is always siich that it {the purple) may 
be represented as oonsisting of hydrated binoxide of tin and metallic gold in a very 
finely divided state. The rolour of this substance is the deeper the more sold it dbn- 
tains, but does not differ from the hues which the precipitation of gold alone can 
prince, so tiiat MAcanxR, who first made this observation, viewed the purple of 
C^ius as a mixture of gold ana hydrated binoxide of tin. Paousr having observed 
that the purple dissolves in ammonia while still wet, and that on being triturated 
with mercury it yields no gold, the mixture hypo^esis was mnerally abe^oned, and 
the purple was considered to be a chemical combination. Tne only rational mode of 
viewing the composition of this combination was to consider it to be a saline oxide, 
that is to say, a stannate of protoxide of tin and suboxide of gold, the latter contain- 
ing a sufficient quantity of oxygen to convert the protoxide of tin into binoxide. This 
saline oxide might, moreover, be mixed with a variable proportion of stannic hydrate 
{hydrate stanmque). 

* Since Proust’s days, there have been many discuBsions, and more researches, on the 
constitution of the purple of Cassius. It would be impossible to give a rtwmi of 
these labours here ; suffice it to say that no decisive aij^ments or any new view has 
l)een published in favour of either of the two hypotheses lust alluded to, and which, in 
niy opinion, are quite erroneous. I consider tne purple of Cassius to be a lake of 
stannic (or metastanmc) acid coloured by very minutely divided gold. The colouring 
matter ^ this lake has become insolvent in its usual solvent, mercury, just as the fast 
colours of the dyer resist the action of water in consequence of their union with the 
fibres of the woven fabrics, or with the mordants. The following results of experi- 
ments, and explanation of facts discovered W mo, will, I hope, completely justify this 
mode of viewing the purple of Cassius. I boil together a mixture of solutions of 
bichloride of tin and acetate of soda ; the result is that biuoxide of tin is precipitated. 
1 next pour into the hot liquid a small quantity of chloride of gold, and then some 
oxalate of potassa ; the result of which is that the gold is immediately reduced, aud 
while only a small quantity of the metal is jprecipitated on the glass, the bulk of it is 
precipitated upon the oxide of tin, which thereby assumes the ordinary colour of the 
purple of Cassius. A perfectly similar colour can be produced with alumina by 
precipitating gold in a fluid which contains alumina in a state of suspension. For 
this purpose, 1 add to a solution of chloride of gold, saturated with acetate of soda^ 
gelatinous alumin^ and to the hot mixture 1 add gradually oxalate of potassa, 
whereby the gold is reduced. These two lakes having been kept suspended in water 
and shaken up in a closed strong glass vessel for several hours with mercury, have not 
lost their colour. 

' Tlie ordinary method of preparing the purnlo of Cassius does not evidently differ 
from that just alluded to, except that the oxide and the colouring matter are precipi- 
tated together, by which means the beauty of the colour is undoubtedly incressed, as 
welbasits fisistneHS towards mercury. It nolr remains to be explained how it is ^at 
this lalst is soluble in ammonia. We know that oxl&e of tin is soluble in ammonia 
when pt^ipitated at the ordinary temperature, so long as the oxide eontinues wet, 
and that it ceases to be soluble in ammonia under various conditions, as, for instance. 


' The purple of Cassius loses its solubility in ammonia under precisely the same 
conditions, and hence it ought to be observed that the solution of purple of Cassius 
in ammonia (that solution being always turbid when viewed by refleeW ught) deposits 
slowly metallio gold, while the oxide of tin remains almost entirely in solution. This 
well-known flut is ^uite natural if the purple is a lake, but it is very difficult to 
explain if the gold is in the state of omde, because the action of ammonia on the 
metallie otides of the precious metals gives rise to the production of more or less 
conmlex prbdnots, but never sets the metal free. 

' MBBoapivr has observed that in the assay of the precious metalo, when silver, 
which ooutdbs a small quantity of tin and of gold, is dissolved in nitrie arid, a sub- 
stanoe |s obtained wn analo»ns to the purple of Cassius ; and since gold is not 
OzidlAMi by nitrio ani^ he inferred that ms purple of Cassius contained the gold in 
the nMlsmiQ rtate, Gat-Lvssao having resumed these researohes came to the same 
eo&cltMiOB, but since this purple of Cassius so formed was not soluble in ammonia, it 
bassnks necessary to demonstrate the identity, or at least the isomerism, of the two 


of tin obtained hy the oxidation that metal by the aid of hoot is insoluble in 
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ammonui, and the umA holds good for the lake which it fosrmB with gold. But if the 
temaxy allov of ailTer, gold, and tin is acted upon at a gentle heat, a purple ia 
obtained which is soluble in ammonia, and I hare found, b^ direct experiment, that 
the oxide of tin obtained under these conditions is soluble in that reagent.'— Trans- 
lated in the Chemioal Newt. 

9VMWUMJM. According to M. F. ns Lxlamdk's French patent, purpurin may be 
obtained as follows : — 100 parts alizarin and 100 of dry arsenic acid are heated with 
1,000 parts of sulphuric acid to 160*’, until a san^le taken out gives a deep red 
colour with soda. He then dilutes with 30 volumes of water, heats, and ^ters. The 
residue is used for dyeing. Instead of arsenic acid may be used ontunonic acid, 
protoxide of manganese, or stannic atdd. 

PTUraS, AU1UCFBXOU8. The following description of the processes 
adopted in the treatment of the auriferous pyrites of Victoria is taken the 

report of B. Buouon Smtth, (Secretary, fur Mines, and the Chief Inspector for the 
Mines of Victoria, a report which may^bo distinguished for the completeness of its 
<letails, and the clearness of the deductions drawn from the reports which have been 
furnished to him by the several Mine Inspectors. Mr. Buouau Smtth having issued 
circulars of inquiry, obtains tho following information, especially from Mr. Cosmo 
Nrwbbbt. 

The remarks made by Mr. Nkwheut on the modes of treatment will bo found of 
considerable advantage, if carefully studied, by those who, either at home or abroad, 
have the charge of either the auriferous, argentiferous, or cupriferous pyrites. 
Memorandum relative to the Treatment of the Aurferout Tyritet Sands obtained from 

the ThUinge of the Q^arte-orushing Machines, vnth a View to the mors Con^ete 

Extracticn cf the Gold and the Saving of the other Components, by M/^ Cosmo 

Nbwubbt. 

* Examinations of tho pyrites’* or“mundic" in the quartz lodes show that the 
sand may consist of the following distinct minerals ; — 

* 1, iron pyrites ; 2, arsenical pyrites (mispiekel) ; 3, magnetic pyrites; 4, copper 
pyrites ; 6, stibnite (sulphide of antimony) ; 6, galena (sulphide of lead) ; and 7, 
zinc blende. There are some rarer compounds, such as Bournonite, Boulangerite, 
Jamiesonite, tetnihedrite, copper glance, indigo copper, and bismuthinite ; but as 
these have only boon noticed as occurring in very small quantities, they are not likely 
to interfere with any process that may be adopted. At Costerfield, Bingwoud, 
Whroo, Murchison, and Sunbuiy, stibnite is the most abundant. At Bourko’s Flat 
and St. Amaud, the mundic ” is found as masses of intimately mixed iron pyrites, 
galena, and zinc blonde. At Sandhurst many of the veins contain little iron pyrites 
and laige masses of arsenical pyrites. At Mount Buller the quartz lodes contain large 
bloclu^ weighing many hundred pounds, of nearly pure pyrrhotine (magnetic pyrites), 
and in some of the Hippsland mines nearly all the varieties have been found inti- 
mately mixed. 

* In the great minority of instances any mechanical separation of these minerals ia 
impoBsihle, and the operation of crushing the quartz, in order to obtain the free gold, 
reaucingthe brittle mundic toa veiy fine sand, thoroughly mixes the minerals together, 
so that the manufacturer will have to be prepared to cope with a material containing 
sulphur, arsenic, antimony, lead, copper, and zinc, with more or less s^ld and silver. 

‘ Analyses previously reported have shown that nickel, cobalt, cadmium, bismuth, 
and manAuese are also found in some of these minerals. The nickel and cobalt may 
possibly be extracted economically from some of the antimonial ores with which they 
ore associated. 

* From these mixed pyritous sands only a very impure sulphuric acid can be made ; 
oa economic process fqr the complete removal of arsenic and antimony fhim sulphuric 
acid is still wantinjg, and I doubt whether the acid made from our pyrites would be 
able to compete with that made from norive sulphur fur general mauu^tnring and 
dbemical ourposes. It would, however, be easily prepared of sufficiency good quality 
for metauargical purposes and some manufactures, so that, should works be estal^ 
lished, there would be no difficulty in disposing of the acid made. 

* The first point to be considered by the maker will be the variety of furnace to be 
used for roasting the ore. On account of the fine state of division of the ore, tto 
fhmaces used in fingli^ works will not be fouud suitable. The indinsd reverberaUwy 
furnace now used on the gold fields \^1 have to bo superseded by one requiring lees 
constant attention in charging and stirring, and one that will not admit sra a great 
excess of air^as this large volnme at atmospheric air passing into the acid ifiiambeni 
will cause a great loss of acid, possibly some modification oi Oxlxmd's, OansTBit- 
Bonn’s, or SrvDTAnLDT’s fiirnaees may be found suitable. 

' After leaving the fhrnace, the gaseous prodoctM (sulphttroos and arsenious acids) 
must pass through diy condensing chambers or flues, in order to remove the greater 
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piurt of tbe anenie. The eommerdal deaend for thie enbetanee in AnetmUa ia very 
pmall ; but it mnat be removed from the enlphurie add ae eompletely aa poabible ; 
and it will be advantaAeoiia, on aanita^ mnnda, to prevent ite finding ita way into 
the'credta and rivers ox the eonntry, as it does at present. 

* When all the economically available snlpbnr has been removed from the ore, it 
may be then treated by Gibb’s method — that is, roasting with common salt, so as to 
render the silver and copper soluble in water, from which solution they may be 
recovered at very email cost. The residue, after extracting the silver and 'mpper, will 
then be oxide of iron, ami dean free gold in a condition to be readily amalgamated by 
mercury. The oxide of iron residue will be of value for many manufacturing purposes. 
Should any of the other metals which have been mentions be present in quantity, 
only slight modifications or extensions of the process will be necessaiy. 

*The gain in adopting some such plan aa that described by T. Gibb, Esq., F.G.R., 
in his address to the Tyne Chemical Society, for the treatment of the roasted pyritous 
residues obtained from the sulphuric add works, would be a much greater return of 
gold from the pyrites—fuUy 10 or 20 per cent, more than at present — the saving 
of the silver, copper, &c.. now wholly lost. The silver in some cases amounts to as 
much as from five to ten ounces per ton iu the arsenical pyrites of Sandhurst, and 
considerably more in the ore from the St. Anuiud district. The amount of copper 
varies very mneh, but on an average the ore will bo nearly as rich as that now treated 
in England by the wet process.' 

Professor CHiPifAir, in a letter to Kr. Nbwbuut, says : — 

* 1'he ore, of which the gold of North Hastings is present, consists of arsenical 
pyrites, a mineral composed esBontially of snlphnr, arsenic, and iron. The gold is 
partly in the free state, and iu this condition it can be obtained from the stamped ore 
by amalgamation ; but the amount is insufficient to defray the cost of treatment. By 
far the greater quantity of the gold is intimately combined with the arsenical mineral, 
and is present, I have reason to believe, in the condition of an arsenide; it cannot be 
extracted, therefore, by any mBchonical process of washing and amalgamation'. If the 
ore be thoroughly roasted, the gold becomes set free ; but this “dead ‘roasting,*’ as the 
Germans call il, is a long and tedious operation, and one that requires sp^ial care for 
its successful poiformanco. Here, where the price of labour is so high, it could 
scarcely be employed. If carried out too quickly, or at too high a temperature, part 
of the arsenic becomes permanently fixed in the ore ; and if the roasting be imperfect, 
it had better be omitted altogether, as otherwise the free gold may Income arcenl- 
cised, and none, or next to none, will be obtained by amalgamation. If^ however, the 
stamped and properly huddled ore be mixed with a tenth of its weight of nitrate of 
soda, the “ crude nitre " of commerce — lai^ly used in agrionlture — and the mixture 
be passed through an iron cylinder or gas retort, fixed at a slight inclination, and 
heated towards its centre to moderate redness (several of these cylinders or retorts 
being set, if necessary, in the same fnmace stack), the sulphur and arseoie become in 
part rapidly eliminaW, and in part absorbed chemically by the alkali of the nitrate. 
The ore Gius treated must then be leached in water, when the solnble compounds 
readily dissolve out, leaving the bulk of the ore in^tlie form of a dull red earthy 
residuum. This should be passed by itself a second time, and somewhat more slowly, 
through the heated cylinder, when practically all the gold contained in it becomes set 
free, and can thus be extracted by amalgamation or by chlorine. The expense of the 
nitrate is covered by the paint material obtainable in the form of a yellow orpimenti 
nr Paris green, from the arsenical solution derived from the leaching of the ore ; and 
in addition to these by-products a laige amount of almost impalpable zed oxide, also 
valuable as a ^nt or wash and for other purposes, is left as a final residuum in the 
treatment of the ore by this prooess. There is one point, however, which should be 
kept in mind with regm to the gold-braring ore of Ifnrth Hastings. The amount of 
gold varies considerably in different samples taken from the same vein or ImkI. This, 
as all miners know, is nothing unusual In some samples independent assays have 
shown upwards of eight ounces per ton of 2,000 lb., whilst in other samples less than 
half an ounos may be present. It is mere folly, therefore, to operate upon a few ton*, 
and then to drop the work if the returns do not immediately answer extravagant 
expectations ; and, on the other hand, it is equally foolish to consider any high re^ts 
bbWnid in this manner from a comparatively small quantity of ore, wen perhaps 
aocideiitally from a so-called “ ohimney-streax,” as a standard of the general yield, 
fiat, taldBg one ton with another, it may be safely asserted that, if the above nuthod 
of treatoMnt wen applied oontinuouely to the arsenical pyrites (as distinguished froa 
the eoaiBion and magnetic pyrites) of the district, the average monthly retnrne would 
show a vield of at Iwt twentv4ve dollan per ton. The marvel is that, with tbit 
rich gold-bearing ore within a day’s journey of some of our opulent cities, the enter* 
prise to make it available should be eo utterly wanting.’ 
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* 

Mr. OosHOB Niwbhrt etfhtinuM his report as followB 

* I have the hooouc to return to you toe oopv of Professor ChtAncAN's letter cm ttio , 
gold oie of Korth Hastings, and to offer the following remarks 

* The ore which he hoe under notice, an auriferous arsenical pyrites, resembles the 
Patous ores of our gold fields in not giving up the gold it may contain to any 
simple mechanical tfeatmenit but differs in having the |told held in combination, as 
he says he has reason to believe that it ie, in the condition of an arsenide, while in 
the pyrites of our mines there can be no doubt that the gold dkists os meti^ic gold. 
Numerous trials by others, as well as myself, have failed to give any evidence of ^Id 
in actual combination. In the majority of the samples examined the gold has been 
found in an extremely finely divided state. The fine powder, when examined by 
microscope, is seen to be composed of irregular masses of gold and imperfect crystals. 
The masses, if not crystalline, are usually roundcid, like alluvial ^Id ; the rough 
ragged edges of the quartz gold is seldom found, ezeopt in the larger pieces which 
sometimes protrude from the crystals or masses of pyrites. 

* The reason for the difficulty in amalgamating pyrites gold is, I believe, due to its 
being completely coated with the pyrites, which, even after grinding, adheres to it, 
and prevents its contact with the mercurv. Mr. Ukht, ot the New Zealand Geoloncal 
Survey, finds that much of the gold ho mis examined is not readily amalgamated by 
mercuiy, owing, he states, to a thin film of sulphide coating the gold. This film is so 
thin that it makes no diffhrence to the colour or lustre of the metal. Perhaps some 
each film may exist on the gold in pyrites, and this supposition is to a certain extent 
confirmed by the fact that a better yield of gold can be obtained when p^ites are 
amalmimatoa in some solution, such as cyanide of |>ot.iBsium, which would dissolve 
this film and allow the mercury to come in ointact with the particles of golif 

* The formation of arsenide of gold in quartz kilns and roasting furnaces has been 
noted here, and there can be no doubt that all gold so combined will be lost, as it is 
extremely brittle, and is therefore ground to a fine powder and washed away with the 
tailinn. 

* The treatment with nitrate of soda is one which I do not think applicable in this 
country ; it will probably give an increased yield of gold, but the cost of this extra 
yield will be more than its value. By the present method of treatment, careful con- 
centration of the sand, roasting, and amalgamation, about BO per cent, of the gold in 
the pyrites is obtained. If we say the pyrites contains two ounces of gold per ton, 
this would give a loss at present of eight pennyweights of gold, worth 82«. (taking 
gold St 4l. per ounce). Now the amount of nitrate recommended is one-tenth of the 
weight of the ore to be roasted (2 cwt. per ton), worth in this country 245. per cwt. ; 
so that, without includiug extra labour, fuel, &c., tho 825. worth of gold would 
require 485. worth of nitrate of soda. This is supposing the whole of the 20 per cent, 
now lost were to be recovered by the use of this salt, a result hardly to be looked for. 
This loss of 165. per ton would have to be recovered from the arsenical pigments, 
which are at present of little or no value here. Tons of arsenio are taken f^m the 
flues of our pyrites fiunacee and buried or thrown away, as there is no market for it. 

* As mentioned in a memorandum recently forwards to you, I think that, as our 
pyrites contain many valuable substances besides gold, it should be the aim of works 
established here to save some, if not all of them, and I have but little doubt that, as 
the knowledge of the groat waste of sulphur forces itself upon the mine-owners and 
consumers of sulphuric acid, we shall soon have complete works established which 
will be able to treat our pyrites and utilise all their components, and thus save ^e 
colony many thousand pounds per annum. 

* The average yield of gold of the pyrites, blanketings, &e., that have been operated 
on in Victoria, is 2 oas. 16 dwts. 10*88 grs. p» ton, and with abundance of sulphidei 
of the llks duster, it would be unwise to aiscourage experiments that might lead to 
a more profltaUe treatment of them.'->Prqgf0«5 Beport hy the Inepeotor-OintinA qf 
MUeet of Fiotoria. 

SrTaiAN Ptbitbs.— T he pyritea of Styria are known to contain gold. H. SoowiBi 
proposes as an easy method for separating this mid, to fuse 100 grams of the mw- 
derM pyrites with 46*6 grams of iron flliogs under a layer of common salt When 
cold the fliaed mass is broken up, and the resulting Fe9 is dissolved in dilute sul- 
phnrie acid. The solution being Altered, the residue containing the sulphide of gold 
iM wadied, dried, and roasted on a tile, and 2 grams of pure lead added. This miztUM 
is fluxed in a muffle flirnaoe: a email button of lead is thus obtained, in whfoh, aftur 
dissolving in aqua regia, the gold can be readily detected. H. Bottwua, (9m '« 

; Dixolbb'b Jotfir»t eozviii. 

Wmras, nuiv« nBUted. (IToL iii. p. 673.) Since the duties of 
Sttlphnr have b^n increased, iron pyrites has been employed ae a source of sui^hiyi 
These pyiittih^niiere they oan be obtained in Urge quantities and dieap^, tie 
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•blx Wid. TIm xwidua of pyritM oontaiat to lugo a pAportiqn cf iioii that ia (Itf 
fi^gU fitabliahiBiBt of Mamr, Br. Homainc saji, the loss thoa oocaeioaed anonata 

M mminm ftnd a quarter franoa, and there ia great diffloulty in finding room for 
them.. 

' Dr.' HoFMAinr anoeeeded in utilieing them ia the following manner. The feaidueai 
after the extraction of the eulphur, undergo a ayetematic w^mg, the temMrataie of 
the water being 40^ G. To the waahinga thna obtained aalt ia added in the 
tiaa of one equiTaleiit fbr each equivalent of aulphuric acid present ia the liquid. The 
result is sulphate of aoda, which is separated by cooling and ciystallisation. This * 
product has numerous industrial applioations, especiaUy in the glass trade and in soda 
manufinctare, and it is obtained in the present case in sufficient quantities to cover tha 
cost of all the operations. The mother*liquors remaininn after the sulphate of soda 
has been sepahOed contain chloride of ainc, salt, sulphate of iron and sine, and a 
Airther quantity of sulphate of soda. By concentr.ition to B. the various salts arc 
deposited, with tlie exception of the chloride of sine, which may then be separated. 
This has several industrial applications, and is sold in Germany at 18| finwes per 
100 kilos, and is much used for preserving railway sleepers, or it may be used fbr 
obtaining metallic zinc ^ being first treated with lima to convert it into oxide of 
zinc, ^e residue from ue last operation still contains the iron originally present in 
the pyriies, and also some sulphur. It is dried for some days in the open air, and 
the bulk of it crumbles to powder, though there remains some compact fragments. 
Dr HocvxNir found, as tha result of his inquiries on the jpyntes of Megger, ttiat the 
portion in powder is almust free from sulphur, while the fragments stiU retain con- 
siderable quantities. Simple sifting serves to separate the part free frwm sulphur, 
and it is then reedy for treatment as an iron ore . — Lea Ufonaes, Sevua Habdomadaira 
dea Soienoaa, June 17, 187A. 

Burnt Pj^aa. M G. LuitaB.>-According to the analyses of Si. Gibb, the pyritaa 
of San Domingo, of Tharsis, and Bio Tmto contain on an average 46 to 49 per cent, 
of sulphur : — 

BUtst, Onnois 
Copper, per Oni. per Ton 

Rio Tinto 8*80 1*90 

Tharsis 8*00 0*70 

San Domingo 8*70 0*70 

The burnt ores, as delivered by the sulphorio acid makere, have the following 
eompoeition : — 






Bio Tinto 

Tharris 

Sen Domingo 

Tttareen, 

Norway 

Copper /calculated 1 
Iron \ae 0a*Fe*8<J 




Bif if!l 

1*6000 

1*6600 

1*01 





8*2800 


8*88 

Sulphur 

Oxide of copper . 





^ 8*1600 

8-6200 

8*10 





2*6600 


0*89 

Oxide of lino 




2*0200 

0*6600 


6*46 

Oxide of lead 




0*4700 

0*7000 

0 8400 

0*06 

Silver . 




0*0087 


0*0028 


Oxide of cobalt 




0 0070 

00820 



Oxide of biamuth . 




0*0180 




Lime 




0*2000 

0*2600 

0*2800 

2*80 

Oxide of iron 




77-400« 

mEsmm 

78-1600 

68*06 

S4phiirie acid (SO*) 




6-1000 

6-2600 

6*8000 

666 

Araenicadd . 




0-2400 

K2EE9 

0 2600 

0 06 

Inaolnble roeidne . 




1*4600 

6 8600 

1*8600 

S74 





00*4700 

100*2600 

00*8200 

100*06 


M. G. Luitob, BuUaUn da la SooUU da iVirii, Jpne 0, 1870. 

7%a Estfaatkn SUaer from Oapraoua Iron I^ritea.—Tha enpreone pyr'tee bow 
imported from Sjmin in luge quentitiee for the maunfacture of sulphuric am coetBi* a 
amell pecmuvtioii^a of gold and ailver, and attention is now being paid to diecovor ehasp 
maeiii of aeparatSng three metele from the copper. After the eulphuric add mami* 
fo -tm haa burnt ofiT aa much aulphur »*e he otairea from the eupreoua pydtee, 'tha 
Voi. XT. ZZ 
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NitdM il Mat to the metalla^ist. The i^tira mportiou of ooppor ond liil^ ik 
fjtMnw ftom tbo ohief rorietiM of pyritea ore aa followB : — 

Copper, par Cent. aHMr, per TOn 

RioTlnto 8‘80 1 oa. 14 dwta. 

Tharaia 8 fiO 18 » 

Son Domingo (Mason^b) . . . 8*70 16 „ 

. The proceaa graenlly adopted for extracting copper from burnt pyrites eonais'a 
tMentially of three chief operations, vie.: — (1) Formation of chlonde of copper by 
oalmning the burnt ores with common salt ; (2) separation of this chloride from the 
mase b^ liziviation ; and (8) precipitation of copper by metallic iron from the solution 
■0 obtained. 

Silver and gold are chloridised in the ealoination and diaeolved with the chloride of 
copper, chloride of eilver being diasolyed in the first washings, which contain a com- 
paratively large proportion of metallic chlorides, besides, in most cases, chloride of 
■odium. 

When these solutions are digested on metallic iron, the silver and gold are pre- 
cipitated with the copper, and man;^ attempts have been made to separate economically 
^e precious metals from the solutions b^ore precipitating the copper, or from the 
copper after precipitation. 

At first aicht the problem appears easy ; comparison with Auqubtin’s process for 
extracting suver from copper regulus suggests at once digestion of the solutions on 
metallic copper, but before anything like complete separation is accomplished, the 
cupric chloride must be reduced to cu proses chloride, and when dealing with solutions 
in which the relative proportions of copper and silver are so extremely unequal (about 

I, 6C0 to 1), the slowness of the reduction of cupric chloride and the sparing solubility 
of cuprous chloride render the process quite impracticable. On this principle Clauokt 
propmMd to employ spongy iron slightly in excess of the proportion required to chanjur 
the cupric to cuprous chloride, and Wbiobt to employ metallic copper in an extremmy 
fine state of division. But the reduction of cupric chloride, even when spongy iron is 
used, is not easv on the large scide, and cuprous chloride is an extremely troublesome 
■alt to deal with in large proportions in solutions. 

In the beginning of 1870 a process was patented by F. Claitdbt and introduced by 

J. A. Phuxips at the Widnes Metal Works (vol. iii. p. 678). 

Clauppt's process depends on the almost complete insolubility of iodide of silver in 
cold solutions of metaUic and alkaline chloriaes, and is couaucted ae follows : — In 
lixiviating burnt ores after calcination with common salt, Psillips has found that the 
first three waehinge contain about 06 per cent, of the solvble eilver, and these washings 
only an run into settlers preparatory to silver precipitation ; the remaining washings 
being treated directly for the copper they contain. After eeltling, the fl^t liauore 
an iato precipitating tanks, a sample is taken firom each tank and aeeayea for 
■ilver, and a quantity of iodide of potoMium solution, calculated ae equivalent to the 
silver found by assay, is added to we copper liquor. At the eame time the liquor is 
diluted by ebont one-tenth its bulk of water and mixed with some milk of lime, whilst 
the whole U kept continually stirred. Iodide of silver, eulphatee of lead and lime, 
and enbctiloride and oxychloride of copper, precipitate, and are allowed to settle 
during two or three days. From time to time the accumulated precipitate is removed, 
waited with dilute hydrochlcaric acid to remove the copper salts, and treated with 
metallie sine, which decomposes the iodides with production of iodide of sine and 
metallic silver and gold, ^e iodide is diseolved out, etandardieed, and employed 
isstei^ of iodide of potaaeium in operating on further quantities of liquor. The 
of the reudue ie pven by Mr. Kiukvnm ae under^ 


Silver 

6*95 

Gold 

0*08 

Lead 

. 62 28 

Copper 

Oaae of sine 

0*60 

16*48 

Osidoofiron 

1-AO 

Lima 

MO 

Snlpbnric acid 

7*68 

Insoluble residne 

1*75 

Oxygen and lose 

8-Ot 


100*00 


By tliie roj^ptery of the-iedkie in combination with xinc, tlie cost for iedidsMMfoniMl 
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to tihift Nquivad to kotp up tho Iom in eactji&g on (he opcntionii nad io ooW n oBall 
pekportioB of iSho Tnluo of tho pnoioni motnli toooToiod. This piooMt hiw dmb toij 
■uccoMfal in the handi of Mr. FKizxm, who haa Moorered about two-thizda of the 
ailTOf, and probablj a langer proportion of the gold in the oiea worked in the Widnea 
'MetAl Worka aince it waa flrat introduced. 

Thia proceea haa been tried by other extractors, but haa been by some abandoned. 
One cauae of want of Booceas apneaia to be the preaenee of cuuroua chloride in the 
copper eoluttons. When ores, b^y burnt or refraotoryi an calcined in handworked 
fhrnacea. or when a hi^h temperature ia employed in calcination, a conaiderable quantity 
of cuproua chloride m formed. The following teating of orea from different woru 
aliowB the great difference in relative properUone of ouprio and cuproua ohloridea in 
calcined orea 

Per Oanl 

Cupric chloride . 6 70 4*08 4*26 8*76 

Cuproua chloride Nil 0 21 0*46 0*68 


When cuprous chloride is nre^ent in copper liquors in considerable quantity it if 
precipitated on dilution of tne liquors, when iodide is added, increasinft the quantity 
of precipitate, to be further dealt with to obtain the argentiferous residue ; and in 
presence of cuprous chloride the silver is incompletelv precipitated on addition of ita 
equivalent of soluble iodide to the liquors. In the Widnes Works great cue is ob« 
served to avoid the formation of cuprous chloride, and to this care the especial auQoess 
of Culudbt's process in these works is doubtless attributable. 

A process adopted by the Bkdb Mktai. and Cukhical Cowpamt, and continuonsly 
worked for a cunside<able time past, consists in the precipitation of the greater Mrt 
of the silver, simultaneously with a comparatively small proportion of the oo{>par, froin 
the copper liquors by sulphuretted hydrojron. On first passing this precipitant into 
copper liquors a much larger proportion of the total silver than of the touH copper in 
solution is precipitated, ^e first series of experiments, in which sulphuretted nydro- 
gen produced by the ordinary laboratory method waa employed, led to the expectation 
that with 10 per cent, of the copper 70 per cent, of the silver would be precipitated. 
But when H^S, much diluted, was blown through the liquors, ptoduoino a violent 
amtation, a much more perfect concentration of the eilver was obtained. & practice 
H^S ie obtained by the action of dilute hydrochloric acid on ' tank waste.’ ']^e tank 
waste ia placed in covered tanks of wood 6 feet square and deep inside, on a bed of 
aahes over a falee bottom of narrow boards. The add is conducted under the fiilae 
bottom, and rises through the waste to an overflow-pipe 2 feet 6 inchee from the top, 
thus giving a large space for frothing, dec. 

The sulphuretted hydrogen evolv^ in mixture with carbonic acid is drawn off bv a 
blowing engine, and blown with a large quantity of air, purposely drawn in for duu- 
tion, throng the copper liquors. Bdore blowing a sample is taken from each tank 
and tested for copper by standard cyanide of potassium eolation. The blowing ia 
allowed to go on usually for about twenty minutes, until a sample of the liquor gives 
6 per cent mas copper than the first sample. All the liquor produced in lixiviating 
the ores is treated this method, and b^ys, testinfe wirhont any analytical training, 
are able, with the aid of a table, to comevezy^neu the precipitation of any percentage 
of copper that may have been decided on. The precipitate is allowed to settle, and 
the liquors are drawn off to the copper pr^pitating tanks. The precipitate ia run 
off into waehing-tanka, wlure as much of the copper solution is r^ored as is ii^> 
tieable, and the precipitate is at last colleoted in a filter on the NasnEAM and Aim 
pli^ but with chamlm of more than twenty times the usual CApscity. 

The following are the average testings of the liquors and precipitate : — 


per Utie, 


Qrimnal solutions 
I>eialveriied solutions 

IVecipitated by H*S 


201 

18^ 

TI 


Biivwixr 

18 0 
2 10 

"STo 


The washed atgentiferona sulphide is not qnite free from ehloridea, and in the next 
opention^vix., cxloination at a low temperature— >eh]oridea of atlwar and copper are 
pKodufsed with oiide and sulphate of copper. The eateined precipitate is grouM to a 
rpQgh powder and lixiviated, flret with water, which diasolvee the aulphate of coppar, 
^anlyatMOfiilver. and aubeeqnently with hot aolntion of commmi salt, wnidh 
dlaoolvni put the chloride of ailver. The latter aolution alwaye eontaim pmar nod. 
I aolphato of lead. Thia aolution is mixed with milk of lima and tna^recipitafi, 
sag 
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wtU w«ahed, to free it as far as praotioable trom ehloride of caloiutn, aifter wiucIMt ill 


diyiag tba residae has the following composition : — 




Silver . 

Oxide of lead 
Oxide of copper 
Peroxide of iron 
Lime . 


Sulphuric acid 
Chlorine 


Water 


Inaolnble residue 


8-77 
28-66 
8 76 
2 - 61 ^ 
18-67 
81-72 
4 70 
4*20 
1*40 


: 00*48 

The method described of separating the silver from the precipitated sulphide of 
eopper is somewhat compltcated, but it has been adopted, after several modifications, 
as the most economical. The quantity of material to be treated in the latter operation 
being comparatively small, requires very few men and otherwise is not expensive. 

The proportion of silver recoverable fh)m burnt ore — about 1 part from 60,000 — 
although extremely minute, yet amounts in value in Tharsis and Mason’s ores to 
2s. 6d. per ton, whilst the cost of extraction by either Olaudett’s process or the process 
last described is aliout 10<f per ton of ore worked; and when it is considered that 
860,000 tons of such residues are produced annually, the aggregate value of the 
precious metals recoverable by these processes cannot be regard^ as unimf^jrtant. 

Roatting Pyrite*.— ln the article given in vol. iii. p. 673, there are descriptions of 
several processes for roasting pvntes, and of the processes adopted in the treatment of 
the cuprous ores. To these we have to add a description of Phixps’s oxidising furnace. 

The arrangeinent is very simple, and will be re^ily understood by the aid of the 
a n nexe d engraving. Fig. 2467 is a vertical central longitudinal section, showing the 

arrangement of the * terraces,’ 
*^®7 ‘ inter-tnrrare air-slots,’ and * sub- 

terrace air-chambers ’ (the olgeot 
of which will be presently ex- 
plained). A IB the fire-box; a 
the ash-pit ; c the oxidising fiue, 
4 feet in width, 40 feet in lenp^tb, 
and inclined about 60^; a is a 
dust-chamber, communicating bv 
the throat with damper, f, wita 
the chimney, o; H is the arch 
into which the hot ore-pipe, f, 
coDV^s the ore ; J, air-box with 
damper conveying air from fhns 
to tne sub-terrace air-chambers, 
ooo; x is the hopper; l the 
feed-roller ; m m, terraces of fire- 
clay ; ft n, inter-terraoe air-slots ; 
p, feed-slot; s, discharge. Fig, 
2468 is a transverse section of the 
hopper and feed-roller. Fig. 2469 
enlarged view of the terraces. 

The time required to desnl- 
phurise a single particle dependa 
greiitly on its sice, a little oiffer- 
ence in superfleies making a neat 
difference in the time rMUired: 
if a cube of pyrites 1 millimttre 
Rcrose its required ten 

seconds, one 2 millimnres sonare 
will require eight times aelong, 
and so on; this is adf-tfidetit. 
for the eim^e reason that ita o6n- 
tenta are aisht timaa aa gnit. 
Hsnee the adVantaga of jpdlvaria* 
ing the ore Paly finely befbiw roasting. But one of the difflcultiee where mid ud ailVe^ 
ora are coceemed hae been that if very finely pulverised, a consideraDle quinti^ df 
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tbt floiit (ttttd t)i« gdIdftBd litm with it) {■diawn off bjr the ftm of the ditoghi 
oumat Thii difflenlty Dr. tsiLn oonoeiTM ho hai oTaveomi by intfodueing tho 
ora in tho lowott itntm of the draught eurrent, lo that it lUli down the tenaee 
'floor* of the inclined fine in a eubetratum of atmoipherie eddiea, eanied by the meeting 
of the currenta of air firom beneath the terraces with the draught proceeding to the 
shaft. 

The mode Or working is ns follows : — A gentle current of air passes out ftom beneath 
the foot of ench atup or terrace from the reservoirs. Each current thus enters the 
flue in a descending dirHition, and, coming in contact with the ascendi^ or drausht- 
current, creates a series of eddies immediately over the terraces and in the path of 
t1)e ore. This arrangement supplies a vast quantity of air, in addition to that coming 
from the fire-box, without carrying the fine gold out of the furnace by the force of the 
draught-current. 

The ore is pulverised dry and passed thrrongh a sieve having forty meshes to ths 
linear inch, is then conveyed by strap and bucket elevators to the hopper, from whence 
it 18 discharged into the flue underneath the draught-current. As it foils firom terrace 
to terrace it receives a fresh supply of oxygen from the incoming currents of air ; is 
burned * in suspension ' thirty times over, m a constant!}' increasing temperature, and 
on loading the furnace falls into another powerful current of air, and is blown through 
a long zigzag pipe, and is thus repulverised while hot and burning, preparatory to 
amalgamation. 

l)r. Pkklvs does not give any of the practical results of this fornaee beyond stating 
the very largo returns wliich it is aipable of aiTurding. The principle appears sound, 
and might well bo adopted exporimontiily in this country in alkali works, where fins 
Spanish ore is burnt. The cost of construction will, however, it is to be feared, 
operate against its introduction. But perhaps the inventor will, like some other 
inventors, kindly spend more of his capital in showing the users the manner in which 
the process can be made commercially profitable. ' 

Pybitjbs in Norway. — The Winganoea Mines of Norway, from whence some of our 
coppery pyrites come, are situated in the Island of Karmo, on the west coast of the 
Scandinavian peninsula. It was discovered in 1865 by M. Befranob, a French engi- 
neer. The bods of pyrites are described by M. F. Kuhlmann, jun., as being in contact 
with metamorphic schist on one side and on the other with gahro, known as hyperite 
and euphotide, composed of a granular mass of labradorite strongly impregnated with 
smarage and diallage. It contains rock crystal, tituniferous iron, and garnets. Ths 
ore is generally composed of sulphide of iron mixed with sulphide of copper and 
furrow^ with blend. The gangue is silica, with a little fluorspar and chloritoi 
Traces of carbonate of lime are also found. The average proportions are— 

Sulphur . 46 per cant. 

Oopper 8 H 

though certain portions contain from 12 to 14 per cent, of that metal. Specimens of 
metallic copper are sometimes found. Silver and ^Id occur in very small quantities. 
Of arsenic there is not a trace, which is important to the sulphuric acid manufacturer. 

2'he Uttlisaiion Wcute Frodwta from Iron Fyritea. — P. W. Hofmann, in Dino- 
lbh’s Folyt, Jour.^ February 1, 1876, gives the following description of processes used 
for this purpose : — 

* After iron pyrites has served for the manufacture of sulphuric acid it is difficult 
to dispose of the refuse, which contains much that is yaluable, and if not used, must 
be carefully prevented ftom contominating streams. At Meggen, where most of the 
German sulpnurie acid is manufactured, nearly IQO waggons of pyrites are daily used, 
corresponding to 70 waggons of ironstone, containing 40 per cent, of iron, which may 
be roughly valued at 60,000i. Many unsuccessful attempts have been made to utilise 
the iron, but the sulphur still mixed with it renders the metal altogether useless. 
AU efforts to remove it by beating have failed, probably by reason of the many ele- 
ments contained in the waste product; chemical analyris demonstrating the presence 
of fulpbux, iron, selenium, arsenic, lead, merenry, thallium, while sometimee 
iin& in the form of -sulphate, occurs to the extent of 6 per cent. 

* fion pyrites, when heated to a high temperature, soon parts with the sulphur, hot 
if sulphate of sino is formed, veiy great heat is necessary to effect this tenaration ; 
it if iILb creation of this eulphate that has long stood in the way of utilising the reflise. 
Soahifil; the refiue in water, evaporating to cLryness, and thus eecuring mystalliied 
anlphate of irc^, is easy enough ; but es the product contains a large quantity of 
snl^i^ of ^Dc, it is of litUe commercial value, for the separation of the two eOm- 
pouidsiaptaelieally impossible. The difficulty may ho overcome, however, if tllo 
Bgiiid in vnddh the refoee has been aoeked is treated with an equivalent of common 
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wit fbr mijr mf val«it uf ralf^iirio wid. On cooling this liquid, wjiteli of Oteabcg 
wlU am ftmao, in aueh quanatv as will pay the expenw of worUng the refhie. The 
liquid, moteorer, eontaiui ohloriae of sino, with a greater or lew amount of common 
wit, besidee the sulphates of Iron and cine and sulphate of soda. Br coneentMting 
the liouid and eraporating, all the salts are separate, leaving pure chloride of sine in 
the solution, which may be sold at 7s. Od. per cwt. Thus two valuable products am 
obtained foom the waste pyrites. 

* The waste solids, when thrown on one aide after the soaking operation, crumble 
for the most part into dust, the harder portions still containing sulphur in large 

a uantitiee. By sifting, it is pussible readily to separate the sulphur material from 
tie remainder. 

* The author states that this method of utilising the waste from iron pyrites is not 
a theoretical one, oe many thousand hundredweights of the materiale have already 
been operated upon, and several hundredweights of the Glauber salts and chloride of 
eine have been produced in this way and {n'ultably sold.* 

Dr. 0. R. A. Wbioht read a paper before the Society of Arts, from which we axe 
glad to extract some valuable information collected by him with exceeding industry. 

The following table gives a general idea of the composition of some of the various 
kinds of pyrites in practical use, derived from various localities. Of these the first 
mentioned (Hnelva and Tharsie ores) possess the greatest amount of practical im- 
portance, on account of the extent of the natural deposits, the scale on which they 
ure worked, the amount of copper contained, and the large and increasing quantities 
of metallic copper now actually extracted from them : — 



The UM of pyrites, eopper pyrites, and analogous minerals, such as sine blende^ in 
tbs mannfacture of the different * vitriols ' (green vitriol or ferrous sulphate, blue 
Vitriol or ouprio sulphate, and white vitriol or sine sulphate) is of considerable 
antiquity, these salts having been known from an early period as Ming produced by 
the natual or artificial oxidation of these eolpbu^ containing minerals; and the uee 
of copper pyrites, galena, and sino blende as sonroes respectively of metollie copper, 
Issd, and sino, and their alloys, also dates from a comparatively eerly epoch. Mose- 
over, it has long been known that when pyrites are heated in open vessels, so as to 
aUow free looass of air, sulphur dioxide is ibrmad, whilst more recently it hoe been 
Ibnnd that when ^ heating is effbetad in dosed vessels, sulphur is expelled ae suah, 
and may be oolleeted by mwns of suitable eondeneing arrangements. It is, indeed, 
not improbable that some gt least of the sulphur found m the free slats in volcanio 
districts is aetnally derived from this souroe in this wb ^ sltboiq^ a eonsideiabls 
portion of saeb natnial sulphur is probably fimnad by the mutual rsaetioa af gaseoas 
Sulphuretted hydimn and sulphur ^iogidt. water and fhlo sulphur bsing peodnesd 
thus:— 8SO*4'ifl^*-4nH)4>8S*. As mentioned below, advantage has also bean 
eokan of this duBigs to obtslii snl^ur from pyrites oommaxtialiy ; one portion of the 
minoral being heated in eontaet with air eo as to form snlphur diouide ^ tha 0Om- 
buMioo of Um sulfur presenty anothfr being so treated to give rim tondphuiotlid 

^^^nSnlaoit iaportaiit use of pyritea, howovir, as a substitttts fbriuiplni^ ot rt jii ti Ip 
ItsmiplQymontrmtlie laigs soaleasameaM of producing aulphiir dionidi iir fkf 
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'teimuMw* of ntpbidM,b 7 popQlphitM, tttlphatM, Mtidilom, dkiafeoteAti. ^ ; and 
BiiiioipaUj for tbo piodiieti<di of oulphurie aoki Rod iu darivRtirci. Tiia not of 
pyrites for this purpose, instead of sulphur, appears to have been first put in onstatioB 
on the large scale in this oountry by Han. of Deptford, as early as 1818. One dis- 
adTantage attending the substitutioo of p^mtes for sulphur in the vitriol manufacture 
is, that to p^nce a given amount of vitriol, more chamber space must be allowed. 
When sulphur only is buint, the resulting sulphur dtoiide is diluted only with that 
amount of nitrogen (Iparing out of coasiderntion unchanged air) associatM originally 
with the oxygen of the sulphur dioxide; but when pyrites is burnt, the resulting 
sulphur dioxide is diluted not only with this amount of nitrogen, but also that orlgi- 
nHlIy KN8(a'iated with the oxygen taken up by the iron of the pyrites. The reactions 
by which the sulphur dioxide is formed are reepsctively iadicatM hj t^s equations^ 

4S«+ 80* -880*, 

4FoS* +110*- 880* + Fe«0» ; 

t the quantities of air requisite for burning sulphur and pyrites resuectively, so as to 
produce same amount of sulphur dioxide in each case, are in the proportion of 
eight to eleven. Another disadvantage is the much greater de^e of impurity of the 
acid m.*^de from pyrites, owing to the volatilisation and mechanical carriii^ of yarioug 
substances from the pyrites burner to the vitriol chamber. Of these substances 
arbonic is by far the most ubiectionable, whilst iron, zinc, thallium, selenium, dte., avp 
frequently introduced into the vitriol. For many practical purposes these impurities 
are not of any cutibequence, but the impregniitioii of sulphuric acid with arsenic 
produces ns a flnal result the contamination of a laige number of chemical products 
with that deleterious substance. kSaltcake, hydrochloric acid, soda ash and crystals* 
soap, and many other products reqiitring the manufacture of sulphuric acid as a step 
to their production, frequently contain traces and even more of arsenic derived firom 
this source ; and tlie widespread presence in many substances of household use, and 
sven articles of food and medicine, of this objectionable ingredient, is in all probability 
not without influence on the general health of the population, besides lending ad- 
ditional complications in the detection of arsenic in toxicological investigations. 

It is unnecessary to re\iew in detail the various improvements made during tha 
last half century in the apparatus employed in tha proauction of oil of vitriol from 
pyrites, and in the method of practically carrying out the manufadtnre. Experienea 
shows that a slightly different form of kiln or pyrites burner is requisite, according 
to the nature of the sulphur ore used, in order to carry the combustion to the furthest 
possible exteut. Slaty ores, like Wicklow pyrites, require much deeper kilns than 
ores containing little earthy matter like Huelva pvritea. Ores containing more than 
traces of lead are veiy apt to flux or fnt more or leas, thus gUsing and ogglomerathm 
the lumps, and rendering perfect combustion difficult or impoaaibTe. The earns rsaiut 
may follow if the temperature in the kiln rise too high with certain other kinds of 
ores, the lower sulphides of iron first produced and the clayey and earthy mutter 
present being frequently fusible at a sumciently high temperature. Orea containing 
much earthy matter (such as Wicklow pyrites, which practically consists of a slaty 
mass through which pyrites is disseminated) are more difficult to bum, so as to utilise 
nearly the whole of the sulphur present, than ores containing little quarts or other 
earthy matters, such as Huelva pyrites ; in any case it is practically impossible to 
utilise the whole of the sulphur present On an average, 100 parte of Huelva (or 
Other analogous) or^, containing 48 per cent, of sulphur to start with, will yield, 
when burnt as thoroughly as is practicable on the large scale, about 70 parts of 
residual iron oxide, containing (liesides the copper, &c., origiiially present) a&ut 2*5 
to 8 0 per cent of sulphur, partly as a oupriferous kernel in the centre of each lump. 
Hot uniboquently, Imwever, the amount of sulphur present oQDsiderUbly exceeds this 
gmount, owing to inefficient treatment during the burning of the pyrites. Hence 
about 2 piM of sulphur per 100 of original ore remain unbmt, or 4 partf of snlpbur 
por 100 of sulphur originally present are unutilised. With such ores as Wicklow 
pyrites, oontainiag only about 30 per cent, of sulphur to start with, a much lorgep 
AuantiW remains upbomt. One hundred ports of lueh ore, as uooally burnt in tho 
Cilns, yioldi about 80 ports of burut ore, containing on on average about 6 per cent, 
of uoDumt sulphur ^or the most part oontainad as green or nnbwnt mlnenl ffirmiug 
the core of the larger fragments, the smaller fingmenta and duat umally not eon* 
taiuiiig more thu 2 or 3 per cant, of aulphnr. owing to the eombaatlou being kai 
InjuiM the earthy admixtures in the case of smaller pieces). Hence about 4 parti 
oTautpliar paf 100 of original ore, or 13 parta par 100 of original sulphur, ramaitt 
up u tihaod. paribus^ tha mors hwa fri>m s«tb7 adn^imea Is tha ppHm 
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the portion thne left part ia present u a basic persulphate of Iron, part as sulphate of 
lime, . 1 ( 0 ., aeoording to the nature and amount of the earthy matters present in tlm 
oriffinel ore. 

The amonnt of sulphur left behind in the burnt ore from a given class of pyrites 
nMSBsarily varies with other oircumstances. such as the exact sixe and shape of the 
kilns, the methods of stoking and of removing burnt ore, and of supplying green ore, 
and notably with the duty performed by each kiln — i.e., with the quantity of pyrites 
passed through it in a given time; thus I have obtained the following average 
numbers as the results of several months* working on a uniform quality of pyrites 
(Huelva), 26 to 80 tons of pyrites being burnt daily : — 


Owt. of Pyrites per Kiln 
per Diem 
6-8 
6‘8 
7-0 
7*6 


Peroentage of Bulphtir in 
Burnt Pyrltee 
2 86 
2 88 
8*01 
808 


nxoXAm. The name given by the inventors, Messrs. Faton and Hahris, 
to a machine to be need for the extinction of fire on board ships. 

The pyroleter is a small double pump worked by hand, which sucks up ftom tubes 
on either side muriatic acid and a eolation of carbonate of so^. These mingle in a 
generator forming part of the pump. The carbonic acid gas formed and the solution 
of salt and acid pass at once down a metal pipe to the hold ; along the keelqvu if the 
ship runs a perforated wooden box, which admits the dry carbonic acid gas amongst 
the burning materials. 

The Chemical News for June 18, 1876, describes an experiment. 

‘A well-appointed steamer conveyed the party from Blackwell to Qreeiihithe, where 
a large barge had been prepared. Its entire hold was covered to a depth of several 
feet with wooden shavings and cotton- waste saturated with turpentine and naphtha. 
A temporarily raised, and by no means air-tight, wooden deck, with loosely fitted 
boards, formed the wide hatchway covering. After the apparatus had been explained 
by Dr. B. Carter Moffat, in respect to its action as a common wash-deck pump and 
fire-engine, and its influence for a fire above-board had been observed, upon which it 
acted very efficiently, throwing water a distance of 80 feet, the pipes containing 
chemicals were attached, and the signal given to set fire to the inflammable materials 
in the hold. Immediately, the flame ran along the entire cargo, and issued above 
the temporary deck, which was then covered with hoarding. The " pyroleter*’ having 
been brought into action — and although nearly half a gale of wind was blowing — the 
fire was completely extinguished in four minutes.’ 

It is, we understand, computed that a 1,200 ton ship quires about half a ton of 
each — the muriatic add and carbonate of soda— which, with their packages, will cost 
a bont 20 ^. 

FTMMBTn. (Vol. iii. p. 680.) ^e Irow and Strrl, p. 467, for a descrip- 
tion of Mr. Hobso2(’s pyrometer for the hot- 
blast. 

Bradburt’s P^meter, which is also 
need for measuring the temperature of hot- 
blaet, ie represent^ iq the following figure. 
Mr. W. A. Bradbubt publiehed in Iron the 
fifilowing deecription : — 

*ThiB pyrometer ooneista of a hollow 
sphere. A, through which are two tubas, B 
and 0 , for oonoucting the hot and cold 
blaete raepectively*. In any oonveoieiit 
poaition ie a oaae, s, for the reception of 
the thermometer. It contains a transpa^ 
rent face, to allow the tempentue to be 
read off without withdrawing the thermo* 
meter from a. The tube, v, has an area ^ 
equal to B and c, and ie Ibr oondnetisg off 
the mixed blssts. 

* The principle of the instmineBt ii hsaad 
on the calorimetrio methocL knowu is the 
" Method of Mixturee.” 

** When unssure communicates motion to a body, the accelerating Ibiea variol di* 
ieoUyaBtLepieanire,and invenalyas the mass. The produot^Om imdikmNl 
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foraa Md the 1 DAM ie termed the TMvktgforct, Let/ denote the accelereting force, 
F the preeeure, aud M the maae, then— 

/vanei ns jj 

/. BH/* .. P 

Hence the above law may be enunciated in the following way : When pressure com- 
municatee motion to a b^y, the moving force varies as the weesure. 

* As the pressure is the same on both the hot and cold blast tubes, B and c, it 
follows that the moving force is the same, consequently the same weight of either hot 
or cold blast will travel from the same point of rest, over the same space in the same 
time. Hence from equal orifices equal weights of either hot or cold blast will be 
delivered. If the cold be n times hot-blast pipe area, and x the weight of one 
part of hot-blast, the total cold-blast delivered will be nx, 

' It is quite immaterial what unit of weight be taken as the standard, as the ratio 
is always constant. 

Let X « the weight of hot blast delivered. 

„ » arm of hot-blaat pipe taken n times. 

„ nx » weight of cold blast delivered. 

„ t'* a> temperature of cold blast. 

„ T H temperature of hot blast. 

„ a temperature of mixed blasts. 

Then by method of mixtures — 

m x-k-mnx^nxi 

A “ - — -im + mfi— nf. 

9 

If the area of the cold-blast pipe be nine times that of the hot, there will be nina 
times the weight of cold air to one of hot delivered. 

T n m + 9m — 9f « lOm — 9^. 

Hence the temperature of the hot blast is found by taking ten times the mean tempe- 
rature less nine times the temperature of the cold blast, i.s. when the above dimen- 
sions are taken. 

' To use the instrument, the cold blast is attached to c. and when the thermometer 
is constant, the temperature is read ofif. The hot blast is now attached to it, and a 
second reading taken, when the temperature is constant. These are all the data 
required to calculate the temperature of the hot blast. The only precaution neces- 
sary is to have the distances equal that are described by the hot and cold blasts 
respMtively. 

* The expansion of the tube b is so small that it can be disregarded, the expansion 
of wrought iron for C. being about 0*000012204.^ 

'This pyrometer complies with its requirements, vis.: (1) Its indications will be 
constant for the same temperature, because the hot and cold blasts are acted on by 
the same force — consequently the ratio is always constant. Also there is no change 
due to gradual chemic^ or physical causes. (2) Its indications at different tempera- 
tures are related to each otW according to a well-known law — ^the law of mixtures. 
(8) Every instrument will be uniform in its indications, because thev are governed by 
the same laws ; also, it is not necessaiy that they be compared with or g^uated by 
each other or a standard.* 

FyrorMter is the invention of Hr. Bobbut Maxit, of Glengamoch Ironworks. 
This pyrometer consists in an arrangement of apperatus wherein the temperatnree 
indieatM on a mercurial thermometer or pyrometer bear a known relation to the 
netnal temperature of the blast itself, so that, the numerical rsladon being ascertained, 
tlie readings of the mercurial thermometer or pyrometer indi^te the actual tempera- 
ture sought to be meaeured. The temptfstuxe of the blast is, of course, too high to 
be i^ireo^ measured either with a thermometer or p^meter, the high teoipemtare 
sitte rendering the indications inaccurate or destroying the instrument when directly 
* MpUed. The uerqaometer must therefore be protected, which is done ae followe 
The apparatus constituting this invention consists of a hollow chamber, preferably 
double onaed, the speoe between the caelngs being filled with asbestos, or other enb* 
Btanee low eonduoting power. Thie chamber is placed at any required disteaee 
ftum that point of the hot-blast main in which it is desired to aeeertain the tempars- 
tuxe, and ia oonoected thereto by a tube of f-inch diameter, udiieh eondneta the hot 
hl|U[>t ipto the chainber. The distance for a U<i 6L of 800^ to 1 000^ Fahr. need not 
exceed 6 feet. The chamber is also provided with an exit throngh whicb the hot 
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blMt McaiMf. The ohembtr may oooteni a Moond emeller chamber er receptacle m 
which the thermometer or pyrometer is placed. In the case of using a Urge pipe for 
oonveying the bhMiti the chamber arran^ment may be dispensed with, in wuch case 
the tbennometer or pyrometer is placed in a hole in the pipe, 
nxonon. a name given by M. Eastnbb to a new instrument, which 

E odttces musical notes by the use of ordinary coal gas. Ordinarily, singing flames 
Te been produced by hydrogen gas, but M. Kastnur bus shown that carbiirettea 
hydrogen may be used, and he has drawn the attention of the Aoadimie dea ScUnctu 
to some curious facts in connection with the phenomena of singing flames. M. 
Eastnkb writes : — 


* In the experiments which I have made, introducing two separate flames, produced by 
combustion of ordinary gas, into a glass tube, I could not obtain any sound ; this was 
proved by numerous trials to be due to the presence of carlion in these flames. . . . 
It was necessary, therefore, to eliminate the carbon in eome way ; and I arrived at 
this result as follows : — 

‘When the flame is merely illuminating (that is, when the air in the tube does not 
vibrate), it presents an elongatofl form, with the upper end pointed. It also shows a 
swelling about the middle, and it is without rigidity, obeying the least current of air, 
which makes it flicker in one direction or another. 

* On the other hand, when the flame is sonorous, that is, when it determines in the 
tube the vibrations necessary for production cf sound, its form is narrowed and thin 
like a plume, and swelling out at the top. While the air of the tube vibrates it is 
highly rigid ; the carbon is in great part eliminated by a mechanical process. 

' The sounding flames produced from ordinary gas are, in fact, surrouifllled by a 
photosphere, which does not exist when the flame is simply luminous. In the latter 
case, tne carbon bums in the flame, and contributes in large proportion to its illumi- 
nating power. 

' But when the flames are sonorous, the photosphere surrounding each of them con- 
tains a detonating mixture of hydrogen and oxygen, which causes vibrations of air in 
the tube. For the sound to be pi^uoed in its full intensity, it is necessary and 
sufficient that the whole of the detonations produced by the molecules of oxygen and 
hydrogen, in a given time, be in accord with the number of vibrations which corre- 
spond to the sound produced by the tube. 

' To put these two quantities in accord, I increased the number of flames, so as to 
increase also the number of detonations of the mixture of oxygen and hydrogen in the 
photospheres, and so cause vibration of the air in the tube. In place of two flames 
of pure hydrogen, I placed four, five, or six ordinary ^as-hurners in the same tube. 
I observeid that the higher a flame ie the more carbon it contained. I therefore first 
diminished the height of the flames, and then increased their number, so as to obtain 
a total surface of diflTerent photospheres, sufficient to produce vibration of air in the 
tube. The quantity of carbon contsined in the whole of the small flames will always 
be much less than the quantity which would correspond to two large flames necessary 
to produce the same sound. In this wav 1 have succeeded in obtaining sounds the 
timbre of which is as distinct as with hydrogen gas. Whenever the flames, or rather 
the photospheres corresponding to the flames, are brought into contact, the sound 
immediately ceases. 

* The carlxm of ordinary gas, when the flames are sonorous, is certainly eliminated 
almost in toto. It forms on the internal surface of the resonant tube, at the height 
of the flames sod below them, a perceptible deposit of carbon, which increases as the 
air of the tnbe continues to vibrate. 1 am able to say, then, that the pyrophone is 
capable of acting as well with the combustible gases contained in ordinary gosi as 
witb pure hydrogen.' 

VTSMOnSTfl* A name proj^sed by Dr. SmBT HuifT for the bitnminoas 
flhalas of the coal-measures of the united States of America. 

vnpracnnr. (Vol. iii. p. 682.} Colourad Sbroiub Ebbit, of 8t. 
Petersburg, finding it to be necessary to know the quickness of burning ot coloured 
fires, instituted some experiments to determine the rate of burning of sund^ oompo* 
•itkms. 

fie prepared the following Tables for the ted, green, and violet eompoeitionSi where 
every formula with a higher number bnrne quicker than a fire with a loirer number. 
The compositione employed were, it will be seen by the heading! given in the ^e«» 
•uqh as are need by the firework manuflseturer. The ooiouiing matter of the dam'* 
IQf y of eonrsa be varied, and in most cases without in any way altering ths xeauitl 
gi^e|l, that is. if the combustible egente are inide to agree witb the nuinner giteoin 
the first odumD of eech table 
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Ottm-cUot^nd Jhru, 





Chlorate of 
Potfuslum 

Nitrate of 
Dannm 

8uJ|riiur 1 

Numlnr 

Per Cent 

Percent. 

Per Cent. 

1 

86 

40 

24 

a 

29 

48 

23 

8 

24 

63 

2.8 

4 

21 

67 

22 

6 

18 

60 

22 

6 

16 

62 

22 

7 

14 

64 

22 

8 

18 

66 

21 

9 

12 

67 

21 

10 

11 

68 

21 

11 

10 

69 

21 

12 

96 

69 6 

21 

18 

0 

70 

21 

14 

8‘6 

70 6 

21 

16 

8 

71 

21 


No. 5i for example, burse quicker than No 6, and slower than No 4, and eo of 
the others 


Red-eoloured Ftrfis. 



Chlorate of 
Potaavium 

Nitrate of 
btrontiam 

Bnlphtxr 

Powdered 

Carbon 

Number 

Per Cent. 

Percent. 

Percent. 

Percent. 

1 

40 

39 

18 

3 

a 

82 

46 

19 

2 

8 

27 

61 

20 

2 

4 

28 

66 

20 

2 

6 

20 

68 

80 6 

1*6 

6 

18 

60 

21 

1 

7 

16 1 

61‘6 

218 

1*2 

8 

16 

63 

21 

1 

9 

18 1 

64 

22 

1 

10 

12 

66 

22 

1 

11 

11 

66 

22 

1 

12 

10 

67 


1 

18 

10 

67*26 


0 76 

14 

0-36 

68 


0-76 

16 

9 

68 86 

- 22 

0 66 


VioM-colomred F\res, 



Chlorate of 
Potaeelam 

Carbonate 
of Idme 

Ualaoblte 

Powdered 

finlphw 

Number 

■* rOent. 

Per Cent. 

Per Cent. 

Per Cent, 

1 

62 

29 

4 

16 

2 


88 

6 

16 

8 


26 

7 

16 

4 


24 

9 

16 

6 


28 

10 

16 

6 


21 

18 

16 

7 


20 

14 

16 

8 


18 

16 

16 

9 


16 

18 

16 

10 


16 

19 

16 

11 


18 

21 

16 

12 


11 

28 

16 

18 


16 

24 

16 

14 


8 

26 

16 

16 

HhHH 

6 

21 

16 


^CkmM 8i|ptombor 1976. 
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^VAHTX. The colour of Smoky Que^io hai been attributed by FlOcuoib to 
ormnic matter. Forstkr confirms this view. He finds that when smoky quarts is 
BuXijpcted to drv distillation it yields a quantity of a brown I'quid which contains 
carbonate of ammonia. It therefore appears that the colour is due to an organic 
body ooutaming nitrogen — Pooq. Ann. cxliii. p 173. 

QVIUUtACBO WOOB {Aspidosperma). About twenty-five species of these 
trees are known in tropical America. The wood is valuable and used for many 
purposes. The Aspidosperma exoehum is called the * paddle-wood/ and is used by 
the natives for building boats. A new extract from the Briizilian Qutbracho wood is 
now being introduced by Dubosc, ofl Havre, as a substitute for catechu, sumach, and 
the like. — Rrimank’s Father Zeitung. 

^VZCBSZXiVBB. The Alta California, in an article assuming the probable 
suspension of several of the productive quicksilver mines unless there is soon an 
improved demand for metal, with consequent increase in value, says : — 

‘The Hew Almadon is producing about 900 flasks per month ; the Bedington 600 ; 
the New Idria 50o ; the 8t. John and the Groat Western each 400 and others less. 
The yield of the New Almaden and New Idria, south of the Bay, is equal to that of 
the others in Salano and Napa counties. The smaller mines north of the Bay are 
much more productive than those to the south of it. The 8t. John's mine is putting 
up a new furnace, and will contend for the second place with the Bedvigton next 
year.’ 

On October 1, 1876. the stock hold by the Bothschilds in London woe supposed 
to be 3,400 flasks. There was no Australian, and only about 300 flasks of Itaban 
quicksilver in the market The supply, therefore, exceeded but little tha usual 
monthly consumption of England for export and home use, which may be put down at 
3,600 dasks. The production, outside of Oilifomia and Mexico, is ascertained to have 
been as follows in 1674 : — 


Spain 

Austria (Idria) 
Italy . 
Germany , 
Borneo 

Total 


30,000 flasks 
8,000 „ 
2.700 „ 

2,100 „ 
2,000 „ 

60,800 


It is estimated that fhe production for the year 1876 was very nearly about tbe 
same amount. The yield of California is valued at 40,000 flasks, and that of Mexico 
at 2,200. This would raise the world's supply for 1876 to 93,000 flasks. The world’s 
eonsnmption varies between 80,000 and 90,000 flasks, according to the price of the 
metal. The greater the decline the more consumption is stimulated thereby, since 
less valuable ores can then be treated to advantage. 

Tbe Galifomia exports from January 1 to October 1, in the years named, were 
Mtomed as follows : — 


By Sea 

New York .... 

1674 

VUskB 

1878 

FbMks 

76 

287 

Mexico 

2,826 

8,220 

Chili 

404 

866 

New Zealand. • • • 

41 

188 

Bolivia . . . . • 

184 


China • • • ■ • 

800 

11,208 

Japan . . • • • 

161 

709 

Central America . » 

9 

17 

British Columbia • t • 

9 

17 

England , . . • 

— 

100 

Other South Amerioaa placM . 

800 

8,034 

Australia . • • • 

— 

416 

Oalflutta . • • * 


10 

Aiiado E^iasia • • • 

— 

8 

Ofwland . • • • 

061 

M60 

91.I88 
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Tbeloww Tala* of thif motal in tho 1876 aopeeiiillyitiiBnlatod osport to Chino, 
and it ia dxffloult to detarmine what China mpy absorb at a oertain price. 

It ie stated that the London merchants have retained the control of 33,000 flasks 
out of;the 93,000 produced in 1876 : the rapidly inereaeing yield of California tends 
to remove the control of the market from London to San Francisco, where it is Rg.tia 
regulated by the demand frx)m China. Although the telegraph links all these pUees, 
the real friture of values turns upon Califivoia production, and not upon speculative 
eombinaUon at either centre, for the growing magnitude of the Californian yield has 
become overshadowing. 

The production of California in 1876 was unprecedented, amounting to 70 000 
flasks. 

Receipts 63,928 flaeki 

Exports 42,010 

It is thought that about 6,000 flaske were shipped direct from the mines to Nevsdii^ 
which must be added to the above receipts. 

China took .... 24,695 flasks 

Mexico 7,011 „ 

New York 6,213 „ 

Another return gives California as producing 60 000 bottles, and Almaden 25,000 
bottles, and the total cotiBumption of the world as about 100,000 bottles 

The importations into this country in 1876 and 1870 are returned as follows: — 



QVnriZABnr* ‘This eubstance was first obtained by G-rixm according to 
Babysr* 8 method, the action of anhydrous phthalic Mid upon phenole, f.s. ia this 
case by heating a mixture of hydroquinon pbtbalio acid and sulphuric acid. If tlie 
melt is heated to 180° to 140° C., two bc^es are formed— a phthalein eimilar to 
phen'^l phthalein, and a red colouring matter isomeric with alisarin. In order to 
isolate the latter body, quinizarin, in a state of purity, the crude melt ie extracted, 
first with boiling water and then with absolute alxihol, the latter extract being then 
precipitated with water. Or the melt is treated with benzin (boiling point 110° to 
120°), which dissolves quinisann readily, and phthalin but sparingly. It is purified 
by crystallisation from alcohol and ether. Not merely hydroquinon, but all sub- 
etancee which produce it, when heated with sulphuric acid, yield quinizarin. Such, 
s.g., ie the behaviour of quinic acid, which, if heated with sulphuric acid, yields 
a^isulphohydroquinonic acid: further, the thiochromate of potassa, from which 
ChuRBa’s jS-bieulphohydroquinonic acid is first formed. The eulpho-acids themselves 
yield this compound ; but it is remarkable that the two ieomerio bieulpho-aeids pro- 
duce exactly the same quinizarin. we aseume that, on the displacement of the two 
tralpho-gronpe, phthalein takes their place, we mnet conelnde from this behaviour 
that one oi\ the two ieomeric bisulpho-adds, on heating with snlphnric acid, ie con- 
verted into the other 

* Quiniiarin ervetaHisee fr»m ether in orange leaflets, but from benzin and alcohol 
in deep red needles. From the alcoholic solution it is precipitated in yellowieh-reJ 
flocks on dilation with water, which, if heated to 100° to 110°, beoeme dark red 
and cryetalline. 

*The lolutioDe ia either and sulphuric acid are dietinguished by a ^oouieh-yellow 
fiooreeQeiioe. The etheral solution appears brownish-yellow by transmitted light ; the 
■ttlphutfe solutlQa has a peculiar violet colour, which, on dil^on, paem into a pale 
onion rod. A tiailar fluoresoenee ie displayed by the mumtetin ontained by Stbr- 
unxMm ^m mbia muiyith, a compound wmeb possibly stands in the sanio ndatioa to 
qnimiarin as does purpux^n to alimn. 

* When heated, qninisarin eublimes in paler or darker needles and plumooe crystals 

rssemlding whilst a carim is left behind. The melting-point in tho 









718 fiJLQS, 

•abUnad bod* ia from 194^ to 196^ ; tbot of tho eiyttoia oUained from olooli^ 
192<* to 

*Witfr olkolii,-qiiiiiiaria jielda bine iolutioDa» with o frint riolet out; tho 
ftmmonioool acdution dinUja a Tiolet colour. It ia most diatinotij produced by the 
alkaline oarbonatea. with baryta thia dye forma a beautiful Tiolet-blue oomponad ; 
with alumina it yielda a red lake, with a violet caat ; the magnesium compound is a 
deep violet blu». The fainUy alkaline solution is precipitiited of a brownxsh-red by 
lemo chloride, and of a dull red by sugar of lead. 

* If the alcoholic solution is allowed to stand for some time, it becomes mdnallv 
decolorised, whilst a deep blue violet -'sometimea black— precipitate is deposited, 
which rediasolves in alcohol with a blue colour. At a boiling heat the alkaline eoln* 
tion is decolorised by sine powder, but resumes its original colour on exposure to 
the air. 

^ * Quinisarin ia not merely isomericlwith alizarin, but is most closely related to it, 
since it is a derivation of anthracen differing merely in the position of the hydroxyls 
(1*4), which, in alizarin, are 12. If the ^^ura of quinizann are passed over heated 
sine powder, we obtain white shining leaflets, melting at 210** to 212°, and forming, 
with picric add, a red compound. If treated with glacial acetic acid and chromic 
acid, uiey form a compound capable of sublimation, melting at 273°, and having the 
exact appearance of anthraqninon. 

'Qninizarin behaves with aluminous and iron mordants differently from alizarin. 
It dyes with difficulty, and produces quite different shades. With aluminous mor- 
dants It gives a faint bluish rose, and with iron a slate grey. But with a mixture of 
both — the mordant for alizarin brown — it gives tolerably vivid violet ih^e^ which 
do not, however, equal the beauty of alizarin violet. ^ 

* The ethereal and sulphuric solutions of quinizarin display several characteristic 
absorption bands.’ — Jnthraem, hj O. AuxaBacH, translated by W. Caooxns, F.R.8. 
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(vol. iii. p. 691), Imtobts or. Of linen and cotton rags ws imported in 

1876- r 


From Bussia .... 

Tons 
. 2,878 

Vshie 

£86,146 

„ Oemany 

. 4,808 

88,864 

„ Belgium 

894 

20.172 

„ France .... 

. 3,160 

40,674 

„ ^in .... 

„ Turkey .... 

406 

6,679 

947 

11,028 

n ^sr^ Countries 

076 
. 1,871 

11,040 

17,079 

Total 

. 18,027 

£?29,»72 


Of palp of rags, with some pulp of wood, we imported in 1876— 


From Sweden • 

„ Norway 
„ Germany 
„ Belgium 
„ British India 
„ other Gonotries . 

Total 

Of woollen rags (applicable to other 
Imported in 1979 

Srom Dsamark 
„ Gsnnany 
„ HbUndd . . 

w fislgiim 
» Vnnos • 

Z i^Nw^mtriss 


Tons Volos 

. 8,886 £89,178 

. 9.198 90,904 

. . 1,216 18 897 

882 8,418 

728 7.677 

' . 1,268 12,478 

. 16,627 £167.447 

uses then manure, ton np or not), #o 

Tons Veins 

. . 1 627 ^63F0 

. 8,678 188,668 

. 8,117 76.847 

. 6.400 l%ijm 

. 7.896 188,199 

. . 467 $,M 

• . M62 £97^)4 


Total 


. 28^847 £660,960 




BJLXV-WAXB or BBAMIF^WJklMi. A ■peeiM of MLithenwaro manufactured 
m Japan in the government of the Kiyoto families ot Ooreans This warh reaemblaa 
the tiatsuma ware, but is paler in colour {aee baTsuiCA) The name is said to signify 
* eigoyment,’ but it appears that the name * Eraku ' is the name of a potter of Kiyoto, 
who first made it It is a decorative porcelain with red ground, covered with orna- 
ments in ^Id, generally mythological subjects The clay for the Baku ware was 
originally brought from Shiraka, but it is now produced in several localities. 

lUkTX. See Abbub 

We-OOMVBBB raus. See PTBornoHinr 

manuUBATIOir. (Vol n p 486, FBnaura ) In the article referred to 
the usual fnsonflc mixtures are given, and also some deacnption of the ether and 
ammonia machines, which were first introduced at the International Exhibit ion of 1868, 
those txS Snmn, of HAUBieoir, of Rszvr, and of M OaBsi and Co., hanug especial 
notice A little fhrther attention is now required to this important question. The 
three principal forms of apparatus whuh are effective aa refrigerators are the 
following - 

I By the evaporadon of ether by mechanical gpwer 8 By the svapontton of 
ammonia by heat, its condensation and re-eTaporation by doing worL 8 By the 
■ksehanieal ocmpraasion and expansion of air or other eaa^ 

The ether refingantor, as already described (vol. ii \ oonsists of an engine to give 
the motive power to the vanons operations To this engine is attadied, on the same 
piston-iod, a vacuum pump This pump has its suction pipe on the one side attached 
to the refr i gerating vessel, which is partially filled with atbsr “By reason d the 
redaetkm of eressnre in this vessel, iraooed the pnmp, a partion of the ether 
evaporates. In evaporating, the ethtf renders latent a Im^ quantity of heat, thus 
extractieg It from the remsinder of the ether, and producing a veiy hro tempeimtiiM 
This rsdtetion of tsaneietaN is made um of by eimlabng throagn the etbrr, w thin 
wtoiS, a fleid sueh aa mrtoe, or chloride ef esleinm, iriiieb will net freeae at 83^ Pahr 
tils olmdatiagfaediam ie then made nee of to freeae water in Uooks for commercial 
p nrp oeei. The drmilatioa is effected by sMaas of a suitafale pomp. On the other 
aide ef ^8mam vaomim pump, the volaulieed ether is debvend at slight prasraro 
talo 8fipe» dtoakthig throogh a lagge tank, through which a eonstaat stream of eotd 
WMSPis fronstog. Thw eamaes the reoQndensatiea of the edier into a Imid, wlnah 
then Idle bygnirita^ back again into the main refrigerating veeseL Thne a een- 
unit elMidanm* ulnont kira sir the ether, is kept np , the heat abstracted in the 
vefidgirattor by empcnUkm on the snetion side being esmedtoff by toe eouat awt 
flgrearagfaoll^wularon the dettveiymde. This ie the moit uraal form pirhips gf 
wMawating mUimo, andtoay be lepiraeuted by the mmi h i B e B made hj Bofomm 
mfrBbuncaVy of fijveiiiooL 

ISmoeaiuradeoilkoncf the ssaebiiwiy very laigely dspeads ipog tot petitotomtf 
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‘ &• a'jdtexinuin tuetion draw, and a porfaet and Md dalivoj 

0T9P of tha.t;qjPPit^araptm| is truly effected in every strole. To afl^ thia laquiraa' 
inteliigeat 4lHp^inb«iii conatruction in the vapour-pump, valvea, and valve-boxea. 
aSThe aoniiiMMwt^eeii tha evaMiating ahd compreaaing sides of the machine ia moat 
atartlingr'^^^’V^ fireenng dibber ia^ lagged to prevent the abaorption of heat, and 
upon the copper suction-p^ a white-f^ost rime will be formed by the exceedingly low 
temperature of the vaporised ether within. On the delivery side, however, the tem- 
perature is so high as to burn the hand when placed on the delivery box or pipe. And 
these Btan^Dg differsnoee of temperature are m the same material and within a foot of 
oaA other. 

The arrangements of the freeaing tank iteelf are almost as important for enooeee ee 
those of the engine or pumps. 

The advantages of these machines are the deer blocks of ice produced by them. 
This effect is not easily attained, as, Jfur the most part, artificial blocks are full of 
air-bubblee ; but it has in this case been ensured by a constant agitation of the 
water whilst freeaing, so that all the air-bubbles are driven out. This agitation ia 
effected bv a lodcing beater or arm in each cell, which ia operated upon by a band- 
driving wheel from the engine to a crank arm. 

The partitions of the cells are made hollow, vertically, 1 or 2 in. thick, in which 
the non-freezing medium, viz., the brine, ia made to circulate by suitable connections. 
The form of these intermediate divisions is so important that it has been made the 
subject of a patent. In the first i^tance they do not form a paridlel space between 
each other ; but the frozen block is smaller at the bottom than at the top, so that it 
draws with ease when released. In the second place it is important that the cells 
should cntirelv surround the foeezing blocks, not only for the most effeotu^ fl^ezine, 
but principally that the release may be effected all round the block. The dat cells 
have each thus T-heads, like firebars, so as wholly to enclose the space between them. 
The release is effected by replacing the circulation of the freezing brine by a reverse 
circulation of brine at ordinary temperature. A little surface melting is thus effected 
over the whole block, and it readily draws away foom the cells. 

In the ammonia refrigerator marine an ammoniscal solution is placed in a boiler 
and heated in the ordinary way by a fire underneath. The ammonia is given off 
rap dly as a ga8,.and is collected at pressure in a coil of pipes placed in a tank, 
tlirough whicm a constant stream of cold water runs. The ammonia in here liquefied, 
1>oth by its own pressure and by the extraction of all heat above that of ordinary cold 
water. From thi^ liquefied condition the ammonia will, on removal of the pressure, 
be changed at once into vapour. The liquefied ammonia ia then used in a species of 
water engine or meter, which serves to pump back the re-united ammoniaeal solu- 
tion into the boiler again. The liquefied ammonia, after having here done its work, 
immediately on release flies into vapour ; aqd this is conducted in circuitous tubes 
through the freezing tanks or cham^r. By reason of this suddeu re-evaporation at 
the aramonia, upon release from high pressure, a large quantity of heat is tuen up and 
rendered latent, and this is of course abstracted from surrounding objects or from tha 
liquid to be frozen. After having served its purpose, the ammonia Is led into a chamber, 
tneeting and mixing wiUi the water from the boiler, out of which the ammonia haa 
been evaporated. It ia thus re-absoxbed and then pnmped— by the watai^^ngina 
before vnerrad to — back again into tha boiler. Tha ammonia thna'^ia oontiat^y 
circulating znnnd^flrst evaporated by haab giving the motive power to the amuiga- 
ment ; next becoming liquefied by virtue of its own praarare of from eight to tan 
atmospharaa, and being cooled by a stream of running water, it than ra-avnporatas in 
doing work, tbweby causing a large abaorption of beat and affooting the ftniiainj| 
opsmtion. It is laatly remixed with the unadrated water from the boUai^ S 
pwnped back at a eiriotion once again into the boiler. , 

l^ly, there ia the aimple, but still complex, mechanical maoiiine, itt crhich fife 
atmoap&M nay ba.naad as the medinm by which freezing is effbotad. Thia dcMUda 
on the following natnml laws. Whan air ia eompresaed, considerable Isneasa of leM- 
pemture ia nuufo sensible, exactly proportioned to the woik dona ip ftrminriiwfing if 
now this beat be axtraetod whan aanaibla, upon reduction^ oreapora apa IwnnSoo to 
normal volume, tha air will be minus tha mDoont of heal which ha^hoep iMsaotad 
from it by tha water. In this way, tor compression, cooling, ana anbifogtet pe- 
axpsnrion, intense cold Sa produced by tin uae of oomtaaaaad air, thh 
axhanat air baiw intense. This produetion of cold ia elfoctod by a 
eemncaaaing andaiaia allowiitg to expand a given quantity of air. WIm mAtm m 
cQtopseaaed, and fla hait ia aanaibly raiaad, ita poattlon in the muiSna la datMthad 
by a aeoond noP-Ciikdiiatlng piston, which eanaaa the air whan hoi and ttndii^.da|lfo 


pS^on, to be ^wraoii the one aide, and whan cold and axpandad to be 
&a ether. Upen^ that aida at which the heated air is always oellae^ il • pSwW 
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roTur, whidi a ennitont MrMm of told watal Ui raitthig&Di^ to abttnet 

the hoot M It tftjrendered senoiblo. On thn other ride to iMiM nod eold 

air ie driTen, ia nooUier hollow chamber with lar^ aurfhce, thrpm^uwRK it driven 
iho brine or other oolution wboee tempeBatnre it le required Ho Mnoe »» freeelnff ' 
point The oompreesed air-^wa^i toe aaine ^eantity, |gt ririi^ in denA^ae the 
euld inereaaea-HW acta aa a earner of the heat from thriiquld to be froaen to the 
conatant stream of cold water which carries it awaj. * Eibkw mm^ine ia, perhaps, 
the beat example of this class of refrigerator. ' 

We proceed to explain the Tarioua IdDds of refrigerators which havW been ip- 
troduced. 

Mbidinobr’s Simple loe Prodeteer, — ^Dr. H. MniDnronn has constructed a vexj simple 
machine founded on the observation that a concentrated solution of salt melta im, 
producing a very low temperature. This machine eonaiaU t>f three parte; a cylin- 
drical vessel (called the cooler), with double aides, quite cmen at the top ; a conical tin 
vessel (called tke/reeaer), about half the diameter m the former, reaching down nearly 
to its bottom, and furnished above with a firmly connected coverii^plate, whi^ rests 
on the top of the <7linder and fits it tighUv like a lid ; and, lastly, an annular 
atrainer-like vessel (called the aalUholdor), which is let down into the spaoe between 
the cylinder and the freeser at about half the depth of the former. 

The cylinder is charged about half frill of pounded ice, upon which is poured a 
concentrated solution of salt ; the strainer filled With salt is then let down, and lastly, 
the freeser containing the materials for the ice cream is forced in, and is in oompleta 
contact with the freering mixture over its whole surface. The ice melts in the sola-t 
tioD of salt, which, as it becomes diluted, dissolves more salt from the strainer, and 
thus remains newly saturated and capable of undiminished action upon the ice. The 
reduction of temperature throughout the apparatus is equable, and a meo^nioal 
movement of the vessel is not required. 

M. Mbidimukr has drawn up a table from his own experiments, showing the pro- 
duction of cold by different mixtures, of which the following is an 






Loss of Heat 

QnanUtles to be need for 1 


relief 

Bp.Hoat 

Sp Or. 
of Uolu- 

Unite for 











rature 

tlon 

tlon 

IKUo. 

1 Litre 








of Mix. 

of Mix. 

Bolto 

Water 

Cost* 





tnre 

ture 


1 salt, 8 loe. 

8 sttlphute of soda 

9^ 

088 

1*18 

198 

100 

Klloe. 

1*6 

Kllog. 

1*6 

0*84 to 0*13 

oryatali, 1 oonoen- 
tiatad hvdroohlorio 









add .... 

8 nitrate of ammonia, 

1 sal ammoolao, 8 

87 ' 

0-74 

1*81 

M 

74 

1*7 

1*8 

1*0 to 0*6 









water 

8 Ml ammoniac, 8 wit* 

80 

0 70 

1*90 

49 

61 

8*0 

8*0 

7*8 to 8*8 

petre, 10 water 

8 eal ammoniac, 8 ealt- 


0-76 

1*15 

40 

46 

9*1 

4*9 

9*8 to 8*9 

petre, 4 staphate of 
■Oda, 9 water . 

88 

0-72 

1-99 

60 

81 

9*6 

9-6 

1*8 to 1*6 


Rtooot in 1869 published a table of roralU obtoined by tha eolation of single 
■rite, ahowigg the fell of temperature obtoined. Two salu named by torn Uve^ 
been WTioiMily mentioned ; we therefore give them here ■— ^ 

^ i» 100 PBU of ,.ter pndocM » 

^ p.*. of ,«« low, 

OsMTOrioM 0 / Cold ^ J^vopora^ioM.— The principle of the ether maobioe wae 
to bj j. .ft®™, of London, d «rlf .. 1814 ; nnd inUM jJSI 

EtwsoM, of telong, in Victmia, patented another ether ice-machine. He stotee in his 
•peoiflcatioo that be can, by means of hit machine^ produce a tempeiatnre of -g#*, bn^ 
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fWmiaaMoaoiDiealpoiiitof Tieirheprrferi->2^to -6^ Th«i>roceiiof frewingiithea 
tfoww, but th# Axpmitim of power ie much laia and the ioe ia tnuapi^nt. In 1^9 
LawBWCH aattMiwed wwka at liverpool Ibr the prodnotion of artifloial ice and sold 
it at one bdU^nj per pound. In 1860 lienovuLT deecribed an ether machine by 
T. OasBlfti ft Tans {Buu, in which the ether acted directlj nm the 

water to be frosen. Oabbi abandon^ this machine for his ammonia one. In 1862 
Dr. Smd patented an improTsd ioe-machine, which was mainly the same as Hen- 
nisdir’s. 

The following remarks on the ammonia, ether, and sulphurous acid machines were 
immunicated to Iron. It is such a correct examination of the whole question that 
we are glad to be allowed to transfer it to onr pages : — 

* Comparing the advantages of ammonia as a refHgorating agent over ether and 
sulphurous a^, the value of each depends upon the following three things : — 1. On 
the temperature at which each becomes vaporised, for on that depends the quantity 
of ftiel used in producing the cold, fnd also the lowness of temperature obtainable. 
This last is very important in making dear block ice, as a low temperature increases 
the rapidity of the operation, and therefore causes greater economy. 2. On the 
tension of their vapours at equal temperature, for on that depends the amount of 
expansion of which each is capable, and therefore the amount of cooling effect which 
an equal quantity of each is capable of producing. 8. On the latent heat of each, 
for on that depends the quantity of heat each is capable of absorbing by passing from 
the liquid to the gaseous state. The boiling point of each at the pressure of atmo- 
sphere is as follows : — 

Ether Sulphurous Acid Ammonia 

X 96° Fahr. x 16° Fahr. - 28° Fahr. 

Ammonia has therefore the advantage of 123° of temperature over ether and 48° ovei 
sulphurous acid. The tension of the vapours of each at 100° Fahr. is — 

Ether Bulphurouii Acid Ammonia 

86 in. 120 in. 460 in. 

Bere again ammonia is very far superior to either of the others. The latent heat of 
each in heat units is as follows : — 

Ether Bulphnroua Add Ammonia 

162-8® (About) 172° 900° 

Ammonia has therefore an advantage of more than 700 heat units over each of the 
others — that is, 1 lb. of ammonia vaporised will produce nearly six times the cooling 
effect of either the same quantity of ether or sulphurous acid. Besides what is stated 
above, ammonia has the following other advantages : its low boiling point allows it 
to vaporise at 28° Fahr. below sero without the necessity of removing the pressure 
of the atmosphere by large air-pumps, whidi are both likely to set out of oraer and 
are also veiv costly to work, on account of the power required to drive them. The 
recondensation of the ether and sulphurous acid gas has also to be performed by com- 
pressing the gas by air-pumps, whereas in the ammonia machine the gas is contused 
by its own pressure — that is, by adding heat in one part of the machine and taking it 
out in the condenser. The sulphurous acid has the Mvant^e over the ether maomne 
by being able to obtain lower temperatures on account of its lower bdling point ; but 
the ether machine has a great advantage over the sulphurous acid machine, inasmuch 
as the tension of its vapour at equal temperatures requires much less power to con- 
dense it again than the aulphuroua acid. In the ammonia machine, as the gas is 
condensed by its own pressure and no steam rawer is used, it makes no difR»enee. A 
tmj great sdvantage the ammonia has over the others is that the temperature of the 
eondensing water aoee not affect the economy of working, ae with very hot water it 
is only necessary to work it at slightly liigher pressure. Hot water for oondensiiig so 
incieases the tension of the ether or sulphurous acid vapours that a great aneunt 
more power is required to condense them. The quantity of water usd fay the am- 
monia machine is very much less than the sulphurous acid machine, latter re- 
quiring nearly four times as much. This is caused W the necessity of urfng oo6l 
water to condense the sulphurous acid gas, whereas with ammonia the water nrad not 
be run olFtill heated to 120® Fahr., or even mere, without increaeing the expenla ti 
working or decreaeing the cooling power of the machine, whidi would be the eaee 
with the sulphurous aeid. The ammonia machines are constmeted entiraly 
of which the ammonia acts os a preservative! The ammonia doee not oeconq^ 
trhen exposed to air, nor chemically combine «ith it in any iray. In stattSqg'i ma- 
dhine the air is got rid of by getting up a slight pressure after Uie ammonia lib prit iii| 
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%hidi drirefl all th« air out In atartiag aitliar an other or anlphuoua acid nuehine 
it is naoesasi^ to first obtain a tacuam in then, whioh is often ueiy troubUsome. If 
air eomee in eontaot with the ether it deeomposee, and the whole charge has to be 
thipwn away. With the snl^urooa add the effeot is even wonok ae the sulphnious 
acid is tamed into a liquid which riolently attacks metals, and the maohioe would 
most likely be dMtroyed. Ae both these maehines work with a Taeuun, it is im- 
possible to keep all air out. The pressure at which the ammonia machine is worked 
varies according to the temperature of the eondensing water. With water at, say, 
60° Fahr., it is about 106 lb. ; at 86° about 140 to 160 lb. Ammonia maehinss are 
very simple to work, and as there are no moving ^arts except one small pump, which 
for an 6-ton machine is only 2 in. diameter and 6 in. stroke, and ae thw are always 
supplied in duplicate with each machine, there is no chance of a breakdown or stop- 
paM, and no repairs are required. Ammonia is very cheap (Abont 8^ per lb.X 
and ae it is mixed with water, can be easily carried about, and the same charge may 
be used for any length of tima As there are no moving parts in the machine, the 
waste of ammonia is about nU. Both ether and sulphurous acid are exMnsive, diffi- 
cult to obtain and to carry about (the latter especially, as the price is 2s. 6d. pw 
lb \ and at 90° temperature it has 60 lb. pressure, so that in hot countries it is 
very dangerous, and ^ to be packed in strong copper vessels, whersas ammonia 
mixed with water is only put in glass bottles or thin sneetwiron drums. The cost of 
working the ammonia machine is taken friim aotual working, and not ftom theoretical 
calculation. The total cost is 632. 12s. for working four 20-ton Ranen's ice machines. 
The quantity of coal used is calculated by taking the quantity which four 20-ton 
machines would use if working independently, with high-pressure engines blowing 
their eteam into the air ; but if four machines were workea together by one or two 
condensing engines, a quarter of this coal might be saved. The coal is taken at 20s. 
per ton, but ought to be bought by contract for loss than this. This quantity of coal 
includes power to pump water for condensing from the well. The waste of chemicals 
and oil waste and sundries are taken at extreme nitos. The water might ooft less 
than Is. per 1,000 gallons.' 

M. A. Thrqoiek has put forth the following theory of fireering machines, which 
woU deserves seriuus attention : — 

Freezing machines are considered as heat engines reversed ; their cycle of maximum 
efteet, however, differs from that of Cabkot in being comprised in three lines. M. 
Lindb, of Munich, traces the cycle by means (1) of an isothermal line (A B), the heat 
being removed and the gas compressed at the higher temperatnre T' ; (2) a mixed 
line (B 0) intermediate between an adiabatic and isothermal curve, the goe expanding 
in passing from T' to a lower temperature T*, cooling a body in contact with it and 
always possessing the same temperature as tiie body ; (8) an adiabatic curve which 
closes the cycle, acooxding to which the gas is compressed, whilst the temperature 
becomes the initial temperature T*. The e<^uation of the mixed curve and the maxi- 
mum effect of an air-freezing machine are ^ven aceording to M. Limdb. H. Alunuv- 
oAUD has also obtained the same maximum effect ; and the author shows that an in- 
finite number of machines produce the same maximum effect, without reference 
to the fiuid employed. —Compfrs Eendw de FAjkuihnie des Saienoes, vol. Ixxxiv. 

p. 602. 

A refrimrating machine devised by M. P. Oifxabd is said to be capable of pro 
ducing cold air at temperatures ranging from freezing point down to —80° Fshr., 
without the aid of chemical refrigeratives. Expansion of the air may be regulated, 
so that the temperature of the issuing air may range between 60° Fidir. aid — 22° 
Fahr. The machine consists chiefly of two cylinders placed vertically the one over 
the other, the lower being for oompreuion, the upper for expanoion. Both ate 
vided with double-acting pistons, one rod passing through and wmrkiiig both, ^c 
covers of each cylinder are provided with ^mission and escape valves, and Uie com- 
pression cylinder is fitted at the top and bottom with pipes having rose ends, through 
which, by^a small pump, jets of water are injected to cool the air under oompresoioa. 
From this cylinder the compressed air and its cooling water pass into a reservoir, 
from whl^ the water is foroM on to a cooling apparatus, whilst the comp^cd and 
Cooled air is passed into the expansion oylindw and thence used. ^ The cylinders are 
supported upon a bed plate, also carrying a pair of side frames providsd with plumuicr 
blorin at the tops, forming bearings for toe crank sliafb from which the pietone receive 
their reciprocatittg motion. The crank shaft likewise carries small bevel pinione 
through vtoich the valvee of the expansiem cylinder are worked at proper intamla* 
and gearing by which the pump, providing water for the oompreaeion cylinder, is 
worked. 

The periphery of the pistons is provided with two panllel-sided gidoree, the bottom 
of which is ef a V form. Into the inner portion of the parallel pert of thcoe grooves 

8a2 
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■M tproBM india-rubber ringe of nctaagular aection, outeide which are fitted leather 
ring! of nmilor eeetion. Small holea are made in either face of theee pietona, com- 
mnmeatiiw with the V-form cavity inaide the india-rubber, into which the air entera 
at a vaiiaue preaauie correapondinff to the intenaity of compreaaion ; the friction on 
the aide of the leather ring Ming uiat due to the preaauie at any part of the atroke, 
and the area of the internal diameter of the india-rubber ring ; the co-efficient of 
friction between the leather ring and the cylinder having been aacertained to be equal 
to 0*10. The eacape and admiaaion valvee have hard india-rubber frcea ; an annular 
groove ia formed in one aide of theae india-rubber ringa, into which the air under 
oompreaaion entera and dilatea them. 

The piling ring in the piaton-rod atuffing-box ia alao of india-rubber, with an 
annular rins in the free towarda the piaton, the air entering which expanda it in- 
ternally and externally, causing it to fit the atuffing-box and the piaton-rod in the 
manner of a common hydraulic preaa leather cup . — Atmalet du Gime Civile vd. xiii. 
p. 778. 

M. Tbllihr, of Paris, has uaed metl^Hc ether in place of etbylic ether for the 
production of cold in his machine, which is constructed like SaBB’a. Methylic ether 
IS formed by the action of sulphuric acid upon wood spirit. It is gaseous at ordinary 
temperatures and pressure, and can be condensed to a liquid onl^ by great pressure or 
extreme cold. The liquid at the pressure of our atmosphere boils at —21°. 

Other substances of low boiling points may be employed for producing a decrease 
of temperature, but no advance can be predicted theoretically from their action. 

Vak dkr Wbtdb, of New York, makes use of chymogen, a constituent of natural 

S Btroleum, evaporating between 0° and 16° C., which costs in the United States l^<f. 

ngliah per gallon {DevtKha Induatnea^ 1869, p. 380). LiixABD and Hu^on, of Paris, 
are reported to use sulphide of carbon. 

The Qlaciarium , — One of the most striking examples of the successful application 
of the methods for freezing water (already described) is to be found in the construc- 
tion of real ice rinks in Chelsea, and on board the floating bath on the Thames. The 
following statement of the scientific principles involved in the production of these ice 
floors is chiefly copied from an excellent article by the constructor, Mr. Oamokh, 
which appeared some time since in The JUngiihcer — the scientific articles in which 
journal are always of the highest class — and we have not met with any description 
elsewhere of so ^oroughly satisfactory a character : — 

* Upon a small scale and in whnt may he termed ** bulk,” the artificial production 
of ice does not present to the chemist or manufacturer any verj great difficulty. But 
the question assumes a different aspect when the result of artificial congelation is to 
take the form of an extended surface, in which thickness is enormously dispropor- 
tionate to the other dimensiona. The maintenance moreover, of this frozen floor, 
which has also to sustain a considerable amount of pressure at a constant tempera- 
ture, or, at least, at a temperature suffidentlv low to prevent the surface becoming 
unfit for skating purposes, is not the least arduous part of the operation.' 

The author of ^e article then proceeds to remark that — 

' Any substance in passing from one state to another, from the solid to the liquid, 
from ue liquid to the gaseous, or inversely, absorbs or sets free, renders latent or 
sensilile, a certain portion of caloric, or number of units of heat A very simple 
method might, in aceordanee with this law, be devised for changing the state of enj 
substance. All that is necessary would be to take two substances, and change their 
state inversely, so that the heat set free by one should be absorbed by the other. 
There ore, nevertheless, some substances which have hitherto resisted all attempts to 
make them change their state. But nothi^ is simpler than this method theoretiMlly, 
and the practU difficulties attending its execution, as will be seen, have been 
siiecessfrlly overcome. Let us suppose that we have a given weight of any liquid at 
a given lemperature T, and while at this temperature it changes its state to that of a 
gas. In its transition it absorbs, or renders latent, a certain number of units of heat 
N, which mav be called the latent heat of volatilisation. The temperature remainB 
constant during the ohanf^ of .state, and the elastic tension P also, but the vidume 
does not. If different liquids be taken, and be caused to pass into the gaseous coi^-* 
tion at the same temperature T, different values will be found for N, P, and V, and 
the diffimnee in many instances will be very considerable. In order to pkac the 
question in a definite form, let a quantity of any volatile liquid be placed in a taaer- 
voir A, and let the vapour which forms be pumped at a temperature T and preamra 
P into another reservoir B, wfaers it assumes a tempmture T* and a pressme or 
tension P^ ; the liquid paeses into the ^eons etate in A, and then returna to ita 
liquid etate in B. < now, communication be established between B, and A, tha 
liquid will then flow back again into A, and reauma ita original temperatura and 
pceamie, and the cinulatton will be complete. It is necessary to this result that 
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T* > T. and alao P* ^ P. Thia vepreMBta the eonditiona to which the freealng agent 
18 eulgeoted in the glnciarinin to which we ahall diaw attention. 

* From theae data may be deduced two equationa, from one of which ean be oalcn- 
latod the work in foot-ponnda done by the pnmp in elfeoting the compreaaion of 
the vapour from the temperature T to T' ; from the other the number of unita 
abeorbed in the change of atate in the reservoir or refrigeiator A*. Put F* work 

done by pump ; ^ «oo^fficiont of expansion of gaaes ; 8->8peoifle heat of the liquid ; 

d the density of the vapour at 82**, tidcinff air as the standard ; L the latent heat of 
the liquid at temperature T ; and W and W the weight of a cubic fbot of air and 
the atmospheric pressure per square foot respectively, and the rest of the notation as 
above. Making the calculation for 1 lb. of the liquid, and assuming the laws of 

W‘ (a + K 

Mahiottb and Gat>Lussac to hold good, we have F« — ^ , in which equa- 

pi 

lion K is the Napierian logarithm of the quotient of the two pressures The 


value of > - W«0‘08; and W*ai2118. If N equal, as before, the number 

a 460 ^ 

of uuits of heat absorbed in the refrigerator A, the equation is N«L-S (T' — T). 
In order to establish the relationship between the work done and the heat absorbed, 
these two equations must be combing. If a quantity of heah or number of unite N, 
can be utilised at tempemture T and T', a certain portion of them may be converted 

T* T 

into work, represented by the fraction N = . In the arrangement of the refrigera- 

fl + T 

tor and condenser N ■■ L at temperature T in the latter. Putting M for the mechanical 


equlvaleut of heat, and F' as before, we obtain F'-I 


T«-T 

'Tpr 


X £. The total 


tiumW of units of heat abeorbed in the refrigerator A » N L - S (T' - T), from which 
F« ~ "~T) equals the work done in subtracting a quantity of heat at 

a temMraturo T, and raising it to T'. Equating this formula with that obtained fur 
work done, we have 

W'(fl + T)K _ IL-S(T'-T)]M(T«-T) 

Wd xa * fl + T 


from which may be deduced the general formula given by M. Piorvr, 


L-S(T'-T)- 


W»(a + T)*K 
WdxLMxa(T'-T)’ 


* The three essential characteristics of a glaciarium, independently of the mechanical 
power, are the fluid froseu, the freesinc medium, and the freesix^ agent. *^0 exis- 
tence of the second of these is rendered necessa^ by the impracticability of bringing 
the freesing agent into direct contact with the fluid to be frosen. The flrst of these 
in the Chelsea glaciarium is water, the second a solution of glycerine, and the third 
sulphurous acid. This last has generally been regarded as a^as, although condensible 
into a liquid under the pressure of one atmosphere at a temperature of sero 0. It 
may be readily prepared on a small scale by heating oil of vitriol with copper 
clippings, when the following reaction takes place 

2 (HO S0«) + Cii-B0«-i-Ga 0S0’ + 2 HO. 


It has a Bpedfle gravity of 2*21, and a hundred cubic inches weigh 68*69 grains. As 
a li^id, tnl^ water as the standard, its speciflo gravity is 1*46. For the puiposcs 
of the glaciarium at Chelsea, the sulphurous soid was obtsined in a liquid state 
Mr. GAWaaB, from Switserland, in strong copper bottles of the shape a sausage, 
oontaining about a couple of hundredweights. At a tempemture m 14^ Fahr. the 
condensed liquid is in a nonnal condition, and exerts no pressure. The bottle of add 
is placed upon a small truck carrying scales, and a ^ven weight run off into the lower 
pert of the oondenser fay the nipe. The condenser m flUed with water at the ordinary 
tempemture, supplied direct from the main, and has a system of doable pipes, inclosing 
an annular space, well known as " Gamobb^s compound tubular arrangement** The 
smaller, or internal, tubes have a diameter of |in., and the larger, or external, of 1 in. 
The water passes through the smaller tubes, and arrives at the bottom the con- 
deaasr by the pipes curm upwards at the en^, and shown in the Smwiiig. It then 
ite throng^ the condenser and passes out by the overflow pipe. * The water is eon* 
tuniaUy flo^ng in this manner, and hoe therefore a perfect drenlation The snl- 
pbuons add, etill in the liquid state, flows out of the bottle into tbs lower part of 
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Um tubes in the oondeoser. The oock is opened, and the liquid aoid ezmnds into 
the gaseous state in the refrigerator. The cock is necessaiy to allow uie connec- 
tion to be out off between the condenser and the refrigerator if reouired. Upon 
entering the refrigprator, the sulphurous acid expands into three hunored times its 
originaT Tolume. The arrangement of the tubes in the refrigsrator consists of a 
numter of small tubes inside a large one. The sulphurous acid, now in the gaseous 
condition, rises up the large tubes into the upper part of the refrigerator, where the 
tubes are fixed. Every pound weight of sulphurous acid passed through the pipe 
absorbs 170 English units of heat. 

*A doublenacting pump of the ordinary construction now comes into operation. 
A vacuum equal to aljout 2 in. of mercury is produced, and partly hy its means, and 
partly by its own elastic pressure, the sulphurous acid rises in the pipe, which is 
always at a very low temperature, and is then forced through into the condenser. 
The gauge shows a pressure of about one and a half atmospheres, which is sufficient, 
with the assistance of the water, tot effect the recondensatioii of the gas. When the 
rocondensed liquid— which commences to change its former gaseous state directly it 
enters the pipe— enters the condenser, it passos into the box into which the double 
tubes are fitted, and fiows tlirough the annular spaces between one*half of the tubes 
as far as a stop. It then passes through the remaining half all together, and finds 
its way to the bottom of the condenser, and thence back into the refrigerator, thus 
establishing a perfect circulation. The temperature of the sulphurous acid varies from 
21° to 11° Fahr. It may be noticed with regard to the pump that the valves were 
found, when made of the ordinary gun-metal, to give out. They have siuce been 
made of bright Bristol brass,” with spindles of cast steel screwed and soldered in, 
and have been found to give complete satisfaction. The sulphurous nei(^ does not in 
any manner corrode the maehineiy, and this great advantage is due to the foot that it 
never comes in contact with the atmosphere. 

‘Mr. GaicoBB has become aware that the usual vacuum machines consume un- 
avoidably too much fuel, and are too wasteful and expensive fur glaciaria and the 
manufacture of ice in blocks. Mr. Gamgbk was conducting experiments on the uses 
of compressed gases, when he was induced by M. Baoux. Pictbt, of Geneva, to convert 
his ether machine into a sulphurous acid one. One of M. Pictbt’b improved macliiuos 
was used on the premises at Chelsea. 

‘ The freezing medium, — ^which we may now consider, — is an aqueous solution of brown 
glycerine, stored in underfund tanka. It has, as will be ret^ly understood, a very 
low freezing point. A solution of glycerine and water, made in equal proportions, is 
practically inoai^ble of being frozen. The proportions used at Ohelsea are four parts 
of glycerine to six parts of water, and the mixture freezes at zero Fahr. It is first of 
all pumped into a copper box, fixed in the upper part of the refrigerator, to be cooled 
down to the requisite temperature. It runs down the inner tubes of the refrigerator 
which are fixed in the box, being surrounded by the sulphurous acid, which fills the 
large tubes us already mentioned. It then reaches a cast-iron box at the bottom of 
the refrigerator, into which it is distributed by a series' of radial tubes. Being now 
sufficiently cooled, it is pumped carefully and without violence into a wooden tank, 
placed some 10 ft. above the ground, from which it fiows by simple gravitation into 
the main pipes supplying the glaciarium itself. There are two main pipes connseted 
with thff outlet and inlet pipes respectively by junction pipes, one of which is f in. 
diameter, and the other 2 in. The upper pipe is slightly ooutraoted at the ^cnou. 
The main pipes are circular in section, and have each a diameter of 6 in. They are 

{ )laced the one vertical^ over the other at ri^ht angles to the small pipes, which ore 
aid longitudinally in the ice fioor of the glamarium. These small pipes ore of copper 
and oval in section, the major axes being in. in length and the minor J in. ^e 
space between them varies from | in. to { in. They may be said to be laid in pain, 
one being connected with the upper main and the other with the lower. The free 
extremitlM ore connected together by a bent mpe or loop, so that one of the pair acts 
as a flow and the other as the return pipe. The solution of glycerine flows nrwupds 
in ave^ one of these separate pain, and returns by the other pijw to the outlet pipes, 
by which it is eondnetM to uie nfrigentor, cooled down again, pumped into the 
elevated lank, to resnma ones mon its course of circulation. During the whole of 
the oimiit the tempentan varies to the extent only of a few de^;r8es. 

‘ The fruaen floor of the glaciarium presents some points of duftemee irith Mspeet 
to natunUy firosen ice. Being dhrectfy supported by concrete joists and planldng, 
the ioe is of a more solid ehawter, and neither bands nor era^ under the shataca 
As it is also froaen at a my low temperatare, it is harder than ordinary lea,aiaa 
possibly may have a higher specific gnvity. If we take the tbickiisBS of thb ias in 
the glaciarium at Chelsea, on an average, at 1} in., the whole floor would repmeati 
0 n maue, a solid block 6 ft. cube. 
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Af A mttUff of flMt, the ice in thAglndnrinm doee not " cat np** lo fireelj ns ioe 
BstnnUy froneo, Imt itill when Anted npon. it ineritnbly muit do eo to n oertnin 
extent The bMt method far inenring n ndninmm of cutting up, liee in the em^oy- 
neot of proper Antee, or raAer in Ae kind of ekatee which are beet adapted for tine 
glnciarium. It muit be borne in mind that every Ared of ico cut up repreaenU ao 
much money. However lar^e glaoioria may in ftiture be made, Aey will always be 
of eomparatively a limited aize. Gonaeqnently the description of skating for wbiA 
they are more particularly suited is "figure” skating. A glaciarium is to a naturally 
ftoeen large pond or lAe what a well-ordered, well-kept park is to a common. The 
individnal who rushes about at a rate of fourteen miles an hour with skates which 
liave blades 15 in. in lengA is not a suitable or drairable visitor to a glaciarium. 
The description of skate ^st adapted for the place is what might be termed a drawing- 
room Ante, and should be of Ae following pattern The sole piece should be of 
wood, and the blade the exact len^ of the fi^t, or, raAer, of Ae l^t, turned up 
neatly at boA ends, without the uightest bit of superfluous metal in it. In foct, 
except for ladies and Aildren who are beginners and light weights, any Aate, Ae 
blade of which is sharp at the heel, should be tabooed in a glacianum. The depth of 
the blade should be sufficient just to prevent Ae wood ftom gracing Ae ice when 
cutting Ae edges. In a word, the whole skate should be as small, light, neat and 
compact, as is consistent with the siee of the wearer's foot. Lsr^bladed skates are 
not only not required, but exceedingly detrimental to the ice, and all such barbarous 
inventions as iron skates, wiA their high and destructive leverage, and useless 
amount of extra and injurious metal, should be prohibited on Ae floor of a glaciarium. 
If it is considered necessary to maintain stringent regulations wiA respect to the 
description of roller skates permitted in Ae rinks, how much more is a similar pre- 
caution needed with regard to glaciaria 7 Another point to be kept in mind wnon 
skating on ice thus formed is that, owing to its superior hardness, the blades of Ae 
skates must be in excellent order. When the blades want grinding or setting, they 
will not " bite.” The consequence is Aat in making a stroke they slip, and shred 
away the ice very considerably. Skates, in first-rate order, damage Ae ioe but very 
little. We are convinced that the proprietoni of fliture glaciaria will find it necessary to 
pay veiy great attention to the description and quality of skate used on Aeir premises.’ 

Carbonic Acid has been repeatedly proposed as an agent for the production of cold. 
By employing solid carbonic acid the most intense cold known can be produced. The 
enormous pressure required to solidify the gns is such Aat it is under aU circumstances 
attended with some danger. For the necessities of science solid carbonic acid has 
been frequently used, but for practical purposes we have not yet Ae means fur em- 
ploying It with economy and safety. 

mdpkurio Acid . — Machines for the use of sulphuric acid have been made by EiesL 
and l^BMiBisTES, of Cologne, but Arse machines are open to the objections already 
referred to in relation to carbonic acid. 

We give some account of one of Ae ag[ua ammonia ice-makinff maohinea which are 
manuAmtured by Oscar Kroffv, and are to be obtained from Slapdkt, Bbothbrs, 
and CoMPAMT, Queen Victoria Street, London : — 

The boiler required to work the machine is bnilf in brickwork. This is half filled 
wiA a strong smution of ammonia, which is caused to evaporate by the application ol 
heat, thus forming gas, which is conducted to the square elevated tank, where it 
enters a condenser (worm-pipe) submerged in cold w^ter. The gas in its passage 
through Ais pipe becomes cool. Throi^h constant heating and separating the gas 
in Ae condenser begins to attain a strong pressure, which amin, Arough eoolii^ in 
cold water, condenses and passes as a fluid into the small eylindw under the tank. Here 
as a fluid it remains under pressure, as wiAout pressure it would again evaporate into 
gas : and through a glass gauge the fluid oan be observed by Ae manager. If the 
cylinder be fhU Ae fluid will rise Aroogh the narrow pipe to the right and Ans 
indicate its presence. From Ae cylinder or gas-holder Ae gas is conduct by a pipe 
to the valve on Ae top of the large ice box, which is in connection wiA Ae woxm- 
|dpe inside. At the commencement of the operation this valve is kept closed ; bnt 
as soon as Ae gas has attained a pressure of eight to ten atmospheres it is alightlv 
opened. The gas then in its passage through the worm-piM of Ae condenser (which 
is always snirounded wiA cold water) is condensed, and the solution psaws tmugh 
Ae valve to Ae wonn-pipe in Ae large square ice-box to Ae right, where it agiun 
commences to evaporate, extiactii^ at the eame time heat firom Ae solution of chloride 
of oaleiam in whiA the worm-pipe in Ae ioe-boz is submerged. This extraction of 
heatfO lowers the temperature of Ae eolution of chloride of calcium ae to render it 
eapaUe of taming the foeeh water, contained in Ae ice casee, to ioe. The ammonia, 
wmA has been turned to gae again in Ae pipes in the ice-box to the right, risee 
Arongh the thick long pipe and passes to Ae absorption cylinder in the centi^ and 
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at tli« mine time tlie weak eolation of ammonia, which hae loet the gae bv heat, 
paaeee out of the boiler by the pipe on ite right eide into the exchanger under the 
cvlinder jnet mentioned, firom thence it proceede to the cooler, the lower cylinder to 
the riffht, under the tank, to the absorption cylinder, where it absorbs the gas coming 
from tju Me>box, and from these cylinders it is pumped back by the pump under the 
centre {seen in the mning under the elevated absorption cylinder) into Uie boiler to 
be again heated.^ when the machine is working tne valve on the ice-box must bo 
upenM iust sufficiently to allow the gas to escape, but not to allow the pressure to 
fiill, and the valve between the cooler and the absorption cylinder must be so regulated 
as to admit the proper quantity of the weak solution from the boiler as will absorb 
the gas from the ice-l>ox. 

A machine for making 200 lb. of ice per hour requires a two-horsr engine to drive it. 

The investment and running expenses for the management of a continuous ice-ma- 
chine of 600 lb. hourly capacity will be ; — 


£ «. d. 

Price of machine , . . 900 0 0 

Steam-engine (three horse-power) • . 127 10 0 

Water-pump 27 0 0 

Belting and transmission . . . . 81 10 0 

Cost of mounting 24 0 0 


Investment . . . £1,110 0 0 

Interest on 1,1101. at 6 per cent. . 66 10 0 

Annihilation on 1,1102. at 10 per cent. . Ill 0 0 


Yearly interest . . £466 10 0 

Reckoned at 800 working days per year would be about 1 Is. per day* 
Dailjf Expenses qf Teoenty-four Hours. 

£ i. d. 

Interest 0 11 0 

Three attendants 0 8 0 

One machinist 0 6 0 

Coals 0 9 0 

Chloride of calcium 0 0 9 

Aqua ammonia 0 0 9 

Oil and light 0 16 

£2 2 0 


^odu^ion of Coid by Expansion, — If a gas is compressed the mecbaniool power 
applied ia converted into heat and the temperature rises. If a hot compressed gas is 
allowed to re-expand, always under full pressure, the heat is transformed into me- 
ehaniool power, and a fkll of temperature issues in the same measure as the rise 
during its compreseion. If a hot and compressed gas is oooled down and then ex- 
pand*^, it ihlls below the initial tempemture, and very great degrees of cold can be 
attained Thus air at 2, 8, or 4 atmospheres cooled down to 30 C., and allowed to ex- 
pand 1 atmosphere, yields respectively the temperatures of —26^, —68**, and —78^ C. 

Sir John Hnr^nl many years since proposed to sink a Oomidi boiler in the 
ground, to place in it the water to be frosen, then to pump air into it and oompress 
it, allow it to remain over night to be oooled down, then, liberating the compressed 
air in the morning, the water in the boiler U frosen by the cold produced on the 
expansion of the air, 

Lindb has given a treatise on ' the withdrawal of heat at low temperature by me- 
chanical agenmW' The main result at which he has arrived in the way of calenlatioa 
is, that for the eoonomioal working of ice machinee the temperature of the body used 
as a medium during expansion must not be lower, and during compression not higher 
than is absolutely neoesaaiy. Lindk proves by calculation that in a theoretically 
perfect machine, which pro^oes ice at —8** firom water at + 10^ C., 1 kilo, of eoel 
should yield 100 kiUw. of ice.— Bavaa, IndueMo u, OewerheUait, 

AaiuNGauD communicated to the Aoadimie dee SciencM certain theoretical specu- 
lations on air machines. He laid great stress upon the infportaaoa of cooling the edr 
during compression by means of water. The difficulty of cffocting this by means of 
water iqjeetod in the momsiit of oompreesion he overcame by introducing into the 
air, as drawn in, water hy means of Givtobd’s iqjsetor in fine spray. Aoro^Og .to 
his eiqperiments it is most advantageous to work ^th a degrM of expansion w9k in 
case the power exerted, in proportion to the cold produced, is only half as great a£ 
when the refrigeration is cairiM on daring compression os if ezaeated preTioarij^ 
Oompiee Hindus, Ixxxvi . ; Dinol. fWy. Jovr.. ccviii. 
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SevAnU Taritttiei of those maohiaes are mansfhetttrsd upon the principles above 
described They are not only made for the mannfacturer, but, on a amall 8eiue» fat the 
use of the houB^old» and oven for the p^nction of ice on the table. A foil aooonnt 
of all these nuudines was given in the ISriiuh Mail of January 1, 1877< 

Ido CbnassMd—ln 1876 we imported 

Tons Yalne 

From Norway .... 184.021 £167.008 

other countries ... 10 16 

184,081 £167,107 

The following statement of the quantities of ice used is foom the paper already 
roferred to by Dr. U. MmoHrasR, and published in the report by Dr. A. W. HoncAUM, 
On the Development of the Chemical Arte during the last Ten Yeare 

* In 1866 the quantity of icc consumed in New York amounted to 260,000 tuns, nr 
6 cwt per head. ^In 1877 I expect an enormous advance upon this has been made, 
the practice of dnnking iced water having, foom being a fashion, become almost a 
disease.) The weight of ice stored up was 648,000 tons, while the capital employed 
in tho trade amounted to £2,260,000, the wholesale price being about Is. for the cwt. 

* 111 1071 the North German Ice Works stored up 600,000 cwt. of ice and delivered 
it to subscribers at 77 pfennigs per cwt. (100 pfennigs are contained in the German 
mark, which is of the value of Is. Ofd. sterling). 

‘ In 1869, ill Drkhsr's lirowery at Klein Bchwecbaf, near Vienna, there were used 
28,874.219 kilos, of ice; iu the following year the quantity was raised to 81,681,924 
kilos.’ 

There are now iu this country several establish meute for the manufacture of ice, 
especially in the chief fishing towns on the coast, nearly all the fish being packed 
in ice. 

Ice Formatum by Natural Cold.^k company has been formed for obtaining natural 
ice. This company holds a grant ffom tne Duchy ot Cornwall, and on the northern 
edge of Dartmoor they have constructed several shallow ponds, which they fill with 
very pure water. At an elevation of above 1,000 feet the ice is formed early in the 
year, and is continued long into the spring. As a film of ice is formed it is taken off 
and stored. In conclusion, it will be interesting to notice more fully this experiment 
which is being made by Mr. Janus Hundukson, of Truro. Several large ana shallow 
ponds have been constructed upon the heights of the Moor ; these are filled with the 
purest of water from the granite, and when the temperature falls below 32^ Fsfar. a 
coating of ice is produced. Ice of 6 inches thick of splendid quality has been thus 
formed. This crust of ice is removed and stored, for the use, during the summer, of 
the fisheries, and any other purposes of luxury or utility for which ice is now become a 
necessity. 

The works at Dosmary Pool, in Com wall, are more interesting, because there Mr. 
Hundbbson has fixed an hydraulic press, worked by a steam-engine, for oompresung 
the ice into blocks, with a pressure of nearly 200 tons. He has taken out a patent 
fur this machinery. The method of preceding will^ this. Th^ take off tne ice 
from the pool, which is 40 acres in extent, as soon os it attains 2 inches in thiricness 
or thereabouts. The ice will then be stored and rammed with rammers in the store ; 
it will thus freese into a solid mass. When it is to be sent away it will be cut out in 
smaller sixes, crushed, and pressed in the hydraulic press into blocks of about 1 cwt. 
in each block. 

This extreme pressure forces all the air out of the ice, rendering it very much 
more durable than a naturally foosen ioe. It will bear any amount of rough ^ndling 
— indeed, it is very difficult to break it, and when heavy hammers are used it becomes 
braised, like loaf sugar or marble, rather than fly into ftragments. 

This is rewdsd ss the moet valuable pi^ of the discovery, and, Mr. Hundbrsok 
thinks, will m of immense use in our flsheries, where such enormous quantities of ice 
are required eveiy season. 

Ws can, nse of this process, avail ourselves of the ioe naturallv ftoseo at our 
own doors, without going to Norway or to North America for onr sn|^ly. 

Mr. Mbkobimon hits made some veiy interesting experiments with pressing ioa. 
The pMwing season will commence about March next, 1878. 

During the ppentioB of prsssing a large quantity of water exudes ftom the ice, 
although vary dry, apparently, when first put into the box. The block tarns out like 
a Hock of marble, riiratly opaque at flnt, Imt on being kept a weak or two it becomiis 
quite tnasporent. The opaquenees arises from the crushing of the ice into fliw 
partides, cm tho BubesqueDt transparency from the extreme cold produced fay tho 
expansion, the rcgelation of the mass after being relieved from the pressnie. 
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The following ie Hmidbbiok’b improTemesta in oompiewing iee and mow as sped- 
fladf Se^tomber 27, 1877 

*M 7 indention relates to the manufaotare from thin sheets or fragments of ice or 
from snow of blocks or slabs of large sise by compression. 

* By compressing fragments or thin sheets of ice with sufficient force in a box of 
other oonfln^ space, they will be made to cohere and form a solid block or slab of 
ice, and similarly when snow is compressed. And my inventicm consists in certain 
improyements in machinery, and the employment thereof for the manufacture, on a 
commercial scale, of small pieces of ice or snow into large blocks by compression. 
The ice or snow to be formed into blocks is placed in a box, constructed as hereafter 
described, and sufficient pressure is then applied tliereto and continued until the 
fragments are consolidated into a compact blo^. 

* The ice, in consequence of the pressure brought to bear upon it, gives up some of 
its latent heat to the liquid water w,hich is present in the cavities between its particles, 
and which is expelled by the presstfte, and the ice consequently becomes more dense 

2471 



and of greater specific ^dty ; and on the pressure beins removed ffom U, a certain 
amount only of the sensible heat is again absorbed and rendered latent, thus rendering 
Che ice colder than before pressure. 

* Hie machinery is illustrated in fig. 2471, which represents a vertical section of an 
hydranlie prees, provided with appliances for compressing ice or enow into blocks ; 
fig. 2472, a plan of the same with the press head and plunger removed ; fig. 2478, a 
vertical section of the force pumps ; Jig. 2474, an end view of the gear connected 
therewith, nndJSg. 2475, a eide elevation of a slightly modified arrangement of the said 
gear. 

<The eonstrnction of the hydraulic press shown in 247^ is much the same as 
usual, so for as the cylinder, ▲, ram, b, pillars, o, ud head, d, are conoer&ed ; but the 
construction of Ihe bl» in which the compreaeion is effected, and the arrangement of 
the plunger, are novel, and are as follows : — x is a wroa^h^iron table or ''follCwer" 
resting on the ram, B. and moving therewith. Upon this table is placed the bOB, w, 
in which the ice or snow is compressed, and to the under side of toe head or osp of 
the prees there is attached a plunger, h, eorrespondiug to the interior of the btt, v, 
■0 that as the latter is raised W the ram the plnnger will enter the box and oottpress 
the iee or enow therein. This m, r, is coiistrueted of wrought-iron, with a cemotable 
front and eides to fiieilitate the removal of the compressed blooL Tbs bottom or 
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ued, f', of the box lesti upon, bat it not neoesnrilj flmd down to, the table or 
** follower,” K, of the wees; but it ia deeimble that the table, ■, should be so fitted 
on the ram, b, and the bed or bottom, f', on the table, is bj pa^ of the one enteriqu 
. teosfses in the other, as to alwa^ ensure the proper oomspondence the boa with 
the plunger. The bMk plate, i*, of the boa ia securely bolted or fixed to the bed, f*, 
by a metal band paaaing behi^ the baok plate and round the sides of Uie bed, or by 
clampe, or the plate may be made in one piece with the bed. The sides, r*, of the 


thrown back clear of the compressed block for the purpose of removing the latter. 



The front plate, f^, of the box ia received in a groove in the bottom plate, f*, and is 
retained by a toe or dovetail, /•, therein, on which it works oa a hinge, frdling down 
to a horiaontal position level with the bottom, p'.as shown in dotted lines, to facilitate 
the i^ovdl of the compressed block. The front plate is maintained in the raised 
position by one or more stay bars, o, having at their upper ends a firm abutment 
B^nst the plate, as shown at o', and simply hinged thereto at y to keep them in 
piaoe when the plate is lowered. The lower end of these stay bars atot against stops, 
e, seeqf41y fastened to the table, n. By this arrangement gi^ strength and rigidity 
of the loe box under pressure are ensured, and the box may be readily opened to 
remove the oompressed block. 

* It Mjfd of the stay bars, comer irons or clamps may be used, if preferred, iweeived 
in 00 the sides of the box, and locked toMtfaer by any editable means. Ibis 
Mumer, ^ of metal, or of wood rihod with metal, Is pUced immediately above the ioe 
b^ and le hinged at one aide, A, to the press head and secured thereto at the other 
Mde by a etaplo and removable pin, A', or other fastening, so that on releasing the 
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latter the plunger will hang in the position indicated in dotted lines, and so be out of 
the iray, leaving the open top of the ice box, r, entirely clear when filling or inspecting 
the box. 

* It is desirable that tbe enjnne or motor working the pumps should not be stopped 
whilst removing the blocks of compressed ice and refilling the box ; but as it is neoes- 
SBxy to stop the pumps of the hydraulic press during these operations, motion is 
communicate from the engine or other driving slwft 
2474 to the pumps through the medium of a lever, having 

a sliding fulcrum which may be gradually moved to 
any point of the lever, to regulate the stroke of the 

f mmp according to the power required, so that the 
alter may thus be gradually increased os the block 
becomes more dense, until the requisite power for the 
finid pressure is attained ; or the fulcrum of the lover 
may be made to coincide with the centre, l*y wl))('li 
the connecting rod of tlie pump is jointed U) the 
lever, in which position no motion will be communi- 
cated to the pump, although the lever may contiuuo to 
be worked by the motor. 

* The arrangement is illustrated in Jias. 2473 and 
2474. The pump, i, is of the ordinary kind used for 
hydraulic presses. The pump plunger is worked 
from a crank or eccentric on a shaft, or directly from 
the engine through a lever, x, connected at one end 
with the said crank, eccentric, or molTr, and at the 
other end with the pump plunger by a connecting 
rod, i. j is a box, to the sides of which are fixed the 
pivots, y, on which the lever, x, oscillates. It is fur- 
nished with anti-frictiem linings at top and bottom, 
and is fitted to slide freely along the lever, x. The 
pivots, are supported in a movable bearing block 
or carrier, x., fitted to slide in dovetail guides or 
ways, /, on a bed-plate, m, the said guides being made 
aii^UBtable by set srrowH, I*, This carrier, l, is con- 
nected with a hand lever, k, by an extension of one of the pivots, y, or by a pin on 
the carrier received in a slot, n, in said lever. The latter is provide with a locking 
bolt engaging with a quadrant rack, o. By shifting the hand lever, x, the carrier, 
I., is traversed along the guides, carrying with it the Imx, a, and pivots, y, which may 
thus be placed at any point of the lever, x. The under side of the sliding-box, 
j, is not continued ^m end to end, but extends about one-tbird the distance 
only, 08 shown, to allow tlie box to pass the fork at the upper end of the pump 
connecting rod, i, sufficiently to bring the two centres, namely, the pivots, y, and 

2m 




the joint, f, in ths same axial line, as shown by the dotted position in fig, ^478* 
To admit of this the end of the lever, x, which enters ths fork of the ooaneewig vod, 
4, is redneed in width, so that the width of the fork across from one side to the other, 
the length of the pin of the joint, t*, coincide with the width of the lever, and 
do nnt project in the. way of the slide b<a, r. 

* It ^11 be seen that when the band lever, n, is in the right-hand position the ^ittp 
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is worked its full stroke, which is gradually decreased as the hand lerer is mored 
over to the left, antU it is in the dotted position, when no motion whatever is given to 
the pomp, idthongh the rise and fall of the right-hand end of the lever, k, is oontinued 
as befoio. In Jig. 2476 the hand lever, n, and quadrant, o, are shown fixed on a 
separate hed in front of the pump, the carrier, l, rang in this case actuated through 
a forked oonnecting rod jointed to the lever at one end, the forked end of the oou- 
necting tod spanning and working on the ends of the two pivots, y, that ums through 
the comer, l. This carrier may also be made to slide along its by the rise of tlie 
hydraulic ram, a, by means of a rack and ^nton and screw attachments, whereby the 
power of the pump will be automatically increased in the ratio as the nressure is 
required on the block of ice or other mat«rial under operation. It will be obvious 
that this lever with a sliding ftilcnim may be similarly adapted with equal fkoility 
and advantage to the pumps of hydraulic presses generally, fbr pressing all kinds of 
materials.' 

BaXOVXAXnzra. This is the name given to a new mineral found in the 
upper stratum of the Comallite (a salt more soluble than common salt), found in 
the salt works at Stassfurt, in Prussia. Its sp^fic gravity in alcohol was found to be 
I'dl, in ether 1*71, and in benzine 1*66. while the specific gravity of ordinary sul- 
phate of magnesia is 1*761. It occurs in amorphous masses. Its eomposition is 
similar to oioinaiy sulphate of magnesia: — 

MgSO<7HK). 

XBBOmonra. To prepare reeorcine benzine ie acted upon by sulphurio acid, eo 
as to substitute two equivalents of hydrogen by two ^uivalente of sulphuric acid : to 
effect thie the benzine in vapour is passed into four times its weight of sulphurio acid 
heated to 464° Fahr. The new compound remains dissolved in the excess of sulphuric 
acid, which is mixed with about ten times its bulk of water and then saturated with 
lime. The sulphate of lime precipitates and the bisulphobenzylate of lime remains in 
solution. The latter salt is now uccomTOsed by addition of carbonate of soda, which 
IB added as long as a precipitate is produced. The roHulting products are carbonate 
of lime and bisulphobenzylate of eo^. The solution is filtered and the clear liquid 
evaporated to dryness, in order to obtain the soda salt, whicli is white. To otmvert 
this salt into resorcine the two equivalents of sulphuric acid should be removed and 
replaced by two equivalents of hydroxyle. To do this, treat the salt at a temperature 
of 480° with five limes its weight of caustic soda. This is done in cast-iron pots, 
with mechanical agitators, heated in a bath of oil, the operation lasting fiom 24 to 
30 hours. The mdted stuff, when the operation is complete, is poured upon cast-iron 
plates, and when cool it is broken into small pieces. It is dissolved in Water, the 
t'zcess of alkali neutralised by sulphuric acid ; the sulphate of so^ is crystallised 
out, and the resorcin is left in solution. It is best removed from this by agitation 
with sulphuric ether, the ether being afterwards distilled off*. — M. Louis Dubamd, 
Monitewr Sowntijiquef vi. 

Kesorcin may be formed by the dry distillation of brazilin. The wash and mother- 
waters obtained in the manufacture of brazilin froiff Brazil-wood extract is mixed 
with chalk evaporated to dr^ess, and the residuum snlgected to dry diBtillatioD.--^lee 
Watts’s Dictuma/ry of Chemistry, 2nd Supplement, for KisoBcm amd its Dibivattvis. 

M. B. Waonbr says, if to an aqueous solution of resorcin sulphate of copper is 
added, and then ammonia enough to redissolve the precipitate, a deep black liquid ie 
obtained which dyes wool and silk black . — BuUstin do la SoeiM Ckimiaue de Pario, 
May 1876. 

An ether of resorcin is formed by heating resorcin with hydrochloric acid under 
pressure. It is a scarlet powder, which, when rubbed, assumes a beStle-green lustre. 
It o onsists ef L. Barth, IhnU. Chen. Gee. Ber. ix. 

xamrtTB* Found in la^ lumps in the lignites of Otago, New Zealand. 

USBA. or XAMZa. {The China grate plant, a variety of Bohmoria), A 
dicotyledonous plant belonpng to the natural order Urtioaoea, The order contains 
Severn sp^ed, which are distributed widelv through the tropics and sub-tropics oi 
both hemispheres; are herbaceous plants or shrubs dosely resembling our 
common stiitting nettle, only the stinging hairs ore absent. The same plant pco- 
duees bollfll the male and female fiowers, mit they ore borne on eepuate epikee ; the 
male fiowers, consisting of a perianth of four leaves and four stanmns, are emeillm ; 
the female flower is tabular, having no stamens, but a slender style with Imire on 
one eide^ The Bfihmeria contains tenacious fibres, which are manufactured in con- 
eidemble quantities into useful articles. The B, nivea yields the fibre which ie 
manuflietnred into'tbe so called China-groM cloth: it is the Tchouma of the Ghioeee 
and the Sheen of Aseam. This plant grows to about the height of three or four feet, 
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thiB laaTM grow on long hairy fbot atalka, are of a dark green on thi upper euriace^ 
but eorered on the under side with a thick coating of aofb white haim almoet resem- 
bling down» which gives them the appearance of frosted silver. The fibre used fi»r 
the mannfaeture of the grass cloth is obtained from the inner bark of the shrubs the 
bark beiu^ Btripp^ olF in two long pieces and all the useless matter is carefully 
removed inth a Icnife; then the remailer is either steeped in hot water, or softened 
by exposure to steam, and the floe filaments are then easily separated. Young and 
<mickfy grown plants yield from the inner bark the most delicate fibres, from which 
Uie best grass cloth is made. This quality rivals in softness and fineness the best 
French cambric ; but the outer bark of older plants is only used for ropes and sail- 
duth, and is said to be double as strong as the Bussian hemp. It seems highly 
desirable that this fibre should be more generally used : its strength and durability 
are remarkable, and the plants are so easily grown that some of the species will 
grow on rubbish heaps, or under hedges, without the least care, only requiring to be 
protected from frost. If it could! be manufactured more advantageously than it is at 
present, it would prove a source of considerable wealth. The Indian Government has 
recently offered prizes of 50,000 rupees and 10,000 rupees for the best machines or 

f rocesses for preparing the fibre from the green plant: the trials will be made in 
ndia. The B. puya dosely resembles the former in lx>tanical character and general 
appearance, but grows to about double its height, sometimos reaching eight feet. It 
is a native of Nepal : it is called pooah or puya by the natives, who have long used 
its fibre in the manufacture of canvas or cordage, mud or clay being always used in 
its preparation, which greatly deteriorates its value. B. aUnda^ a native of the 
IBandwich Islands, used for making cloth. B. caudata, a native of Brazil, used only 
medicinally. 

SHOIIW* fAxiuifn, vol. i. p. 177 and p. 186.) If to a oeiCaia volume of 
alcohol diluted with water to 40° we add a drop of pure aniline and then pure hypo- 
chlorite of soda, instead of obtaining the fugitive violet usual in aqueous solutions, 
we observe a yellowish coloration, passing sometimes into green, and sometimes into 
a permanent blue green. If aniline alone has produced the colour, there appears the 
rosy purple of rhtdein, which finally f.ides into a yellow. If aniline and phenol are 
both present, the blue reappears in all its purity, and then also passes into yellow. 
To distinguish these two yellowe, hypochlorite of soda may bo added, which in the 
one case restores the fugitive violet of aniline, and in the other forms the blue 
erythrophenate, which the next day will be found to have retained its colour.—- 
ComptM Rendua hebdomadaitea dea Soiencea de FAioadimie dea ScienceSt August 14, 
1876. 

SSOminiK. (See Plstinvm.) 

XSOSOVira. Red silicate of mangunese. 

HZCa. Our imports of rice in 1876 were as follows 

In tlu Huak, 

Qrs. Vnlne 

From all countries . . 32U £428 


Rot in the HuaJc. 




Cwt. 

Value 

From 

IToUand 

61,789 

£60,210 


Siam .... 

313,129 

122,689 

»» 

91 

Japan 

British India: 

94,680 

60,204 

91 

Bombay and Scinde . 

17,216 

8,198 

It 

Madras . 

819,362 

180,124 

it 

Bengal and Burmah . 

6,686,066 

2,491,002 

M 

Straits Settlements . 

6,601 

3,696 


other countries . 

80,469 

44,222 


Total 

6,469,181 

£2,029,188 


BXOB UIB&M* The Ctmoha ffouria alba, (See Ookob Shbxxs, small.) 
miCWSTABCnb (See Btaboi.) 

BOOK-MBSWa MUUnmnaiT. The appli^tion of machineiy to tbs bor^g 
of holes ibr blaeting purposes is a subject of oonsiderabls inpo^nos to tb# mine 
adventoffer as wsiU as to the miner. By means of boring maohiass shalts may bt 
sunk, levels driven, and lodes explored in one-third of the time required to sflbet tbo 
work by manual labour alone, wnila dead charges, ench as water, cost, management^ 
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•ad mAintanAnee of vorki, may be pfoportionellj lenened, and the ehanoeof mliaiqg 
iiiitiitfaotoxy veealta for the eapitalitte meterUtllj inereeMd. 

For many yean rock-boring plant iraa of an nnreUable character. Air oompreMore 
‘were Ihnlty Wh in materiu and coaatruction, the pipee frequently of inenlBoient 
diaiheter and badly jointed together, and the boring maohinee ill-contriTed and of 
nncertain dnratiop. while the oarriegea, etanda. and stretcher bars were ofVen so light 
and rickatj as to lessen, and even to neutralise, the usefhl effect of the maohinee. 

These Yarioue defecta^hare now to a great extent been remedied.^ Practice and 
care haYC established the success of this class of machinery, and but little remains to 
be accomplished other than to <wiy the Tarious apparatus on a scale commensurate 
with the work to be done. In fact, it may be safely asserted that rock-boring 
machinery is as essential to the rapid and economical derelopment of a lode as the 
pumping engine itself when the workings extend below the water line. 

For the purpose of driving percussion boring machines at the bottom of shafts or 
in subterranean headings, pneumatic power is desirable. Such power can be trans- 
nitted to a great distance without difficulty, and will in its use not only supply air 
to workmen, but naturally aid in expelling the gases resulting from firing explosire 
compounds. 

Mechanical boring, to afiord satisfactory results, inTolres a well-devised system of 
working, in which time, the unit of cost and expression of the result, may be 
employed to the fullest and most beneficial extent If a high rate of progress be 
requii^ two or more boring machines must run together, and the machines, what- 
ever their number, mounted in such a way as to be readily shifted to any part of the 
luce. Then, when the boring is complete, the tackle must admit of its beinff quickly 
withdrawn. The shot holes must also be readily charged and blasted, and the didnt 
immediately removed. The apparatus necessary in connection with rook-boring 
machines consists of — 

(a.) Compressing engines. 

(&.) Air receivers. 

(r.) Pipes for the conveyance of compressed air. 

(d.) Railways for carrying the boring tackle. 

(e). Garriuges or stands for mounting the boring machines. 

(/.) Rock-boring machines. 

(o.) Rock-boring tools. 

(a.) Water apparatus ; 

While a ' cut ’ or ‘ sink ' includes 
(j.) Boring the holes. 

(a.) Charing and blasting the holes, 
f 2.) Removal of the stuff after the blasting operation. 

(a.) Compressing Ekainea. — If boiler power is to furnish boring power through the 
medium of compressed air, a considerable deduction must be mnde from the former. 
Specifically stated, loss is incurred— 

1. In converting boilor into engine power. 

2. In converting engine into pneumatic power. 

3. In passing pneumatic power (compressed air) tihrough the transmission pipes. 

4. In overcoming friction and changing the movements of the boring maehines. 

At the Blanzy Collieries, Montceau-les-Mines, France, eonsideiabU attention has 
liern given to the subject of compressing air with the view of ascertaining the loss of 
power between the boiler and the boring machines. At that place two kin^ of com- 
pressors are employed— one a SoMxniLLaB, in which the speed is slow, the valves 
large, the air compressed in contact with water which fills the deoranee spaces, and 
deliven the contents of the s^ke into the receiver ; the other a Blaif^ eompressor, 
in which the piston sp^ is compararively high, the cylinder sonoundea fay a 
water jacket, and the cylinder oovws fitted with spray jets in conneotion with punm 
by which 'water is forc^ into the <ylmder during the oorapression of the air. H. 
GaoLuoT, the mechanical engineer to the estabushment, selected the former oom- 
presBor for trie], and after a series of exhaustive experiments aseertainsd in gensral 
terms that the work charged into the receiver in the form of compressed air repre- 
sented from to 46 per cent of the work due to the steam within the boiler, wMs 
the work obtained tl^kugh the medium of boring machines was only 20 to 26 pet 
cent.<of the boiler work. It therefore follows that from fmr to five hocss-power is 
^uirsd to afford one ^eotive horse-power in the boring m a chin es, and that the loss 
in transmitting compressed air from the receiver to the machines, and in ehsnging 
the niBvsmcots of piston and its aecsssories, is from 16 to 20 cent, of the 
power generated wilhin (be boiler. In other words, the power within the boUevis 
aisppsM of M follows 
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Lom. in tnuimnisfiion from boiler to engine, and oTereoming reeiptnncee 

in engine and eompreeflor 0*66 0*66 

Loiif in paeeing from receiver through tvanimisBion pipes, and in 

changing the movementa of the piston and its accessories . 0*16 0*20 

BOhotive poarer obtained in boring machines 0*20 0*26 

Total rSo 1^ 


The table confirming these general results, compiled by M. Q-balliot, is sulgoined, 
the figures being mostly acoording to the Prench metric system : — 


PresHUTfl per square inch .... Lb. 

62^ 

8t4 

63^ 

Revolutions of engine per minute . 

10-11 

10-11 

18-16 

Water injected into compressing cylinder . Litre 

•660 

•660 

•660 

Temperature of water iinoctod. i . . Morn. 71® Fahr., Even. 89® 

Whr. 

Work due to the steam used in stoaDi-cngines Kilos. 

4861*60 

3234*80 

4460 00 

Work absorlied by compressors . . . „ 

8620*88 

2576*44 

4029*00 

Work absorbed by the friction of the ma- 
chinery 

740*72 

659*86 

431*00 

Co-efficient of the useful effect of the steam . „ 

Work absorbed by compressor, divided asTollows : — 
Work absorbed in compreesion of air . . „ 

*88 

*80 

•90 

1571*46 

063*40 

1655*64 

„ in expelling air . . . „ 

422*60 

271*76 

788*40 

„ in expelling water . . „ 

„ stored in receiver . . . „ 

25*46 

13*75 

26*46 

1601*37 

1826 58 

1560*11 

Work lost b^ the heating of the air . „ 

398*76 

2ll;-23 

797*60 

Volume of air drawn in by stroke of piston, Cub. m6tre 

044*680 

066*250 

054*000 

„ compressed at the ordinary tem- 
perature 

085*230 

054*400 

085*800 

Gross work produced by the steam . . . Horses 

46*50 

84*50 

47*60 

Effective work transmitted by the engines . „ 

36*75 

27 60 

48*00 

„ stored in receiver . . . „ 

1710 

14*16 

16*17 

Work transmitted to the levels, admitting that 
the borers only return 60 per cent, of the 
usefbl work 

10*25 

8*50 

1 

10*00 

Proportion of available work of air to gross work 
of steam 

0*36 

0*41 

0*35 

Proportion of available work of air to actual work 
of steam 

0*44 

0*61 

0*38 

Proportion of actual work of air in machines to gross 
work of steam . . . . 

0*22 

0*245 

0*200 

Proportion of actual work of air in machines to 
effective work of the engine 

0*26 


0*28 


The most important amount of loss in compressing air arises from the accumulation 
of heat. During compression, heat is ezpn>Bsed, the quantity increasing with the 
tension of the air. As heat is equivalent to work, it follows that if the former is 
accumulated within the air cylinder it must act in opposing the path of the piston, 
thereby constituting resistance, or otherwise, it must be abstracted bv the application 
of a convenient body fur that purpose. Fortunately, water is a suitame ageut ; henoe 
it is that the air cylinder is freauently covered with a wator-jocket, or provided with 
spray jets set in the cylinder enae. To favour the action of the water and to keep a 
cool cylinder, the velocity of the piston should be kept moderately low. Another 
source of loss of work, the consequence of which increases in importance with the 
degree of compression, is the clearance spaces at the ends of the cylinder. If these 
are not completely blocked, such spaces as may remain will be filled with compressed 
air, which will follow the piston in its back stroke, and prevent the access m fresh 
air to the cylinder until the inlet valve is relieved from internal pressure. Other 
sources of loss might be referred to, such as loss of effect resulting from the use of 
compressed air without expanding it in the working cylinder ; but a careful inve^- 
gation of the meohaniehl propertiee of air, together wi^ the action of these properties 
during compiession, and the subsequent use and return of the air to its nonnsl 
condmon will show that boring machines, as well as pneumatic e^gineia wotfklng 
under a pr^sunsn of two or three atmospheres, are muw more economical in their 
draft on I)m4 than machines which demeiid a pressure of from five to eight atmo* 
sphe^^fijttfpiihraiing their work. 
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oomprtiiQM maj be drim tneut of WMw-whMli, twWnM, or 
vnter-pNMOto onginat. At th« oidinazjq^ of o WBtaswboal wot oomprowort my 
bo direeflj ottoAhed to the emk if doOlmblo, tho powox of the wheel diA'> 

tribpted on n triple oet of ringle-netiog qyUnden* The turbine nraally nuo at a high 
Tcjpcity ; henee to oonneot the onmpreeeor with thia kind of motor intennediate gear 
iowaqiUMd. At the iUiolo end of the St Qothard Tunnel twelve oompreasora have 
bean erected in groupa of three on one aide of a oommon driving ahaft, aet in motion 
by four diatinet turbinea. 

The water for driving the turbinea ia drawn from one of the branehaa of tha Taaain, 
and folia about 630 ft, affording a autio preaaure of 230 lb. per aquare inch. The 
turbinea make 300 to 400 revolutions per minute, and in the same time the oom- 
preasors 80 to 100 revolutions. Water-preaenre enginea give a steady, but somewhat 
slow movement for running compressors direct. They may, however, be advan* 
tageously employed in localities where water ia abundant at moderate foils, and some 
attention can be given to maintain the efficiency of the working parts. 

Stsam-Enffines. — In some of the earlier coinpreaeing machmee motion was trans- 
mitted from the engine to the compreaaing cylinder by means of spur-wheel gei^nga 
This arrai^ement Emitted of a high velocity in the eteam piston, and acompamtivelv 
slow velocitv in the compressing pieton, but rendered the strain unequal on the teetn 
of the wheels, and sometimes 1^ to their breakage. 

The more recent practice ia to couple the piston of the air cylinder to the crank, so 
that the maximum effect of the steam may be exerted at the time that the air ie being 
delivered to the receiver, or to employ double steam and compressor flinders, so that 
the power of one steam cylinder may overcome the reeietance offered in the opposite 
air cylinder. In addition, it is sometimM desirable to provide the engine with a 
variable expansion valve, and to economise power by using steam on the piston of 
considerable pressure (five or six atmospheres), and cutting it off at from three- to five- 
eighths of the stroke. 

(a.) SoMMBiiiLnB's Compressor . — At the Marie Colliery, Seraing, and elsewhere ia 
Belgium, SoxunuxEu’e wet compreseore are used. 
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Fig. t476 showi a Tvltleal Mction through tho eentre of the cyUnden. The pietoa 
moTM herimtally in a eaet-iron c^lmder, which ie kept fall of water. fVom the 
two estHmitiee of the cylinder epiing two Tertioal (flinders, eloeed at their upper 
endi The air ie admitted throuffh a rectangular opening in the eide of the 
ewlinder— the intake yalve being of leather etiffened with wrought*iron platee aa in 
the ordinary mine buckets. The diecharge of the air into the receirer takes place 
ftom the upper part through rubber valves. The movement of the piston in the 
cylinder causes the water in the vortical columns to rise on one side and to fall 
on the other. Above the falling water a partial vacuum is formed, causing the 
admission valve to open, and the unoccupied space to be filled with mr. 'When the 
pi^n returns in the opposite direction the water is driven back, and the air with it. 
The admission valve is closed, and as soon as the a)r is compressed to a pressure equal 
to that in the receiver the delivery valve opens. The water rises through and ateve 
the outlet valve, filling the clearance spacos, and driving into the receiver the whole 
of the air compressed. To avoid inconvenience arising from any corrosive action of 
the water the piston is made of brass, and the rod incased in brass. The steam 
cylinders are 1^ in. diameter ; stroke 4 ft. These are fitted with variable expansive 
gear, the cut-off being usually at one-half of the stroke. The fiy- wheel is 16^ ft. 
diameter, and weighs 128 cwt. The compressor cylinders are 17} in. diameter. 
The minimum spe^ of the engine is five revolutions or 40 ft. per minute; the maxi- 
mum 20 revolutions or 160 ft. per minute. The effective work exerted on this com- 
pressor is about 84 per cent, of the indicated engine work. 

Carefully conducted es^riments with a Sohmxxllbr compressor erected at the 
Baarbriick Mines to supply rock-boring machines have been ma^ with the following 
results : — 


No. of 
Ex|ieninent 

Useful Effect of tlie Oompressor at 

0 e Atnioepherc 

Two AtnioNpheres 

Three Atmospheros 

1 

0 94 

0 88 

0-85 

2 

096 

0 885 

0*855 

3 

0 93 

0 88 

0 85 

4 

0 95 

0 00 

0 865 

6 

0-94 

0-87 

0-83 

6 

0 93 

0-85 

0 80 

Mean . 

0*94 

0-877 

081 


Fig. 2477 shows one of Somhrillbb’s compressors which was employed in com- 
pressing air fur running the boring machines used in driving the Mont Cenis Tunnel. 
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The upiumtus was composed of two horisontal single-acting cylinders, two vsrtiesl 
oylin<milM|^ 4 BC)e on esch horisontal <^linder, inlet and outlet vslvee, a pipe for ths ad- 
miisiSir water to the vertical qylinderi, a bianoh pipe connecting thetwotilv* 
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tlnnbeH, «id a The Telre for inlet of air is shoirj;i at s ; this Tilve ia of 

leather, backed oith an iron plate, and hmig at its upper end, the *seating* baiag 
naffidentlT inclined to allow the valTe to open aa soon as a slight difference oconia 
.between internal and external pressure. The outlet, an ordinary flatralve, a, is of 
gun metal ; the air enters through the inlet-raWe opening, n, and uter compression is 
expelled through the outlet-ralve opening, a. The compression of the air is effected 
fay nising the water within the rertical cylinder until the tension of the air is equal 
to that stored within the air receiver, when the further elevation of the water until 
it reaches the outlet valve effimtually dischargee the air from the vertical cylinder 
into the air receiver. The water diaeharged through the outlet valve at each half 
stroike of ^e piston flows to the receiver, from whence it ia either drawn off occa- 
sionally or returned to the compressing cylinders through the email central pipe 
shown in the illustration. 
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Fig. 2478 shows a compressor designed and made by the Hdioioldt Gohpakt nw 
Cologne. The apparatus consists of a steam i^linder, steam, and variable^ expansion 
steam valves, a double acting plunger with two side rods coupled to two fly-wheels, 
two valve boxes, one at each end of plunger case fitted wiUi inlet and outlet valves. 
Water introduced into each plunger case serves the threefold purpose of filling the 
clearance spaces, expelling the air, and absorbing the heat given off during the 
compressing operation I'he following are particulars of a machine erected at the 
Saarbruek Collieries. The motor is a horizontal expansion sfoam-engine — cylinder 
24| in. diameter, stroke 43 in., with a pressure of 30 lb. of steam, and a cut-off at 
half-stroke , at 26 revolutions per minute 64 horse-TOwer is developed. The oom- 
pressor plunger is 16^ in. diameter and 12 fb. long. £ach plunger ease is 6 ft. long 
and 20 in. diameter ; the branch at the end of each case is 88 in. diameter and 6 in. 
in height, upon which is placed a valve chest of enlarged diameter. The Stuffing 
boxes of each case are distant 6 fb. from each other. In this space a cross-head at 
tached to the middle part of the plunger and travelling in guides is connected to side 
rods attached to fly-v^eels. With an air pressure in the receiver varying from 80 to 
46 lb. per equare inch, the useful Quantity of air compressed is stated to ^ual 96 per 
cent of the theoretical contents of the stroke. The^following are the dimensions of 
some of the compressors constructed by the HuMfiOLnr CoicrAMT: — 


NnmtMr 

DlunfltAr of 

Air {’jllnder 

Dlnmotor of 
Btonm Cyliudor 

Length of Btroke 


In. 

In. 


1 

6 

9 


2 

n 

104 


3 

9 

12 

24 

4 

12 1 

!6 

30 


16 

19 

48 


HariMonttF Waitr Compreaaor , — A compressor has been erected at the Werister 
Ctffiieiy, Belgium, and at the Minera Lsm Mines, near Wrexham ; the latter, for a 
long period under thd management of the late Mr. Darlington, intended to combine 
the merits of the SoimiLiJiB and the Colladon compressors, that is, to eoi^press 
the air in immediate contact with water, vet with a vmume of water imu^ent to 
pnohide the engine ftom running at a hi^ speed. 

At Mineia twin-e^lindef eteam and aw cylinders are employed. A section of ono 
of the air cylinders is shown in Jiff. 2479 : a, piston padeed with hemp gasket ; 9 , 
piston rod; c 0 , inlet valves of leather stiffened with wrou^ht-iron plates, bung ta 
eylindeS eoveie ; o o, brass outlet valves. Spray Jets are inserted in ea^ cyttudsv 
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eovw, And Aoekf fbr dtawing off aDjezcaas of water which mayappeAr to be neeeseaiy. 
The lAmimom speed of the compressors is 7 strokes per minute, maximum spe^ 
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45 strokes, or 226 lineal feet per minute. At 20 strokes per minute the thooreticiil 
volume of nir compressed to a tension of three atmospheres, or 46 lb. per square inch, 
IB 17^ cubic feet, or, taking the actual result at 80 per cent, of the contents of the 
stroke, 13^ cubic feet. 

Moonta Compreasor. — Fig. 2480 illustrates a compressor arrangoffby DAriuNOTON 
for driving rock-boring machines at the Moonta Copper Mines, South Australia. The 
steam and air cylinders are placed on one and the same bed-plate, the piston rods are 
cottered to a single cross-head, from which four side rods extend to two heavy fly- 
wheels. On the fly-wheel shaft two eccentrics are placed for working two vortical 
levers, to the ends of which are attached rods for shifting a variable expansion and 
an ordinary steam slide valve. The chest containing the valves is on the top of the 
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•team ^linden. The hand-wheel for varying the admission of steam is shown im- 
mediately over the piston-rod. The engine is provided with a pump for forcing 
water into an accumulator {^fig. 2483), which in turn delivers.water under eon- 
eiderable pressure to a water jacket surrounding the air cylinder and to spray j'eto (see 
2485) into the inner part of the (^linder. The inlet and outlet valves in the covers 
of the air cylinders are of brass provided with leather beats. The stroke of the engine 
is 8 ft, diameter of abr cylinder SO in., speed Of engine 40 revolutions per minute. 
The theoretical quantity of air at 00^ lb. pressure, calculated at 70 per cent of the 
cubic cemtents of the Stroke, is 38 cubic feet. 

Thr€i<gUnd€r Compreaa&r . — At the Bushen Mines, Isle of Man, a three^yUnder 
air eompreesor is erected for the purpose of accelerating the sinking of ah en||^e» 
shaft and driving a main level on the lode by means of three DaBunovoit braihg 
msrhinift "BWb <^linder is single-acting, the piston rods being connected w'.fh a 
Ihree^throw (see fig. 2481)« The cylinders are fixed in a water tank, while jets 
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•f water play into each cylinder during tiie oompromion of the air. The inlet and 
outlet Talrea are cet in the cylinder covert, the outlet pipe to air receiver being in 
oonuection with each cmtlet valve chamber. 
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jDiameter of each piston 13 luchet 

Stroke of piston 13 ,, 

One suction valve in each cover, internal diameter 6 inches . . 19'6 inches area 

Two discharge valves in each cover, 
diameter 8 inches, equal 7 inches 2482 

area x 2 14 iuchot area 

Theoretical volume of air per stroke I'SS cubic feet 

Or, for the noup of three cylinders 4 14 „ 

At a speed of 60 revolutions per 
minute three cylinders will afford 
4-14 X 60 .... 207> cubic feeU 

Volume of air compressed to 60 lb. 
per inch at 70 per cent ot the 
oontente of the stroke . . cubic feet 

Fiff. 2482 is a diagramatic illustration of twin 
steam and air cylinders mounted on an air receiver, 
especially useful for the completion of contractors’ 
work when it may be undesirable to erect compressing 
plant of a mrinanent character, a, fly-wheel shaft ; 

6 6, fly-whe^ ; c e, sweep tods ; dt ^ety valve on re- 
ceiver; ee, ateam cylinders ; //, ro^ connectinff steam 
and compressor mtons; gg, suction and delivery 
valves ; nh, air lyliiiders ; i i, nipwfrom air cylinder to 
air receiver; k, stop valra; 2, air pipe main, 8^ in. 
diameter, aztei^ng from air receiver to the rock- 
boring lliaehinee. 

The air qylindere of a compreeior arranged as 
ehown in Jig, 2482 fbr diivi^ McKbak’b four-inch 
cylinder bmg machines at ^sitniog. North Wales, 
ara 16 ja. diameter, 24 ft. etrdke, double •acting, and make 60 strokes per minute. 
The theocetioal, quantity of air compressed to 60 lb. per inch, at 70 per cent of tltp 
cortanta of the stroke, is 146 cubic ^b. 

^eeiNiuriator.^For the purpose of delivering a continuous jet of water to the air 
i^Undersi no matter what may be the required tension of the air, DaBLinaiOK i 
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tiiDM an aoenmulator {Jh, 2488). This apparatui oonsista of a wefchted 

plnngar with a valve and lever at the bottom. 
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The accumulator le flz^ iu any suitable position for receiving water from a plunger 
worked by the steam-engine or other motor, and fur delivering such water to the air- 
cylinders through spray-nozzles. 

^ The illustration shows the inlet-pipe from the engine-plunger, the outlet-pipe to the 
air cylinder, pressure- weights surrounding the cylinder, suspended from the plunger 
head,^ relief-valve at the bottom of the cylinder, valve-lever lifted by means of one of 
the side rods, and a tank for r^eiving any excess of water which may be charged into 
“^®®^®j4lator cylinder. This apparatus was drst applied to the Moonta compressor 

Instep of on accumulator, water may be returned to the compressing qrlinden from 
the receiver, or water may be forced directly to the air cylinders by means of a force- 
pump arranged for that purpose. 

Sjpray addition to the water-jacket which frequently surrounds the air 
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A fbnn well eoited for quioklj ebeorbiiig tJie beat expreesed from air during ita com- 
preflaioa. 

2486 ahowa a nocile aa eonatnicted for ranoua compreaaora, and fig. 2486 the 
minner in which the noariea mav be applied. The detaila of the noaale are anfflcientljr 
well ahown to require no explanation, it bei^ merelv neceaaary to obaenre that 
the diaphragm plate at the end ia poribrated wiUi amall holea in auch a w^r aa to 
direct one jet of water againat another, ao aa to break the jeta into apray. The water 
ahould be forced into the noaale-piece under consideiable preaanre. 2486 illua- 
tratea two noazle-piecea fixed near the end of tin air cjrlinder. 

(6.) Beceiver and A2r-ptpeM.—Th9 rt'ceiver and air-pipea ahould be of auffleient 
capacity to annul the effecta of the irregularity which might exist between the pro- 
duction and consumption of air ; in other words, to run the boring maehinea steadily 
without much variatiou of pressure. The dimensions of the receiver, aa well as the 
pipes, ought, therefore, to be in relative proportion to the number of machines to be 
worked, we cubic contents of air requisite for running the machines within a given 
period, and to the charging power of the compressor. No exact rule can be laid down 
for determining the dimensions of the receiver, but if its capacity be eight or ten times 
more than the volume of air required per minute for the uae of the machines, it will 
probably be aufllcient. Large receivers and air-pipes are desirable. The boring- 
machines, when well supplied with air, will not only deliver their blows more uni- 
formly and with the desired effect, but the friction in passing atr through large pipes 
from the receiver to the machine will become inconsiderable. The form of the re- 
ceiver is a matter of small importance. An old boiler will effectually serve the 
purpose, provided the plates be strong enough. The receiver may be pla^ in any 
Buitable position, near to or distant from the compressor, and to stand vertically or lie 
horiaontally on the ground. At the Friedrichsegen Mine, in the lahuthal, the re- 
ceiver, about 30 feet high, is placed on its end, the relief-valve being at the top, the 
water circulating pipe at the bottom. To render the receiver complete it should be 
furnished with relief- and stop-valves (aeafig. 2487), and if in connection with a wet 
compressor a blow-off cock and a pipe for returning water to the compressor cylinders, 
nnlesB fresh cold water is available for that purpose. In such cose the receiver should 
be fitted with an automatic arrangement for discharging the water when it attains a 
given height within the vessel. 
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Table of Beccivers. 







Fresmure 






TotiU 

em- 


LooaUtioi 

Oomprenon 

employed 

No. of 
Com- 
pruHOrt 

No. of 
Re- 

coiven 

Oontenta 
of Re- 
ceivers In 

DriU 

Mocblnes 

employed 




Oub. Ft. 

perfl^ 







In. 







Lb. 


Mont Cenia 

SoMVBiLtBa's 

8 

14 

28,000 

00 

Sohubillbr's. 

Vieille Montagne 

fDrycompres- 
1 sor . 

1 

1 

180 

30 

Bach’s, 

Saarbriick 

Humboldt . 

2 

3 

740 

60 

do. 

Marihaye . 

SomfBILLBR'a 

2 

6 

4.260 

76 

/ Dunoifl and 

1 Fbantozs*. 

Bonebamp 

do. 

2 

1 


67J 

do. 

Ansm 

do. 

2 I 

2 

1,460 

46 

Various. 

Blaiiay • 

rSOHKBIUBR’a 




46 

/BARLUfeVOM, ! 

\ and Blanay 

1 



\BUnsy. 
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‘ 

■■ 



Piemue 




■Hi 


Total 

em- 


AessIltlSB 

Oompranms 

employed 

ESSil 


Oontanta 
ofBe- 
oelven in 

DriU 

llaclilnes 

employed 





Oub.Ft. 

perSq. 




■n 



In. 







Lb. 


Bt.Gothard,Gd8- 
ohenen . 

^ Ooixadon's . 

0 

4 

1.460 

90 

r Fbbboux, 

< Dubois and 

1 Fbam^ois'. 

Ditto, Airolo . 

do. 

9 

4 

2,226 

90 

McKban*8. 

Minera 

Daultkoton's 

2 

1 


60 

Dablinqton’b. 

Harbslla . 

do. 


1 

260 

60 

do. 

Ballacorkish 

do. 1 

1 

1 

260 

60 

do. 

Foxdale 

do, 1 

1 

1 

300 


do. 

Wheal Agar 

do. 


1 



do. 

Moonta . 

do. 


1 

— 


do. 


( 0 .) Air-Pipes , — OompreBsad air must be conveyed in pipes from the receiver to the 
bonng maohinee placed at various points underground. During this transmisBiou a 
loss of work is occasioned by the friction of the air. The results of numerous experi- 
mentB to determine the value of the loss thus occasioned show — 1. That the resistance 
IB directly as the length of the air main. 2. Tha^ it is directly as th^square of the 
vdocity of flow. 3. That it is inversely as the diameter of the pipe, ^e fomiula 
established from these results and conclusions show that for air-pipes of the diameters 
usually employed, and for the distances prevalent in mines, the loss of motive force 
due to the friction of the air in the main is insignificant when the velocity does not 
exceed 4 feet a second. 

The pipes to form the permanent main from the receiver to the boring-machines 
mav be of cast- or wrought-iron, but in either case they should be provided with faced 
and scored flanges. Cast-iron pipes are obtainable m 6 or 9 feet lengths ; wrought- 
iron pipes in l2, 14, or 16 feet lengths. If wrought-iron pipes are to be used, cast- 
iron flanges may be screwed or soldered on the ends. Bufore cast-iron pipes are 
placed in position the interior surfaces should be well flushed with water and swabbed, 
in order to remove any loose sand or scale adhering to the sides. To complete the 
operation the interior eurfaco should be covered with a non-corrosive paint The 
inside of many a boring-machine cylinder has been partially destroyed through 
neglect of theee eimple precautions. The pipe-joints are readily and effectively made 
by means of a flat ring of vulcanised rubber. The expansion taking place in an air 
main is best taken up by means of a running joint, or by introducing a short bend of 
copper pipe. In the levels the main may be laid on the sole, or hung on the side 
towards the roof, the latter being a position frequently preferred. In some cases it 
will be usefhl to place one or moie c^s on the main ; one fixed at the commencement 
of the ' advancing ' or terminal pipe is ^moet necessaiy. The advancing pipe is in 
some instances formed of one pipe sliding within another (/^. 2488), the inner one 
being drawn out as the forebreast of tiie level is advanced. To the end of this inner 



pipe is attodied tbs flexible liose for oonneoting the pennanetit iHlh the tMvfoig 
jDeehiuee. 

When tunnele have to be driven a long distance, and time ie of the greateii vnlwu 6 
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fMerrt Bunn ii MBMtimM fixtd to i«ppl7 ^ to tho boras during tha psriod whan* 
sdditioiisl wpSB mo being added to the principal or working main. In mataUiferous 
mines roek-^ng maehines will sesreeW be required to mrste at a greater diptanoe 
■ thad a mile from the seat of power, ana as the number of madiines will be srae or 
less limited for some time to come, pipes of less diameter will luiiloe than if the air 
is to be conreyed a distance of 8 or 4 miles, as in the case of ^me tonnds already 
executed. For the general main, pipes 8 inches to 4 inches diameter will be large 
enough ; fbr the secondary or branch part of the main, the diameter need not exeeM 
inches or 3 inches, whilst for bran^es from this part of the main, to connect a 
series of thra or four borers, the diameter may be reduced to 2 inches : — 


Diameter of Air-Main. 

yirst 

Part 

BMoad 

Part 

Terminal 

Fart 

PlaxiMe ^ 
Pipee 

Bailfoay Headinga, 

Mont Cenis 

Inehea 

8 


Inchee 

4 

Inohee 

2 

Hoosao 

8 


— 

— 

Bt. Gothard, Goschenen .... 

8 


2| 


8t. Gothard, Airolo .... 

8 


4 

2} 

MuHconetcong, New Jersey . . 

6 


— 


Portakewet 

2 


— 

— 

Festiniog 

81 

H 

— 

— 

Colheriea and Minea, 


■ 



Anzin 

4 

HH 

21 

2 

Itonchamp ...... 

H 



2 

Mari hay 

8 



2 

Blanzy 

6 

2* 


— 

Vieille Montague • • • • . 




2 

Fnedrichsegen • • • • . 




2 

Stahlberg 




11 

Cwmbran, Newport . • « . 

2^ 




Marbclla, Spain 

4 


2 

1* 

Maesteg, Bridgend . • • • . 

4 



Wheal Agar .... 

8 


8 


Miners .... . . 

8 


8 


Corn Brea ...... 

8 


2 

1 

Ballacorkish ...... 

8 





Foxdale .... . . 





1 

Dolcoath ... • . 

2 

11 

11 

1 

South Crofty 

2 





Moonta, South Australia 

8' 

— 

4 

1 


(d.) BaUwaya . — In hunels or mine headings driven in Europe a single railway is 
genendly laid for the borer carriage, and waggons necessary for the removal of the 
a^6rM. In one or two instances the borer carnage has been placed on a irtde railway, 
and the atuff removed ^ means of waggons running on a narrower gaqge line. The 
advance headings in Europe scarcely ever exceed a width of 9 feet. In America, 
however, the whole width of the nilway tunnel is sometimes curied in the advance 
heading, which lenders a doable and spare line of lalli necessary. In driving mine 
levels ue gauge of the carriage rails may have to conform to the gauge of the waggon 
required fm the removal of the stuff. If no special considerations were nscessaxy 
other than to determine the best gauge for the borer carriage, the gauge might be 
fixed St to 8 ft, and the weight of rails from 18 lb. to 20 lb. per va^ In long 
headings, and where boring carriages are employed, it may be desirable to cut stalls 
at from 50 to 100 free, api^ for the lodgment of the carriage and boring madiines 
during the time of blasting the shot holes and effecting the removal of the stuff. 
Such stalls will also he found veiy useful fbr receiving the men during the firing opera- 
tion, fbr holdug the boring tools, machine oil, or, when electric blasting is smpkiyad» 
the appantoi aequirsd for igniting the fines. 


‘ To bsieplaosd by pipes 6 In. diameter. 
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1 PlaoM 

Gauge of Blngle 
RaUway laid in 
Middle of Level 

Width of 
Advance 
Heading 

Height of 
Advance 
UewUng 

4na of Heading 
in 0qiMM 
Feet 



Ft. 

In. 

Ft. in. 

Ft. 

In. 

Ft. In. 

Mont Cenis 


3 


9 10 

8 

6 

81 

7 

8t Gothard, Goscheneu 

S 

3 } 


8 

2 

72 

2 

„ Airolo 


3 

sl 

8 6 

8 

2 

09 

6 

Vieille Montagne 


4 

0 

7 4 

7 

4 

63 

0 

St. Leonard’s 


1 

lU 

6 7 

6 

7 

48 

4 

Marihaye . 


1 


7 3 

7 

3 

52 

6 

Ronchamp 


2 

14 

7 8 

7 

3 

62 

6 

Ansin 


1 

11} 

7 10 

7 

3 

66 

0 

Friedrichsegen . 


2 

0 

7 0 

7 

0 

40 

0 

Blansy 


.4 

3 

7 0 

7 

0 

49 

0 

Gotbardbahu 


3 


7 0 

7 

0 

49 

0 

Morbella . 


2 

4 

7 0 

6 

0 

35 

0 

Gwmbrun . 


3 


10 0 

7 

0 

70 

0 

Maeeteg 


- 

— 

10 0 

9 

0 

90 

0 

Musconetcong . 


4 

0 

27 0 

8 

0 

216 

0 

Hoosac Tunnel . 


_ 

_ 

24 0 

9 

0 

216 

0 

Portakewet 


1 

8 1 

8 0 

8 

0 

64 

0 

Minera 


2 

0 1 

6 6 

7 

3 

47 

0 

Grybrook . 


2 

0 

6 0 

7 

0 

42 

0 


(0.) Carriagea , — The effective working of rock-boring machines is more or less 
dependent on the construction and weight of the carriage on which they are mounted. 
If the face of a heading be of moderately large area, and the work is to be done 
quickly, several machines must be mounted together in such a manner that each can 
Cerate on a small but distinct portion of the face. Further, if time, as it always 
should be, be of primary importance, the fastening of the carriage to the sides or roof 
of the level may be dispensed with ; but in such case the carriage must be of sufficient 
weight to absorb the recoil of the machines when in fiill operation. When a large 
number of men are employed in connection with the boring machines, it is important 
tosarefrom 15 to 20 minutes in fixing the carriaf^. If four 'cuts’ or 'advances’ 
are to be made in 24 hours, as at St. Gothud, the time occupied in simply fastening 


and unfastening the carriage would be 2 hours, or 12 hours weekly. On 

the other hand, a heavy cumbersome carriage in a mine level would be scarcely 
admissible ; nor is it of equal importance in point of economy as in the case referred 
to, since it must always happen, with the exception of some i>articular work, that mine 
headings will be driven by fewer men, unassisted by the ' fast speed tackle ’ emplt^ed 
in railway and special tunnelling. For mining puimoses, therefore, the conditions 
bare suggested a lightly-formed carriage, with meana for fastening it to the aides or 
roof of the level, and an arrangement of vertical or horisontal bars, constituting a stand 
for eartying the machines. 

In runnii^ boring madiines it is either necessaiy that the tools shall have veiy 
easy play— jn other words, be free from any restraint to take the line of the hole — or 
that the machines be rigidly attached to the retaining bars, so that the tools cannot 
deviate from the direction of the hole. If, in the latter case, any movement from the 
forst position of the machine should occur, the tool will drag and grind itself on the 
side of the hole, the force of the cutting blow will be more or less dissipated, or, 
Mrhape, the tool will bind and stop the machine ; while a tool worked in tins way, 
dimrived of its eomers and ronndea at the point, will form a taper, not a parallel, 
siaed hole, and cause the next tool with its fresh cutting edge to wed^ itself tight in 
the taper part of the hole referred to. The proper construction of rae eairisM and 
attachment of the boring machine is, therefore, a very important part of ro^l^ng 
apparatus. 

aaovy Carriagea , — The Hont Oenis carriage held the boring machines, and irith- 
stood the reactive force erf the blows by its WMght alone. This weight was 17| tons. 
While the machines wcra at work one or two of the workmen fi^uently placed a 
piece of timber between the carrisge and roof, to prevent a backtraid mofcsbent of 
the carriage. The boring machines were articnlated to vortical bars, and aQowsd to 
play to and from the line of the holss. At St Gothard a similar method of lapaatiAg 
the machines was adopted. At the oommeneemont of the heading a carriaM weigfaiiw 
from 4 to 6 tons was employed ; but this was found too light for resisting the force 
the blows, and a heavier carriage was subsequently adoptra. 
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LM 8tandt,^A DAnuiniTOir lUad, employed for driringmineheedingi, is ooa 
posea of a rertical end two horisontal The Tertical bar is elamped to the roof 
daring the boring operation ; the side bats are set so as to require but once shifting 
to bore tito whole number of holes. In order to use this stand with eaee and facility, 
it is taken to and £tom the forebreast on a small trolly arranged fur that purposa 


2489 



This trolly is also fitted with a small platform for holding the boring mach1n^ as 
well as an air cylinder having one inlet iVom the air main, and two ouUets, one con- 
necting each machine by means of a short piece of rubber hose. The arrangement of 
this stand is such as to admit of boring the holes and blasting the ground in vertical 
or horisontal 'cuts ’ as may be desired. 

Fiff, 2489 represents a vertical side elevation of the trolly, clamping eolunm, the 
machine arms, and boring machines. The column is shown attached to the trolly, 
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Iwt b^on the miehinss are set to work it is disconnected, and the tioHy shifted 
about two foet to the mar ; this aeration of the trolly from the column albwf libi 
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infin to eiieidttte freely from one side of the eolumn to another. When the machine 
•tand if to he withdrawn, it is detached from the top and sidee of the levels clamped 

2491 



to the trolly, and dropped, bo 
as to be at an angle of 46*^ 
or thereabout to its vertical 
position on the bench of wood 
shown on the trolly between 
the column and air cylinder 
the machine arms, with the 
machines attached are turned, 
so as to be on the wooden 
bench referred to Fw 2400 
represents a vertical front 
elevation of the stand with- 
out the trolly, the boring ma- 
chines in position, and the 
holes supposed to be bored. 
To drill these boles the upper 
and lower arms are undamped 
once during the bonng shift, 
turned, and clamped to the 
opposite nde, these opera- 
tions, together with the ang- 
ling and traversing range of 
the machines, suffice to secure 
the requisite positione for 
drilling the holes Flg^, 2491 
shows the stand and trolly in 
plan. In this view the bonng 
machines, honeontal arms, air 
cylinder, platform of trolly, 
ud rails are clearly shown. 
The method of bonng the 
holes from a fixed point on 
the bar aim^ by angliog 
the machines Is also vandsifa 
apparent The fkoe of the level 
exhibits twenty-eight b<diM« 
These holes, each about M 
ifrcp, are bored m cilicious limestone in from five to six honn, three men being neotssnrgr 
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•p-jfii. on* naa toaaoh machine, and one man between the taachinee, the machine bare, 
andtheihae. Thedntiea ofthie third man are— to change the toola, oil the piaton-roda, 
dixeet the *UtB* on commencing the holee, and to eupply the holes with water. A 
second fbrm of light stand for canytn^ two boring machines, arranged for dnlling 
holes parallel to the sides of a heading. Is shown in fig, 2492. The stand includes 
two emoal columns, with a serew-tuead cut on the surface of each, these columns 
being braced tether at the bcttom. a a, nuta for keeping the machine clips at any 
deri^ pceition ; 6, piece of timber upon which the column resta when in its working 
position ; e, jack-heads for screwing &e columns that to the piece of timber, d ; pp, 
clips to which the boring machines are fiastaned. In using this stand the clips can 
be turned around the columns, ao aa to allow the machines to work on either of the 
sides, while by loosening the set screws ou the clips, and dropping or raising the nuta 
imm^iately under them, any vertical position in the heading may be secur^ ibr the 
boring madbines. 

Blaney Stand.— This stand (fig, 2498) is employed at the Blan^ Mines, Montceau- 
les-Mines, France, for the pur^ae of running four DAnuMOTOM boring machines in 
Hingle headings. It consists of two vertictu screws, a central yerti^ stay-piece, 
four horizontal arms, one for each bonng machine, and a wrought-iron carriage xr^e 
Bupported on four cast-iron wheels. In order to bring the machinea to any required 
point on the face of a heading, the machines are not only free to slide on the short 
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lioriaontat bare, hut the beam themaelTea can be raised or lowered on the vertieel 
screws bw tuning the nuts underneath the boss ends. The distance between the two 
verticdl hare is gotbrned by the intended width of the level. With a 2 ft. 2 in. gauge 
of railway, and a level 6^ ft. wide, the screw columns are 4 ft. 8 in. apart from centre 
to centre ; and the horiBontal or boring xnachbe anus 2 ft. long. This form of stand 
admits of boring the ehot-holes so as to remove the ground either by vertical or 
ooneenfric 'cuts? 

Sht^^ikikiiitg fitonds.— Hitherto most of the boring machines employed ibr diaft- 
siiAdag purposes have been mounted on a stretcher-bar. In the year 1874 BoBOta 
and FaaKqois constructed a stand for sinking a pit 10 ft. diameter at the Weristes 
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OoHiery, Belgium. The etand, 24 ft long, was formed of a woodon framework eon- 
■titwliiig lie upper part^ two vertioal bars axtendins from the framework to the bottom 
of the ehaft, and two horiiontal bars, set 11^ it. from the floor of the shaft, for 
oarniag the machines. The horisontal bars were not fastened to the sides of the 
ehai^ but the ends were clipped in an iron ring attached to the under part of the 
woodro frame. 

Stnteher Bar . — ^Thia bar is simply flzed a^inst the sides or rc^ and floor of the 
level, by merely lengthening it when in position. The machine is fixed to this bar 
by means of a clamp, which, when loosened, allows the machine to be directed at the 
desired angle. In order to use the stretcher>bar the machine must be very ligh^ 

7%s Dahlinoton Shqft->iinkinff Stand . — At the Miners Mines, North Wales, it was 
necessary in the year 1876 to continue the sinking of Rbau's Shaft from the two- 
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kundred-yaid level, and to do the work quickly 1^ means of rodt-boring ma(^ei7* 
The shaft contained a pump 8 in. in diameter, and a single kibble way. The diameter 
of tho sltaft was 8^ ft. Two rook-boring machines were the most that could be 
advantageously emidoyed. For the purpose of saving time, obtaining a rigid resis- 
tance to the action of the maohines, and shifting the machines readily from one part 
of the bottom to another, a vertical bar and two horisontal rotary arms w^ 
employed, see Jig. 2494. The stand is used thus : -The horisontal arms are sst If ^ 
and the piece of timber for supporting the vertical bar 6 ft. from the bottom of the 
shaft. The anni are then clampiM to the sides of the shaft, and the boring madunss 

worked and shifted on the bar, so aa to bore the holes rfiown in toe sectapn. 

When the whole number of hoks are drilled, the bars are undamped, the veniw 
tor loosened from the stay-piece of timber, and the apparatus lifted 20 ov 80 ft 
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Am booh m Um ihaft bottom it ehoiod, Bay to o depth of 8 ft. for a Boeond boring obift, 
the bar k dropped to the bottom and damped to the Btay^pieoe, thia time 9 ft. from 
the bottom. Ab the Tcrtioal bar ie 18 ft. long, it follows that four ainka of 8 ft. each 
f n; be made before it u necesBaiy to place a Becond clamping piece within 8 ft. of 
the bottom. 

(/.) Roek-boring JlfocAtnea.— The first inyentor of a rook-boring machine seems to 
nave been TasriTincx. In the year 1818, when his attention was directed to the 
Bubject, Oomwall was not only the chief seat of mining indusbiy, but, through the 
startling improvements effected in the steam-engine by watt, Mubuooh, Trkvithtgk, 
Woolf, and others, an impetus was given to mechanical inventions which extended 
for beyond the confines of the county, and men were stimulated at home and abroad 
to substitute as far as possible mechanical appliances for manual labour. Borne forty 
years, however, passea away before the laea of boring shot-holes by means of 
machinery was rendered practicable. The exigencies of the Mont denis Tunne 
induced BASTLarr to devise a steam roek>boruig machine. Later Soukuillbr 
invented the machine whi^ bore his name, and showed how it could be worked by 
compressed air. Following SoxmiLuiB's success in the Mont Conis Tunnel, Italian, 
German, French, Swediah, American, Australian, and Enffllsh engineers addressed 
themselves to the subject of inventing, contrivii^, and improving rock-boring 
appliances. Machines 10 ft. long, beset with complicated gear, are now replaced bj 
machines 8 ft. long, presenting little more than the cylinder, valve, and a forwarding 
device. All teal and permanent improvements have tended in the direction of 
increased strength and simplicity of parts. In more particularly tracing the develop- 
ment of inventors’ ideas for expediting tunnelling and mining operations, it will 
appear that they group themselves into — 1, forming the shot-hole by a revolving 
drill, and blasting the hole itself ; 2, removing the entire area of the heading without the 
use of an explosive, either by means of a huge percussive, or a pressure cutting machine ; 
3, boring shot-holes by means of a small perenssion engine. The failure of the first 
method, that of employing an ordinary steel tool in hard sllicious rock, was soon 
rendered apparent ; the tool, instead of abrading the stone, was almost immediately 
destroyed. The second method-^substituting mechanic^, for mechanical and 
chemical force, also proved olgectionable when applied to hard crystalline rocks. 
Apart from such macnines, blocking as it were the furebreast, the mechanical power 
required for performing the work was not only excessive, but the progress slow, and 
the greatest difficulty experienced in keeping the tools in condition for doing their 
work. The third method— the use of perousmon borers in combination with chemical 
force, is the one which has been, and is likely to be. attended with permanent success. 
In perforating a heading with the requisite number of shot-holes, only a minimum 
ex{tettditare of mechanical power is required ; the chief work, that of removing the 
rock, being effected by the superior agency of chemical force instantly developed by 
the detonation of an explosive compound. In a peicussion borer toe movements 
required to form a hole are of a threefold character — 1, a reciprocatory movement of 
the piston and tool to disintegrate the rock ; 2, turning the piston and tool during 
the reciprocatoiy movement ; 3, advancing the toolwis tho hole is deepened. 

In one or two machines before the public these movements are automatically 
performed, and such automatic movemente are deeirable when four or six machines 
are worked together; but the forwarding or advance movement will be liable to fail 
in its olgect unless the rock be of uniform structure and hardness. In other firing 
machines the automatic movements are confined to the reciprocation and rotation 
of the piston, while in some, the piston and tool are rotated by hand. When only 
a single Mng machine is in use, a merely reciprocatory movement may suffice, 
but tne rijeetion of a simple automatic arrangement, for rotating the piston and tool, 
is by no means desirable. In many cases the object of an inventor has been to make 
hie machine light, and of small dimensions. As the miner has greatly encouraged 
the idea df em^oying a light machine, it may be observed that this condition in itself 
has rendered light machines all but useless for practical work, and enabled the miner 
to cite instances of failure where success could hardly have beeu expected. 

To perforate a ihoe of rock quickly several conditions must be observed : — 1. The 
machigM must perform their work with certaiuty. 2. The number of machineB 
should OBBT some graeral relation to the area of the face. 8. Stands are requisite for 
carrying the machines, not only as a means to keep the ' bit ’ in line of the hole, but 
to admit of angling and shifting the machines quickly. 

Further, the use of stands will psrmit the workmen to exercise much freedom in 
^eir movements, and allow of the employment of machines whirii will run holes 80 
inches aesp wifrumt dianging the tool and from 6 to 10 feet de^ altogethsr. 
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NAm of Inventor 
of ICsohlne 

IHsmsfesr 

Area 

pi 

11 

Bomufei 


Book 

Bod 

FIs- 

ton 

Bod 

Piston 

for 

Blow 

Piston 

for 

Botnni 


In. 

In. 

In. 

In. 

In. 

In. 

In. 



Sack . 


1 

1| 

4*12 

2 i4 

6 



OSTIBXAXP 

s 

— 


7*08 

2*64 

4-6 


Sinffle-actinff | 

Fbrroux 

8| 



9*6 

8*7 

4-6 

— 


Darlimqton 

8| 

— 

Eti 

6*9 

8*7 

8-4 


Sinffle-actiBff | 

„ Blanzy 

3 

— 


mSm 

8*9 

8-4 

600 


Dubois & Frabcois 

2} 

— 

Qm 

6*9 

2*76 

6-6 

260-800 

•1 

ff 

McKbab • 

4 

If 


10 

61 

8-4 


II 

If 

McRkab 

8 

1} 

2 

5 84 


84 

600 

»i 

If 

Bubihioh . 


8 

in 

6*84 


6-6 


If 

ti 

Kaibotomob 



iU 

9-6 


8*-4 


If 

ti 

Barrow 

4 


— 

12*6 

ms 

4 

— 

tr 

ft 

Iibobrsol . 


— 

2^ 

9*6 


6.^ 

800-400 

If 

If 

Bhaumobt . 

4 

If 

ElM 

11*08 


4-6 

— 

If 

fi 

Dubb . 

3 


H 

to 

o 

8*92 

H 

msm 

II 

If 

Chaicpiob . 

8 

— 

Em 

7*06 



— 

If 

II 

SCHRAV 

8 

— 

tfl 

■rAiU 


8H 



If 

Gkack 

1 



7*66 


8{-4 


If 

II 


The Fbrroux Roek-BoriHg Maohim. — Thii machine, employed in the S^. Gk>thard 
Tnnnel, in ite general arrangement resembles Bomicrillbb^b machine, which was used 
in forming the Mont Cenis Tnnnel. In Fanaonx’s machine the tmple operation of 
driUing, rotating the piston, and advancing the tool are automaticallv performed ; but 
to obtain these movements the machine is necessarily of considerable length. The 
rotation of the tool and movement of the air valve are effected by meaai (n an oecil- 
latory engine placed at the end of the advance cylinder. The advance cylinder is set 
next to the oscillatory cylinder, and is fitted with a cupped leather piston, the back 
or superior end of which piston is subject to the pressure of the motive fluid. The 
percussion cylinder in front is fitted with a slide valve shifted by a rotaiT diso-sbaped 
cam. The front of the piston rod immediately outside the qrlinder gland is famished 
with an annular cam, the object of which is to lift a trigger lever from the ratchet 
bars, BO that the pressure on the fbrwarding piston may uunst the neronseion cylin* 
der and boring tool forward to such an extent that the trigger ena of the lever is 
advanced beyond the action of the cam, thmeby allowing the opposite end of the lever 
to drop into the ratchet bars, and thns stay the advance of the tool and qrlinder. 
Fig. 2406 : a advance cylinder, b forwarding piston, (^coupling, oonneoting piston rod 
of forwarding piston, with head of percussion cylinder, d inlet jnpe and cock, B head 
of percussion piston, r annular cam for lifting the forwarding trigger lever, o trigger 
lever. The motive fluid is suppUed by the main pipe d to the Mvanee cylinder by 
a small pipe m, upon which is a regulating cook r, to the oscillatory eyu^er by a 
email bent pipe, and to the percuesion cylindw by a paeeage in the valve box. Some 
improvements have recently been effected in tnie boring machine, shortening its 
lei^h and simplifying some of its details. 

fU DASLnniToir &fmg JlfaeftMs.— A screw boring machine is diown in Jig. S496, 
mounted on a stretober bar ; and a cradle aiadiine in Jig, 2409, attached to a level 
driving etand. In Jig. 2496 the cylinder, entirely round, is provided with a screw 
thread ; thia sorew-tlureaded cylinder passes through a clamping nut. In this maohine 
BO valve is employed; the pressure fluid is edmitted and exhausted by means of the 
piston paeein|, eultably plam portways in the cylinder itself. The gear for taming 
the pieton anil boring tom io set within the head of the cylinder, and the oook tor the 
admissicm of air is immediatslyjftnder’ the handle employed for advancing or with* 
drawing the tool find cylinder. TOe eerSw maehine^ Jig. 2496, is tormed of three perts— 
(I> the oyliflder, (2) the piston and its rod, (6) the taming gear. The number of 
itmas per minnCe may be rendered many or Um as nmy be required. A short lap on 
^ pieton will admit of making a great aimher of ehc^ etrokee per minute ; a long 
lap will afford a long atioke, but' the number of eneh strokes per mioKte will he pm* 
pc^ionally deeraa^ In tarn a light or kia^y blow may ^ obtalbed iiiflpfy by 
^rtly/olosiiig Or opening the inlet cook. Them advantegee are of great momeni in 
«p^yiq|^fae madrine to hard, soft, jmot^ or oavereene roeka,) k ffw e eu iwof 
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uaMtoM, BtM «Mh tb ■M toW BW of OM botiac Boehinoi dm* bm^ It iNt 
of hoot te tbt wtok oBdlog Hdrombo ^ I tTT. ogoiiat I or « iiot pnetiooblo ^ hoal 
IftbOW 

€1*010^ Btirimg 1864 OutL Sjlcvs wm ooeupled with Huwr O'Bilhbbs. 

ai Altaobeig, in parfMng voek-boriag SMcIiiiiary. About the y««r 1868 Bicm no- 
4aeed iho naohme whioh bean hia naaBO. Ob Daeambar 18, 1678, the maohme ia a 
pofectad fora wai patented in thia eonntqr* The lightnaaa of the drill haa indnoed 
maaian engineera to emploj it aomawhat aitenaitilj both in inaaalliforoua uinea 
and aoUieriaa. The drill am^jed in oidinary mine-lefala haa a egdindar, a,84 inehea 
diametar ; piaton rod, 8 , If ineh ; and back tod, 1 inch diamatar. Thia ?afva ia a 
aiiBpla plate, one fooo being on the portwaya laadiM to and foom the ^indav, the 
other retained bj a plate carrying the Talve arbor. The top end of the bMk of piaton 
rod eairiea a ring, to whieh ia attached a amall rod, j», for working the valta abaft ; 
to thia ia alao att^ed a horiaontal rod, which earriea two pawla— one for rotating 
the piaton, the otiier for adraneing the cylinder. The cylinder, a, ia mounted on two 
aide bare not ahown in the iUuatration. At a fluid preaaure of 88 lb. per aquare 
inch the piaton makea 400 atrokea per mintito, the length of etreke being 8 inohee. 
The blow preoaure ia 116 lb.; return preamire. 72 lb. About 48 eubie inchee of 
air or ateam are required per at^e, or 38 atrokea per cubic foot 
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The following reaulta were obtained with thia boring machine in a new ainkHig at 
Nornberg, near Steele, in Weatphalia. The ahaft, meaaunn^ 14*8 faafe by 16*4feet, 
was aunk in alate and aandy ahue to a depth of 241*8 feet in euc montba, or an average 
of 40'2 feet per month, ueing eiz machinee. The boiera of beat Styx^ eteal requiimi 
ehnrpening after boring from 8*28 to 8 feet and under the moet favourable ccmAtiona 
a mainline held out from thirteen to twenty-two aliifta without requiring to be removed 
for repairs. The proportion of machine- to band-bored holes was 2*72 to 1. The 
former averaged 8*9 faat in depth and from 1*2 to 1*8 inch in diameter, while the 
Litter were 2 feet deep and 1 inch diameter. Blaattng was effeeted with dynamito 
and safety foee. The total number of hands en^loyed at the ahaft bottra, including 
those employed in filling the kibblee with atufl; was from 20 to 24. Th* ecat par 
foot of thia ainking waa at flnt 61, fie. OA, but wa^aubaaquantly ndnoad to iL iSi 
eadnaive of the cost of drawing the stuff to anrfoce. With the same ait the 

Oardna Magnus Golliety, near Beige Borbaek, the average reault obta ned ia driviiig 
a level thx^h similar rock, 6*2 foet high and 7'2 feet bread, was feat par 
month. 

OsTUBKAiip^s boring machine waa patented in Bt^land on May 20, 1670. The 
machina otmaiats oaaen ti aU y of a oylinaer, a ; piston and rod, o ; piston-Talvo, o ; the 
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tod af the piaton valva, o, cairiaa a pawl on fta upper 

iBhihat whaM. wbiah wheal mCataa a — u. •naiT**"r 

blinder into the piston head, and pnoducaa the tuning nMuanwitt nquirad. The 
finder ia mounted on a aUda raat or cradle, not iUuatnited. Tna weight of an 


end, whUh opmtoa on n 
thnua^ tha and d tha 


So2 
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OimxAMP machiiie, having a piston 8 inohea diameter, piaton rod 2*6-1 Otha inehes 
diamatet, is 60 lb. ; weight of tripod stand, 60 lb. The machine bored a hole in 
coal sandatone 1^ inch £ameter, 8-lOtha of an inch deep, in one minute; and in 
the same time a second hole, f inch diameter, 1^ to 14 inch* The speed of the 
piston under a pressure of 80 lb. of air per square inch is about 200 strokes par 
minute. For particulars and illustration of machine see Specification No. 1466, 
a.n. 1670. The inventor designed the machine to be held to its work by a single 
miner. For some time it was used at a mine near EschweiUer, and at one or two 
places in Westphalia; but the reactive impa^ of the machine on the shoulder of the 
workman, as well as the difficulty of keeping the tool in a determinate line, were 
disadvantages which could only be obviatM ^ resorting to a mechanical mode of 
fixing it. 

Botary Drilli. — The * diamond drill ' of Liscbot, chieflv employed in America, 
consists of a hollow steel tube, in the ring-shaped base of which between twelve and 
eighteen diamonds are so fitted; that each of them grinds a senate circle and leaves 
a cylindrical cone to enter the tube. The rotary motion is effected by a small oscil- 
lating steam-engine, and the advance of a pair of screws by hydraulic pressure or by 
the dead weight of the rods. A jet of water, guided to the crown by the hollow rods, 
washes up the abraded stone. T^he process of sinking a hole consists in alternately 
boring, and, if necessary, securing the hole by iron tubes. As the steel part of the 
crown wears out quickly, the diamonds fall out frequently, which, however, can be 
easily perceived through the consequent vibration in the ro^. The loose diamonds 
ore brought up, after cleansing the hole with water, by a wax crown fitted in a steel 
ring. Other interruptions, arising from breakage in the rods, are rare. The rate 
of cost and time between different methods of drilling is shownJn the following 
table 



For DepthB to 

894 Feet 

787 Feet 

1182Jfeet 

Hand power .... 
Engine with etiff rods . 
Engine with rope • 

Diamond drill 

Time Ooet 

16 4 

7 4 

6 8 

2 2 

Time Ooet 

7 14 

G 6 

6 4 

2 2 

Time Oo«t 

8 3 

8 2 

1 1 


A comparison between percussion drills and rotary diamond drills shows that the 
latter involve a greater expense of 1*76 per eent. 

Jobdam's Patmt Pneumatio Bock DtiU^ which is driven hand power, has only 
recently been brought under public notice, the patent beinp; obtained in 1877. 
It is a madune of a different type from those previonsly described, inasmuch as its 
oljeet is to apply hand labour in the most ^ective manner ; aud although very much 
hiU been done, and more will probably be done, by the use of power drilling ma- 
drines, yet it appears by the demand that there is amjde room for this new oompe- 
tition for public favour. Its obvious advantages are that it avoids the heavy outlay 
requisite for putting down a series of power-dnlling plant, that it occupies but imsil 
space, r^uires no external connection with other aM distant apparatus, and, there- 
fore, being self-contained, may be moved from place to place, and at once used in any 
situation lar|^ enough to contain it. 

The machine is made in various forms, to suit the different conditions under which 
it has to work fas shown in the illustrations); but the power oylinder and drill bar, 
together with all the ports requisite to give rnodon to the tools, are of predsely the 
same construction in each case. 

The power cylinder of the standard patterns is 84 indies diamsleir, and is fitted with 
a piston and tubular rod of stssl, whioa works freely through long gtands at top and 
btatom of the cylinder ; the top of the ^linder is ip tw6 puts, and contaiBS a Cnp- 
leather packing round the piston rod, whicb prevents sny sseaps df the air oontaliiM 
in the cylinder. 

The piston is sligfatty cupp^ in its upper surfres, and is packed on this surihee 
only with a disc of letter, wmeh fe of rathu grwter ^mstov thiw the cylmdtos, io 

loam, which seiiwa on the piston rod, its kges tom up against the oylitkfer ani Aito 
n parfwtly air-tight joint, with the leaat possible friction. 
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Th« »«n aT tiM tnbiilM Dif toii*?od. •1)0V» dateribed, ii flttad wHh a Ufttnff block. 



lo-wer end. The bar is screwed for about half its lenftth, and the other or lower half is 
Biz-sided, and fits thzongh a cap of similar form on the bottom of the tubular piston- 
rod, so that it must turn with the piston, but may haye independent longitudinal 
motion through the centre of it. 

A somewh^ similar arrangement admits of the long nut on the drill bar taming 
with or stooping on the bar, while it is always at l 4 herty to trayel through the beru 
wheel whicn gears it with the feeding-handle. 

The requisite motions are giren to the drill-rod by two earns on the wheel shaft, 
and this is put in motion by men at the wimh handlM ; it is found that from 160 to 
160 blows ner minute oan readily be made, and that the rate of progress in every 
kind of rock is far greater than is possible by the usual methods of nand-drilUng. 

Having folly deseribel the details of oonstmetion, a few words will suffice to make 
dear the action of the machine and its a^ustments for work. If either the barrow 
or the tripod form of frame is in use, it is remiisite to load it with the weights pro- 
vided before eommencinff the work ; but if the driving or column stand is used this 
is not requisite, baeauae toe machine is then seeuxdy fixed by a jack screw between 
the fioor and b^ of the level, and with tois or the barrow stuia the drill bur may 
be adjusted to bore at any ang^e or in any direotion. 

The madiine having bm properly fixed fi>r drilling the required hole, and the tool 
having been brought in contact with the rock by turning the foed handle, toe opera- 
tion OT dzOling ie etarted by the men at toe winch handlu turning them at the rate 
of about 60 revolutieoi per minute. 

Bv revblviitt toe whem abaft the came are brought into contact with the bottom of 
toe lifting bloui; and it^ together with the putoo, foeding nut, and tool, is raised 
4 inCbeCi andthea inetantly raleaeed to atrike the fiiet blow ; the foiee of thia blow ia 
dsnendant on toe amount of oompreaeion to which the air confined be^ean ^ piston 
Bad toe fovwr of the cylinder is suMeot, which mayjbe so adjusted as to give a pressure 
of 8/tir 4 atnioepneres on the area ta toe piston, Reaction of the cam on the Hlting- 
Untk not only raises it through tbs lengto of stroks, but it also turns it a little, and 
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tlras gif fi th* tool a nav Mltkm for tho follewing blow ; and if tba food aat ii 
pro««atid from tuiiiiig bv lU gear, ii alao advaneoi tb« drill bar through the piitoa 
sod and girea the loqairad progreuiTo motion to the tool. It ie obrioui that thia 
pr o gr aai of the drill mnat haye a different rate for loeks of different hardneae, and tho 
maana of ragnlating this ia auppUed bgr a frietioa olnteh ao arzaaged aa to free the 
■at altogether, ao that it turna at the aame rate aa the acrew, in whieh eaaa there ia 
BO pogreea of the tool, or the nnt may be entirely atopped to aecure aufflciently rapid 
feed for the aofteat rock, or by partial stoppage of the nnt a^y intermediate rate of 
feed is readily attained. 

(p.) JRoek-oorinff Ihols. — The method of fixing the tool to the end of the piston rod 
has reoeiyed a large amount of attention from inyentors. In 1866 Jobdah and 
DABLuroTon introduced a loo^ clip. Later a binding-ring come into use. Improye- 
ments on these methods ore in progress, the object being to retain the tool with the 
axial line (ff the piston rod with<tut resorting to rings, oli^, or set screws. The form 
of the boring bit has also undergone radical changes, in some instances rendered 
necessary not for the pur^e of filing a round hcde^ but for nentralising the im- 
perfect action of the turning gear employed. The following figures (2601) whieh will 
explain themeelyee, show *mts’ of various forms, the 
use of which is advocated by inventors of various rook ^1^02 

drills. 

2601 


IMIll 


Another form of tool for drilling centre or rupturing holes is shown injig. 2602. 

The bit, Z-ehaped, ie of the same eise as the ordinary drills ; but it has also an enlarged 
part, arm^ with a ^shaped cutting edge, 4 inehee diameter. The length of the boring 
tools will depend upon the depth of the intended bole. At Ronchamp the longest 
bole was 0| foeL At St. Gothard it is about 6 feet, while at Muscouetoong Tunnel, 
New Jersey, the leading holes were usually 10 feet deep, the longest 14 feet. 

la ordinaiy mine heedinge, and in the employment of oompi^iyely email boring 
machines, the diameter of the boring eteel may vair from f ^ 1^ inch. For 
rupturing the rock with No. 1 dynamite, or Baaiii’e No. 1 pa<a^r, the hole at bottom 
ncM not exceed 1 inch in dimeter; but if seoond-olaes dynamite or eompsee^ 
powder be employed, the hole in that ease should be lexger. In changing a boring 
tool, care must be taun that the outtiu edge of the tool to follow ie not wider than 
the intact cutting edge of the tool withoiawn. In the tool withdrawn it will be often 
found that the ooneie have been partly removed ; the outtiag edge of this tool is, 
therefore, that portioD not rounde^ but roughly parallel to the face of the hole. 
Uauy instances oeouired in the rudimentary st^ of machine borii^, when machines 
were sieged to be ueeleee — the foct having been that the cutting edge of the tool to 
follow waa wider than that of the tool withdrawn, which tool, for^ into a conical 
part of the hdk nepeesarily wedged itself foot, thereby rtop^qg or retaidii« the 
working of the machine. As a oomnon rule, the width of the oifihseat eeibi of boring 
tools at the points should vuy from Atbs to ^^e of an inch from each othar ; or if 
t^ leading acts of tools are 14 inch wide at the point, the eeeond or * follower' set 
may he U inch, end the third 1 inch wide. No rulg can be etriqtly laid down for 
detaining the time and power requisite to bore holee of varying diamster; but 
expesienoa aoeina to ahow that if a hole 13 inohee de^ aqd 1 ineh diameter takes 
4 minutes, a hole 2 inehee diameter and of like depth, bored with the sane meshiaeb 
and uader the same eoaditiooe aato M ea su re of air and speed, will require 16 mhmtei. 
In ether words, the meehine and fluid pressure being the saae^ the tima and Mer 
reqniisd to bore holes to a given depth are as the square of the diameter of the n^ae^ 
It IS, thersfoi^ of oooiidirable importanee to keep the diameter of the shot hole aa- 
arnsll as p sei i b l a , snd to s upplsment meohanieal powar by employing strong rnpfrging 
fxpkiifis. 
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TnuMIcrlCiia 

HMUaMSBiploridl 

Hadhlaee 

weridat 

togmtor 

foWeiwve 

terttnUN 

rveanm 
AIrniK 
Bn. la. 

icimefM 

Xont Genie . 

Sosaanxn’a. 

10 

7 

90 

Z 

StGothaid . 

( IWmoex's, Itosoatl 
{ and Fnaiiooiir, > 

0 

8-8 

90 

X 


Imaaou'i • 

6 


60-70 

X 

Maseteg 

BnauKoiTT'a . 

2 

— 

60 

Semi-etreular 

Cwmbran 

lUcKMufo . 

9 

1 

70-60 

Flat tool 

pOTtskswet . 

GuaoB’a • 

9 

9 

60 

X 

Saarbrock 

SaoB^ . k 


6 

60 

Flat tool 

Bonohamp • 

Dubois and Fmaw- 
oora* . 

4 

1 

67 

XandZ 

Blaney • 

DasLiiRiTosr’a. 

4 

none 

46 

flat tool 

Minera 

n 

1-9 

N 

60 

II 

Hallaeo^iah 

It 

1-9 

II 

46 

M 


(A.) Wafer to Boro /Toltf.— In borioff ihot holei^ partienUrlT daep ontty, in argil- 
laoaoiu roek» it is naceisaiy to romoye the alndge aa aoon at it u formed. If thia bo 
not attended to. the rate of boring will materially leaaen, and perhapa ceaae altogether, 
inaamuoh aa, inataad of entting or diaintegrating the xo^ the tool will operate on a 
cushion of c^y or sandy materiaL An apparatus employed for the purpose of wash- 
ing the stnff nom the holes consists of a eylindrieal yessel mounted on a trolly, and 
placed to the rear of the trolly carrying the frame on which the boring maehines are 
mounted. Fiffo. 2608 and 2604 show this yeasel in cross aeetbn and lobrntudinal 
elevation. A manhole is fitted with two pipes, one opening into the vessel, Sie other 
extending to the bottom of the vessel. Through the former odmpreaaed air enters, 
and exerts its prsaaure on the suifaee of the water; thron^^ the latter water is 
forced, and finds its exit at the and of a ixnzle held at tiie mouth of the hole which 
is being drilled. To regulate the flow of water, a smidl cook is fixed just behind the 
nosde. The rate of banng a dir and wet hole variee firom 1 to 1*6— that is, it takes 
one-and-a-half times as long to We a hole dry as to drill a hole with the affsistanrt 
ef water. A plentiful supply of water will not only materially guiokeu the rate of 
boring, but it will eooaoBuse the use of power to a proportionate extent. 

9668 8664 



Out or 9Mt » — ^In tunnelliiig or sinking shafts by means of xodk-boring machinery 
it is necessary to eonduct the operation in some stWal manner. When roek-boring 
machiasi were firstintrodneed, the miner insisted upon employing them as a mere 
eubstitnte for the borer and mallet, and Ix^ng the holes so as ' to advantage’ of 

the Mood. The Msult» however, proved unsatiafantoiy. Not oi4y was the 

. ued to fita positka fior the marine, to fix it, and to remove it excessive, but tht 
wwfc iaooBmUfhsa was not in proportion to its cost The engineers of the 
Onia Tunnel were the first to reoognise the foot that if power msdiiaei were to he 
BoeNeMlj adduAsd, the baud m^od of doing the work mnat ba disearded, and new 
eenditieM eatohuahied, A given number— ten machines— were accordingly groined 
tegtohar on a cannag^ the natnral rapturing lines of the rook di s regai^^ the M ye 
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drilled move or law with the aiial line of the headinff, the maehines and carriage 
withdrawn, the holea charged, the exploaive fired, and the stuff remoTed. 

TImnl aeries of opeiationa constituted an 'advance,* while in America, and in one 

or two English mines, it is known ae a * cat,’ 
and in ehaita ae a * sink.* The length of 
a out, or depth of a sink, must depend 
upon many conditions inherent to the work 
itself ; but if a level be wide, or the shaft 
large, longer outs and deeper sinks can be 
made than if these works were small and 
confined. 

O'.) Boring tko Solu.^Two distinct 
systems ef arranging the holes for blasting 
parpens in connection with rodc-bonng 
machinery have been introduced, vis. : — 

(1) The 'circular cut,’ which includes 
centre or rupturing holes, surrounded by 
shot holes more or less concentric with the 
rupturing holes, and angled so as to allow 
the ezpbsivo to remove a centre core, 
as well as the rock encircling this core 
{fig. 2506 and>^. 2606). 

(2) The ‘ square cut,’ in which the shot 
holes are mostly placed parallel to, or at 
right angles to, the side of ^level or shaft, 
the holes in each case angled so as to 
admit of the removal of a middle wedM, 
as well as the rock on each side of this 
middle w^e {fig. 2607 and 2608). 

(1) Oircular^out Sgatem, — F^. 2606 
and fig. 2606 illustrate the circular-cut 
^stem, first employed in driving the Mont 
denis Tunnel, and which is followed at the 
Marihaye Colliery, Belgium. The centre hole o is drilled by means of a double 
2<-shaped bit {fig. 2602), the point of which is 1;^ in. wide, followed by a wing-bit, 4 in. 
diameter. The centre hole, 4 in. diameter, is surround^ by four other holes, 14 in. 
diameter. These small holes are chaiged with explosive material, and blasted so 
as to rupture and crush in the rook on the centre hole referred to. Around these 
central noles ocher holes are drilled, and angled so as to enable the explosive to 
remove the rock in the form of concentric * cuts.* Twq of these holes, c c, are 8^ ft. 
deep, the remainder 6 feet deep. At Marihaye the levels, 7^ ft. hinh bv ft. wide, 
are each perforated with 24 or 26 holes. At Ballacorkish, where the shaft is 10^ ft. 
diameter, the centre or rupturing holes are dispensed with. The inner circle includes 
4 holes angled towards the centre, the second circle comprises 8 holes, the third or 
outer cirola 12 holea, which are angled as shown in fig. 2494. 

(2) Bquare^eut Musconetoong the tunnel heading, 20 ft. wide b^ 8 ft. 

bi^, gave a net area of about 176 square feet. This fsM was perforated with 86 
hries by means of rix powerful boring machines, each cylinder 6 in. diameter. The 
area of the fhee apportioned to each machine was 20 square feet. The number and 
depth of the holes to obtain a out of 10 ft., or an actual lineal advance of 9 ft., 



2606 


Out «... 

« . 12 holes, each 104 ft, deep. 

first square up . 

. - 8 

II 

12 I. 

Second „ 

• • 8 HI 

fi 

12 .1 

Third „ « 

• • 6 „ 

II 

12 „ 

Four roof-holes . • 

. . 2 « 

•1 ‘ 

rio I. 

1 8 ., 


Total . . 86 

The aggregate depth of the 86 holes was 408 lineal feet ; number of square ftet of 
beading one hole about 4*8-10ths. The followinff is Mr. Bumaa’s deseriptloii of 
driving by the aquare-ont system The method at blasting by eats is based ou 
cxtanoidinaxy force developM by a comparatively small bulk of e^losive matter. It 
consists in first biasring out an entering wedge or core, about 10 ft. deep at the esntre, 
MiT ii eubseouentlv snuaruiff up the sides by several rounds. To do this 12 holes Sife 
tot drilM by w maobines,^three on a ride, the hriee placed as shown in Af* fi/KV7« 
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ud niriud o, a Mns ih« lloof of th« haading. Then 12 holee an drilled, two and 
two. eix on a side, nich flrom to 2i in. *hits,* the i« 


two Beta being started abont 9 ft. 
'.'260d) as to meet or oross at the bottom, the 

• 2507 



2508 


apai^ and at such an angle (see . 
lAtgiat bit being pot in first. ' 
then ohaiged with abont 25 lb. Na 1 and 50 lb. 

No. 2 dynamite, and fired simnltaneonsl^ by 
fleotrioity. No. 1 is only used for ents, inas- 
mneh as in them a quick strong powder com- 
pressed in a small bulk at the bottom of the 
boles is required where the greater naistanee 
will be found, while the Na 2 added serves in 
filling up the holes, so starting the sides of 
the cut as the apex moyes— the out, a, being 
rut. a second round of holes is started for the 
first squaring up. as shown by the numbers 
1 1 1 2607 and 2608. 

In these and the subsequent rounds, 2 2 2 2. 
and 3 3 8, the resistance is pretty equally dis- 
tributed along the whole length of the noles; 
and as it is not so grMt as in the cut, No. 2 is 
used, AS in it the nitro-glycerine being mixed 
with a larger proportion of absorbent matter, 
the force is thereby distributed over a greater 
space. In the first and second squaring up 
rounds from 60 to 60 lb. of No. 2 are chs^rged, 
and in the third from 80 to 90 lb , the holes 
getting stronger as the arch falls at the side. 

There are genorally also one or two additional 
roof ‘holes m the third round that are not shown in the figure, their position being 
variable, according to the lay of the rock. The top holes in the first round are also 
designed to bring down the roof not shaken by tne cut, and are, therefore, strongly 
angled towards the centre, and alwa^ drilled from 12 to 14 ft. deep. The pbu. 
2608, shows the cut holes ; 4, 6, and 6, the squaring up rounds. 

As to the relative depth, the holes of the first squaring round are always drilled a 
foot or more deeper than the cut holes ; and when blastM they generally bring out 
a foot additional of shaken rock at the apex of the cut. 

At Minera Mines, North Wales, the square-out system is advantageonsly followed 
in driving levels in short grain and jointy limestone. The face of a level for running 
two DARLuroToif boring inachines fi) ft wide by 7 ft. high is perforated with 26 or 28 
holes, each about 8 ft. deep— vis. centre cut. 8 holee ; fint equare-up. 8 holee ; eecond 
square-up and roofing holes, 8 to 10 holes. 

Baaurs Badtal Sjystsm . — ^This system, devised by Mr. W. Blawoh Bxasji. of 
8t. Annals, Cindeifora, was introdu^ about three years ago at the Dxybiook Iron 
Mines, in tlie Forest of Dean. The main olgect of the inventor was to prorate the 
face of a level without once shifting the stretcher bar when placed at its proper 
height M. Armafi. in his work on ci^ mining, thus notices the radial eystm : — 
* The fundamental principle which constitutes its distinctive character is to malm the 
holes of a series to radiate from a fixed pmnt. The olgect of this radiation is twofold 
— to ntiliae the face of the heading ae an unsupported eide, and to reduce to a mini- 
mum the time consumed in changing the position of the stretcher bar. It will be 
obvious on refiection that if these en£ are attained without incurring e compensating 
lose, toe merits of toe ^stem are beyond question, since their attainment leads to 
rapiditv of progress, which is the main purpose of machine labour. It iewvident that 
if the holee are made to radiate from a fixed point, and the horiaontal position be 
avoided, nope of them can be perpendicular to toe face of the heeding; and, conse- 
quently, toe lines of ftoeture from each charge tend to reach this fime. A ooneequenca 
^ this fact is that no nnkeying of the face is neeeesi^. sinoe each ehot tends to blow 
outwwds. Let it be assumed that the drift to be driven is 6 ft. 8 in in height The 
width in this case is immaterial to the operation of the system. The stretcher bar, 
which is to serve as a support to the machint is fixed at a certain he^t from tha 
floor, and at a osEtaia distance from the face, as toown in^. 2609. The height of 
the bar above the floor, with dight modifications to suit existing oonditiottt be 
the same in all cases ; but the distance of the bar from the fhoa will be detormhisd 


to the end'of tha piston rod, into which the bit is fixed. It is obviously deslrabls t 
teddce the distance between the face of the beading and the etvvtdher bar ae ntncfr at 
possible, since the angle of the holee will rapidly inorease ae the distance ii diminisht# 
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From tl» igsie It will be obeerFed that tbe itreteber bar la fixed 1 ft. 8 ix. fiNna top*. 
6 ft. ftom bottom, and 2 ft. 4 in. ftom the fime. The fimt and aeeond Mriae of hdM 
are 8 ft 1 in. deep; the third, 8^ ft. deep; the ftnrth, 8} ft. ; and the fifth, 4^ ft* 
deep. The bottom or lifting holee are 8 li long. 


2609 






(ft) Oloipfhv ^ BlatUng Ska fti the nee of rock-l it ie 

eaeMim to tbe qukk deepateh of wofft that no time be nnaFoi£h]j loft w the 
ehaiqguy and Uaetiiig operatian. At Ifarihaje ordinaiy powder ie emmejid iin the 
fSorm of opmpreeeid ^liMen of the dUmeter of the ahot hole, eaeh «(^luidaf hififig ib 
hole at tbe bottom and a reoeaa in tbe aide for leoeiTing a pieaeof 
aafttjftiee.’ <)* 


















aOCK-BOBlNa IfACHIlTEBT 

Uuttng mopofai, pirtievlarljr in hud, ooumei nad nmt ttoond, djannHa^ 
UthotecUnr, n powder ut each to be highlj ineommeiidad, einee etther can 

be ite esplonre power insteatij dereloped, tam]riiig almost dispensed 

withf'and from the plastic nature of the materisl it can be eadly pressed so as to fill 
the bottom part of ue hde, in which condition it will on explosion exert iu greatest 
rupturing force on the rook. Moreorer, the charges of the explosire may be made 
suffloie^y gnat to reduce the rock into small and eoDTcnient fragments for ready 
and cheap xemoml. At Bonchamp, in Timnce, powder and dynamite in the same 
hole have been employed with eiceUent eflbotl, the powder prolonging, as it were, the 
time of the explomon, and exerting its force on the rock weakened by the quicker 
rending force of the drnamite. At Mnsconeteong the strong dynamite, containing 
76 per cent, of nitro-glycerina, was employed for unkeying the heading, and dynamite 
of second quality for rending the side holee. Natnnlfy, in the use of explosives 
singly or together, the gica^ osre is nsssss u y on the part of the workmen to 
distribute and ruy the eharge. so that when flrM or detonated the rook shall be 
raptured for removal without ineutiiiig anv undue waiU of the explosive. When 
tamping is required, dav or dry »nd osrtriqieB should be prepared. The strongest 
kind of tamping is afrbrdsd by wed eiav, rolled when damp into the form of a sausage, 
from three to four inchee in length, aaa of the foil diameter of the bore hole. When 
the hole is ready for tamping, a handful of ilne dip sand should be thrown upon the 
charge, a day roll then introduced, and pressed, without blows, so as to fill tlM hole 
comj^etdy ; a second roll is to be added, and pressed in the same way until the hole 
is tampeA If the ohaige is to be detonatedC a slight modifloadon of the tamping 
piooeee may be made. Immediately above the charge, plaoa a wad of hay or a bandftu 
of dry and very fine sand, or fine day ; upon this Band or day, fines with a wooden 
rammer, a pUstic clay rdl from throe to four inehec long, and ai the same diameter ae 
the bore hole ; above this roU fill the hole with fins sand. The order of firing the 
holes should be determined at the time of charging and tamping the holes { the lines 
of stratification or of least resistance should also In carefolly observed, and such holes 
sdected for the first volley as us most likely to rapture SM unkey the rock to the 
desired depth, and at the eaine time aecurt the best results when the seeond set of 
shot holee is food. When the shot holes are to be fired is suooessive series ooneentrio 
with the centre holee, or in line with the centre cut, and by means of safety fose, the 
length of the latter can be regulated so aa to efiect the discharge of certain Wee 
earlier than that of other holes ; and if the fiises are brought together, the ignition of 
the rarious end# may be effected at one and the same time. In various plaew deetrie 
blasting is resorted to, and for this frictional and other fuse-igniting maebinss have 
been eoastracted. 

To be sucesssfal in the appliention of dectridty to the firing of shot hclsi, it is 
absolntslv neeessaiy that the machines, the firing cable, the oonneeting wires, and 
fuses shall be reliable, and that, whether the fuses ore placed in single or dirided 
circuit, the number shall not be greater than can be certainly and simultaneondy 
fired. In the engine shaft at Ballaeorkish Qig. 2494^ deetrie blaating is employed ; 
ten or twelve holes are charged with dynamite cortAdgss fitted with Buiofs deetrie 
fuses. These thses are oonnectad U^ther in single eircait, and fired either by 
Bnaix’s or BoufEsanT's frictional maeomes. Two finnM aie suffldent to remove the 
* bottom ’ of the shaft, 10^ teet in diameter, to a depto of 4 fliet, the operation of 
charging and blastiug being completed in frmn 2 to 24 hoara. At Manhaye {Jig. 
2606) toe first shots are fired in the deeper holee, a a, situatsd near the huge oentral 
hole, and the rook broken in such a manner as to Imto a cavity, 6 6. The smaller 
bdes, 0 e, are then charged to blow down the portion at the front of the cavity which 
may have remained untouched ; but it often nappens that these «»dl holes prove 
unnecessary, and that the same effect is prodneed to their full depth the first shot. 
The piooess is oontinnsd by means of the holes d d, situated on a horiaontal lias 
passing thipufi^ the oantial hole in such a manner as to form an exeavatioiv a» if 
’hewn* aeioes the fooo of the rock to be out away. Aftarwaids the upfw holes aro 
fired, and tifo operatioD is finished in those near me floor. The blowing is perfonBsd 
in vi^sya or four or five ohaiges at a tuns, the stuff being loaded up and removed 
inm time to time. To loosen the xoek it is neoesiary thiSt sevael boles sfaontd ha 
fired sunultsneonsly, sQteoiaUy in the bard grit. 

BoBnsaimT^s iVioribnd ATocfitiM.— This machine 2610} is composed of asio^ 

plats whed of ebonite, which can be rotated lapi^ by turning too handle efther 
way. The tw part of the ebonite wheel within tne box is in eoataet with a rubber 
formed of eatuib. It is the friction of this ddn on the surface of the whed whidi 
excites the dsetrioity. This deccricity is ooUeetsd end stored ia a Lsjden j$at, 
Ketd rings prq)eet throu^ the front end of the nachiim To these sipge dm 
ends of the unies forsdng the ciicuit are atiaehed when everything is pm]»M*la6 
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firing. ▲ in tbn ftnng knob by which the dieehafge fe made. The knob bring preeeed, 
allows the ehuge etored in the Leyden jar to past along the leading wire d to the 

2510 



which in turn fire the explosive. The illustration 2611) clearly shows an 
electrical firing arrangement, a, stand for electrical machine ; b, electric machine ; 
0 , leading wire or cable ; d, return cable ; a a a a, wires connecting the fuses \bbhhb, 
fuses attached to the explosive cartridge. On pressing the knob a {fig. 2510) the 
electric charge passes from c {fig. 2611) along the leading wire a a down to the first 
cartridg[e 5, up the connecting wire a, down the second cartridge b, and up the second 
connecting wire a, continuing its course in this way, firing the cartridges and returning 
to the m^ine by the return cable a d . 

Bbaik’s Maehine. — This frictional machine is contained in a neat box of small 
dimensions and of light weight ; the condenser and other parts are well protected 
against access of moisture. To fire 1 hole the crank is turned 6 times ; 2 to 6 holes, 
10 times ; 6 to 10 holes, 15 times : 11 to 20 holes, 26 times. 


8611 



BiwMMn* 2)ifnamo~E(tetfk Jli^n 9 -EipMtr.—Th\§ apparatus ^es, as the result of 
the ezpmiditure of meohaidoal jMwer, magnetism and electricity. It consists of an 
ordinary finmri armature, wmch is caum by the tuminw of a handle to molte 
betwsfi the poles of an rieotro-magnet The coils of the electro-magnet an in 
flireait with m wire of the armature, and the residual mmetism of too risetro- 
magast cores excites at first weak currents, which pass into As electio-magiitt orihi» 
incNsring Ae magnetism of the eon, and indncing still stronger currents ita the 
■rmaturs wire to & limit of magnetic saturation cn As iron cons of As ileetxo- 
magnsts. Bj Ae automatic action of As machine thii powarfhl onxvsnt la ssai hito 
Ae irin or caUe leading to the fuse. 

CMdteting Wbru, Btudaiont omd Anporfr.— The wiree leading from At naAltit 
0^. 2510) to the lowity of the ahot holes may be either of wgget or iron ; thelbt)ki>er 
» Ae better conducting medinm, and is Ac most commonly employed. Tht sectionaiT 
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ueft of UmI win li of gnot impoKtanM in iti oondnoting wwn ; tbt neiiteiiM to the 
pMMge of Iho electirio fluid it found to ai the MOtionAl anu, and huoo 

It is important to gin the leading or oircnit wine a euffleieot diuneter. A cable 
suitable for undeig^nd pur]^oees ii formed of an insulated con {fia. 261fl), oompoe^ 
of three etrands of copper wire, No. 20 gauge, thickly insulated with indl^rubber A, 
and tape p, the whole oovend with plaited and Umd hemp on twiated wire, not 



2618 


2614 


2616 


shown in the sketch, to the ein of a rope |ths or f the of an inidi diameter. The im 
Bttlaton and supports for such cable may be of the simplest character. Near the roof 
of a level, holes may be made 16 or 20 h. apart, and into these holes pieces of wood 
driven ; the oable can then be passed through a hole made m each pieoe^of timber, 
then strained, and wedged tight. To lengthen this cable it is only necessary to eapose 
about 1 1 inch of the wires, to scrape these wires bright, then twist them tightly 
together, o (j^. 2618^, and to cover the exposed part o by a piece of tubular indin* 
rubber e, tied to the insulated portion of the core, / (Jig. 2614). To connect foses 
together small fine copper or iron wire, a (fig. 2612), is employed. The ends of this 
wire should bo scraped bright and twisted tether, as shown at 6. 

BS^ctnc electric ftise consists of a charge of explosive compound capable 

of being ignited by an electric current or spark. The foie luelf ie practically either 
an mtemption of the cable circuit or a great increase in ite resistance at some point 
by the interposition of « badly conducting snbstanoe ; the oomeqnent action is t he t 
either an electric spark passes between the interrupted portions of the conductor, or 
the piece of bad conductor is highly heated, causing Ignition of the explosive substance 
contained in the foie. 

As there are two clasees of exploders, so there are also two kinds of foses - 

(a) Tmsion Futea, and 

M Quantity Fuaea. ^ 2619 

The tension foses are also called 'spark' fuses, 'high-tension* or 
• chemical fusee,* these terms arising from ths nature of the electricity 
employed to fire the fuse or from the nature of the fuse itself. The 
fuaaa are also called 'platinum-wire* foses. Some miaiitity 
foses are, however, chemical foses, the bad conductor being a ^emioal 
composition ; hence the term * low-tenrion chemical ’ fuses. Prom the 
nature of the electric currents employed to Are them, ‘ quantity * foses 
are also termed ‘ low-tension ’ foses, whether they contain platinum wire, 
steel wire, or merely a chemical composition. 

Ftg* 2616 shews an ordinary tension fose— a, plug of gutta-percha. 

5*?"*?®* {“P®* * m, a cap of paper, but usually of metal ; A, the 

fulminate The flnng composition is set immediately under the plug 
•nrroimdinf the bottom of toe wire. This wire is divided at the bottom. 

In flring the detonator by a frictional machine (Ay* 2610^ the electric 
spMk passes down one side of the wire, leaps from the point through the 
^ng Oamposition, lanlting it in its path, to the other point, ascends 
the wire to ignite other foses in a like manner, to be disper^ or to 
ratum to ^ machine ifig. 2611). 

AM*a PWsf.-^This rase is well known for the purpose of submarine 
b^tts^ Mt it is somewhat too costly for use in ordinary mining open- 
tiops. The composition of ths explosive mixture is— snbphosraate of 
copper 10 pavte, subsulpbide of copper 46 parte, and chlorate of potash 
Upaits. Thefoseheadisofwo^ 
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MomftV't flriitt oompoand of Uui ftioe^ wkieh wm emplojod ia tlu 

Hoona Taanel, ooniiati of lal^ide of oappor 2 parts, W ohloiate of potesh 8 parta 
the two aatiiaatalj mizad tQ^|ether. The nte hsad is partly of j^atta-peroha. 

Raaiv'f Ahs. — T his fhss is oharaoterised by the neataess of its appeasanee and for 
theeieelieaoe of the flriag oompoaitioii. It is aleo earefallj and well insalated, and 
while it Gsa be handled with the greatest safety it is eaoeediagly sensitiTe. At 
Ballaoorkish, at the bottom of the shaft (J^. 2494), with Bnanc’s firing machine from 
12 to 16 frises are fired simultaneonsly. 

AjcdbAs Fuees. — These are of two kinds, tension and quantity fhses. The firing 
composition is not publicly known. The ftise consists of a detonator, a firing com- 
position, a mastic plug, and insulated wires. 

Bobmkabdt’s JntM 0 . — These ftses have a particularly neat appearanoeb are v^ 
sensitive, and well insulated. BofuvKABDT ^ also contrived a ftise for marine 
blasting purposes, allied to be reliable under a pressure of 20 atmospheres. 

Abboo^s AtM. — This fuse oodsists of a thin lath of wood |ths of an inch wide by ^th 
of an inch thick, fitted at one end with a turned tube containing the detonating 
charge^ into which the wires are led. These wires are lodged in grooves formed in 
the narrow faces of the stick. 

Electricity as a power for blasting shot holes was employed in the year 1860 at the 
Abeream Colliery, South Wales, an excellent and reliable fuse having been contrived 
for the uwk by Mr. Bobbbt Hukt, F.B.S. The value of simultaneous blasting, 
however, is only now becoming ftilly appreciated. In connection with the use of 
rock-bonng macninery it will become a necessity. Some of iu special advantages are— 

(1) A simultaneous discharge of several holes brings the whole of tlie eruptive 
force into action at one and the same moment, and is thereby capable of removing 
rock which would more or less remain fast if the shots acted independently of each other. 

(2) A great savii^ of time is effected by the use of electric fuses a^ resorting to 
simultaneous blasting, since, if the forebreast of a level, or bottom of a sh^ is per- 
forated with twenty or thirty shot-holes, and this number of fuses can be fired in one 
or two orations, it follows that the driay consequent on shifting from the place, 
and on clesring the gases or ' smoke,* is reduced to one, instead of representing several 
units of time. 

(8) This means of firing affords security from accidental explosion; not only are 
the charges fired at the exact moment required, when it has been clearly ascertained 
that all the workmen are under shelter, but the danger from the use of matches or 
* snuffb * is altogether avoided. 


Tadle qf Eaefloswea^ FVmm, and Tam^ping. 



Explosives employed 

Fnm 

Lensthtf 

Bueij 

or 

Bleotrio Fuse 

ICsterials 

emdoyedlUr 

BhofeHoiM 

Mont Genii . 

Compressed pow- 
der (one inch 
diameter) 

Safety ftise 

96 in. 

Dry earth in 
cartridgn 

St. Qothard, 
Ofischenen 

Dynamite in cai^ 
tridgee (of 8 to 
4 Oil. e^) 

Safety ftise with 
adetmiator 

60-72 in. 

Sand in paper 
oaitrid^ 

St Gothard, 
Airolo 

Dynamite in car- 
tridgee (of 8 to 
4 on. era) 

n 

It 

H 

Fortskawet 

Dynamite 


24-28 in. 

Water 

Mnsconetcong. 

Dynamite (Now 1 
and 2 quality) 
l^ynamite 

Electric ftise 

11-18 ft. j 

88 

Pesfiiiiog 

» 

46-48 ia. 

H 

Altenba^ 

Ordinaiy powder 

Safhty ftise and 
detonator 

40 in. 

98 

Altenwald 

ft M 

JSeotrio ftise . 

80 im 

89 


Oompfeasad pow- 
der eartndgea 

Safety ftise 

60 in. 

D^alqr 

Bonoliamp • 

(6 on. each) 
Ordinary powder 
and djoaiiiite 

Safety ftise and 
detonator 

90.S6 in. 

Diydayln pipn 

1 Anriii • 

Dynamite 


60-60 in. 

oiw******" 

Minera . p 

n 

Eleetne and 
aafstyftias 

86-88 in. 

Water 
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■qiodvis wupkiyid 


SsofetloFiiae 

Xfttwlato 

enmkqredlar 

lumping 

BhotHSe 

Dokwath 

Dynamite 

Safety ftise and 

84-86 in. 

Water 


detonator 



0am Brea 


M 

— 

11 

Ballaooikioh . 

,, 

Eleetrioftise 

60 in. 

II 

Friedrichsegen 

II 

n 

86 in. 

OUy 

Drrbiook Iron 
Minee 

II 

fi 

40-80 in. 

II 

Stahlbem 
Oorrlse, France 
Sir Francis 

II 

,, 

II 

•1 

24-80 in. 
40-44 in. 

Water 


Fuse and deto- 

48 in. 

II 

Level 


nator 




(I,) Semowdof blMtingaiet of holee, it will in manjcaMS 

be fonnd •delink to ezhanet the gaeea wbieh bswe veenlted ftom the deoompimtaon 
of the e^loBioa. At St Qothard a powerfol * dndt * machine is emplojed, the ex- 
hainet pipea being of large dimeneions. At Owmbxan, South Walee, a le^ fta ie in 
nee, the ezhanat canal Ming of wood, inside width 12 in., depth 10 in. At Poft- 
akewet dimenaioiia of heading 8 ft by 8 ft ; the air pipes, 18 ft. long, of dheet 
zinc 12 in. diameter. At Ballaeorkish the gaaea am mpetled pMsing air from the 
receirer into the air pipes, the outlet of which ie dose to the Mttom of the draft. 
As soon as the explosive gesee are removed, the stuff thonld be withtown an qnieUj 
as pmble. In the caee of a ahaft, the Ubble or bucket ebould deeeend to the bottom, 
and itscapadty, together with the speed of drawing, onght to bear some oen^ ration 
to the work to be done ; in that of a level, the wag^n wa^ should m arranged for 
qniok removal of the stuff, for introdnoing the b<^g tackle, end for reeommeneing 
boring almost immsdistel^ alter the blaitiM operation has tsrmtnated. In a 
wideheaung, such tm that carried in forming the Musoonetcong Tunnel (see Jiff, 8807), 
three railways may be laid, two for the bonng machinea and the oenm one ftir the 
removal of the mt. In ordina^ mine levds, the most that can be dona ia to lay 
a single railway, to Ibnn sidings in long levels, to east the etaff each side of the rails 
dose to the forebreast after a olast, so as to introduos the boriigr frame and to bring 
the forwnrding waggon immediatdy to its rear. 

2Vms qf OpercMoits , — The time inonrred ia the triple opemtion of (1) boring; 
(2) charging and blasting the holes, (8) removing the staff, wiu depend npm a variety 
of circumstances, partly incident to tM work itself and partly nader the control w 
the oontmotar or workmen. (1) Bormff . — ^The duration of the boring operation will 
be ia proportion to the number of maohinee employed, their reliabili^ tor the work, 
the number and depth of the holee, the number of boring tods to be ebaqged, the 
tocility whidi exists tor changiDg the toole qukUy, and the ease with wSeh the 
machinse suy be ehiUbed ftom one point to another. (8) Oharynu amd 
To minimise the time the eartridxea and ftises shonld be prepma belbreliand, and 
the shot holee, if at the bottom of a shaft, plnggsd whsn the tools axe withdrawn, so 
that the cartridge and ftiaes may be drcqsped to the bottom of the holee withont clear- 
ing them tor that purpose. The nuximina anmberof holes sbodd nlways be ssleeted 
for siaixltanaons or voll^ firing, in order to leesen the anmber of firing operadoai. 
(8) Stmowl qf Stqff , — dionld be done qniddy, and by nnaas alisMy snggested 
under this heading (f.). The time required for making a * eat ' or 'sU ^ in eome of 
the works aliMdy oxsootod fay means of rodk-boriig madrinss is nttoacimatsly 
shown in the following table 











’SS' 

Holm 

Tm^, 

.litassei. 

BeeMvri 

of 

TWriStao 
ef GNttor 

eC%MMsf 

^SS9£. 

ofOponMen 

Xont Oenis « 
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8 

M 

8 

78^ 

6] 
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Bimtii 

80-180 
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480 
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8-11 

84 

0*74 

9'8d 

0-48-0-88 

0*88 

448 

0*80-048 
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Oo^ 

8-4 

8-4 

90-180 

80^ 
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160 

8 

8-13 
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RdtUive Cent and Progreu of Work, — PauroLBT, after an exhanstive inquiry into 
the conduct of different urorka, found that the earing of money arising from the use 
of rock-boring machinery raried from 7a. Id. to 74a. 7d. per lineal yard, that the rate 
of progress was to a certain extent in proportion to the number of machines employed, 
together rrith the relative hardness ox the rocks. Compared with hand lateur 
alone, the speed by means of machineiy was from three to twelve times greater. At 
Marihaye the hand cost in the slaty rook was 30a. 4d., the maohine cost 20a., per 
yard, in the grit rock the hand cost amounted to 60a. 8d., the machiftje cost to 62a., 
per ^fd ; the machine speed was about three times greater than that of lAnd labour. 

The deep adit level known as Joseph II.*s Adit, at Schemnits, which was commenced 
in 1782, is intended to be of a total length of 17*827 yards, or about 1,420 yards 
lonmr than the St. Gk>thard Tunnel. Of this length 15,820 yards have been driven 
by hand labour during the course of ninety-two years, leaving two sections unfinished, 
one of which is 1,604 yards, and the other 1,000 ya^ long. In the latter section 
the use of madhinexy was commenced experimentally in the year 1878, and was con- 
tinued at intervals during the following vear. In the first series of experiments one 
machine of SaoHs’ construction was used, the average depth of the bore holes being 
1*8 foot, which were charged with dynamite and fired bv means of fuse. The average 
dailv advance of the level, which was 8*6 feet high and 6*0 feet broad, was 2*1 feet. 
In the second series two machines were used, and the chafes were fired bv electricity; 
the result was a daily advance of 8 28 feet, the rock being, as in the ust series, a 
moderately bard trachyte (rhyolite). In the third series two machines on an im» 
proved frame were usm, the holes being 2'8 feet deep ; the advance was 0*8 inches 
per day in greenstone. In the fourth series, when the men were becoming better 
acquainted with the use of the machines, the averam length driven per day was 4*8 
feet. Great difficulty was at times experienced in m use of the electrical apparatus 
£rom misfires, especially when the air in the level was highly charged with moisture. 
It was found most convenient to have two machines, which were uim alternately, and 
only taken into the mine when the holes were loaded and ready for firing. ■ It was 
also considered desirable not to fire more than twelve holes at one time. 

In order to obtain a basis for comparison with hand labour, a fifth series of eneri- 
ments was made by twelve seleoted miners, working four at a time, eight-hour shifts,, 
under continuous supervision ; when it was found that twelve men in four days ad- 
vanced the level 11*6 feet, equal to 2*9 fhet per day, thus producing somewhat less 
effiset than a sinfl^'inariiine. 

The most advantaffcons method of arranging the bore holes is considered to be in 
four vertical linos about equal distances apart, but having the holes in the esntre 
rows somewhat closer together than those at the side, there being six in at the 
former series and only four in the latter. By this arrangement, a uniform depth of 
9*8 fset being adopted as a Standard, the stand only required to be fixed twice for 
eadi set of twenty holes. Th« two central rows are loaded ho a third of their d^h 
with dynamite and fired first, making a deep notch in the foea. Tbia increases the 
effect of the aide holes, which are flm submnently with a somewhat smaller ehirge. 

At the St. Gothaid Tunnel in 1878 the drift at the Gdedienen end was advaneed, 
bv fix of FnsHqon and Dunouf maebinea, 6*8 feet per day, or 19*9 inches toa- 
ebine ; while at Schemnite at the end of 1874 two of Books' machiiMi dbovi «h the 
rateof 8*4 foet per day. or 20*4 inebee per machine. In the fonasr eaiei dfftf per 
cent, of the total depth of holes bored proved effbetive, while in the letter tlionvopcr- 
tion waa 76*2 per cent, a result ettributed'*to the electric ignition and the wumA of 
firing adopted. The croee avotione of the two levale erib at 8t OoUuttd 79 a^oare 
foet and ut Schemnits 68 square feet 
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Id a level 660 &fhoiD8 lofDg, driven in Yorkibire bv Sir Oeodoi VTilymm Ddmts, 
the hand price waa reckoned at 121. per running fathom; the mechanical oont, in- 
cluding 27e. for dynamite, cape, and fhse, was 61. lOe. per lineal fathom. In thie 
ioetanoe the compTeesing machinery waa driven by water power, for which there waa 
' no current chaim. The machine apeed was from three to four timea greater than 
that of hand labour. At Dolooath the machine coat is alleged to be 26 per cent, leas 
than the hand cost, and the apeed three or four timea greater. At Cam Brea, with 
four powerful lx>ring machinea in a aingle heading, with every neceaaaiy appliance, 
an abundance of skilled labour, and a thorough organisation of the work, me machine 
cost is stated to be as high as the hand cost, but the rate of driving eight to ten times 
greater. At Minera, with one Darlinqton boring machine in a level 0^ feet by 
7 feet, the cost of driving is one-third less, and the rate fourfold greater, than is 
practicable by hand labour. At Ballacorkish the machine cost is 66 per cent, less than 
hand cost ; the progress in an engine-shaft pa<rtially blocked with pumps and a drawing 
way is from five to six times faster than is practicable by means of hand labour 
alone. At Foxdale Mines, m the Isle of Man, where rock-boring machines have been 
recently introduced for the purpose of sinking a shaft, the cost of the work is found 
to be much lees than that of hand labour, and the apeed also much greater. At 
Fnedrichsegeii, Prussia, the cost of driving a level by hand waa 10/. 10s., and by 
machinery 6/. 8s. 6d. per yard. In executing mining work it is necessary to pay 
strict regard to cost, as well as to speed. Special cases may well justify a heavy 
current expenditure in order to realise a particular object, but in the ordinary conduct 
of mining operations an extravagant high pressure system of working cannot prevail 
throughout a spries of years without tending to neutralise the economic advantages 
which ought to be derived from the employment of rock-boring machinery. 

Bortng Machvne Accounts . — In working ground by means of boring machinery it is 
desirable to record pirticulars connected with the various operations. At the Rusheii 
Mines, Isle of Man, where important results have been obtained by Captain JouH 
Bauiucll with the Dakukotom machines, the following form is employed 

Busdbn Mine.— Mbmoranba ublatino to Rocx-dobiho OpBEATioifS. 

Nature of Work. Sectional Dmenaiona. 

DatCf viz. from of , to of ,187. 

(a.) Bobiko Holes. 

No. of hours boring . . . Aggregate number of feet bored 

Average depth of holes . . No. of bits blunted . . 

No. of macninca employed . Duration of hindrances . . 

No. of holes bored . 

(6.) Chaboibg Ain> Blastvo Holes. 

No. of chaigos and blasts . . Time occupied in charging 

Time occupied in blasting No. of electric fuses um . 

Weight of dynamite consumed . Duration of hindrances 

No. of fuses misfired . 


(c.) Rehovidg Stttvf. 

No. of kibbles drawn . Time occupied in drawing. • 

Estimated weight of stuff drawn Duration m hindianaes • 

Average weight of kibble . 

FathesaB Feet laohas 

Sunk or driven at end of previous week 

Sunk or driven during the week .... 


Total depth sunk or driven 
Total number of ' cuts * or * sinlu' made 
Total nnmber of hotirs worked . 

Lowering pumps 

Total nnmDev ef hours hindered . 


Proportion of time hindered to total time worked . 
Weight of eoal consumed driving compressor (es ti ma t ed) 
VoL. IV. 8 D 



Sundry Places vahert Bock-horing Machines have been successfully employed. 
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bopk-tabn spinner m 

By way of snmmaxy it may be obeewed that the olgeeti to be ke^ in view in the 
employment of rock-boring machinery are— the attainment of a high rate of ipeed 
at a m<^erato ooet. To reatiee theee two diitinct reenlte the tackle mnet be efficient, 
the work wril organised, the roadways of proper dimensions for the removal of the 
sthiF, the hanling arrangements satisfoctoiy, the contingencies incident to the work 
anticipated, andhindrances avoided. The use of boring machines will tend to make 
the levels and circulating ways larger, to create forwarding facilities for the miner, to 
admit larger volumes of air to the underground openings, to lessen the severity of the 
miner's toil, and increase the rate of wages, as well as to multiply the chances of suc- 
oessfhl results for the capitalists.— J. D. 

mOOX ASni XXO. A South Staffordshire term, given to a white sandstone full 
of little patches and shreds of coal ; the coal fluently entangled in the sandstone 
and the two mixed up together in a very singular way.— J uubs. 

SOOX OSnTA&. The use of rock crystal in the manufacture of optical 
instruments has led to the development of the curious and interesting profession of 
crystal finding. It is not new in the Swiss Alps, where the knowledge of the crystal 
finder, and his nerve and endurance, are often put to a severe test. The rock crystal 
or ciystallised quartz is found in pieces of different size, colour, and fineness, some- 
times separately, sometimes in groups. The strahler^BM the crystal finder is called ^ 
is equipped with a bar of iron 4 ft. long, bent up at one end, a shovel, a hammer, a 
back, a strong cord, and a leather sock, and starts for his work early in the morning. 
He is nearly always alone. He crawls along the flanks of the hills hours together, 
looking out for any indication of a vein. This may be a long way above him, and he 
tries to reach it as best he can, being notunfrequontly compelled to cut his steps in the 
rocJc. His first act, on reaching his find, is to strike it with his hammer, his ear 
telling him whether the crystals are attached to the walls, separate, or mixed with 
sand. The most celebrated" discovery of large crystals is a recent one made at St. Go- 
ihard. A hundred feet above the snow limit, an apothecary, a resident of Berne, saw 
one evening a vein of quartz 60 ft. long and 4 to 12 ft. thick. A ghide was with 
him, and the two resolved to ascend for an investigation. This, however, had to bo 
deferred till the morning. The would-be finders passed the night in a hut, and rose 
early to make the ascent. Unfortunately, the morning was misty, and threatened' to 
cut off their retreat. They descended in haste, and were unable to renew their 
attempt until the following year, when the spring had melted the winter snows. The 
day at length arrived when they were able to begin work, and by mining the vein 
they pierced into Us inner chambers, and collected 300 cwt. of crystals, the largest of 
which were bought up by scientific institutions, and the fragments by opticians and 
instrument makers. 

MBa*TABir Spzmrut. (Bofb Makuto, vol. iii. p. 713.) Notwithstanding 
the increasing use of iron and steel wire ropes, hemp and other fibres ore still used 
with advantage in both steam and sailing vessels, u the article referred to, a foil 
description is ^iven of the machinery employed by the best rope-makers. It is only 
necessary in this place to notice one machine, which posseeses many points of excel* 
lence. The annexed woodcut {fia. 2617) clearly, shows the construction of a veiy 
beautifol automatic spinning macnine, which has been introduced by Messrs. Lawsos 
and Son, of the Hope Foundry, Leeds. 

It is generally admitted that machine spun yams are not of a quality equal to 
those spun by hand, mainly by reason of their being deficient in gloss of skin ; but 
the automatic spinner, by means of its simple and ^mirable mechanical appliances, 
turns out a yam which is even more level than, and superior in appearance to, hand- 
made yams ; and, moreover, by the foliar ni^, the yam can be i^e of any degree 
of softness, to suit the kind of rope ^ich is desired to be made. 

The feed is self-adjusting, by means of a lever and rat-band actuating three diflbr- 
ently-Bpeeded pulleys, whereby eveiy excess or defloieiicy of material in Uie sliver 
causes ^ eorresponaing increase or decrease in the velocity of the feed ; and thus no 
ordinary inegulsrity of sliver can either cause mpture of the yam or an entire stop- 
ple or the machine ; and the apparatus may therefore run oontinuonsly for weeks 
with no (Aber interrajj^ion or cessation than that requisite for the removal of the foil 
bobbins and their replacement by empty ones. 

Tbo bobbins ofe placed horisontally, and have a traversing motion imparted to 
them to and foom the feed, while by a simple auxiliary appliance a perfectly uniform 
tension of any^ desired degree of force is maintained on the yarn throughout the entire 
process of spinning and winding on the bobbins. By the special twisting action 
perfoet uniformity of twist is attained, so that none of the flbrM override any of the 
otherSi whila the appearance termed *eoggled’ yam, which is peculiar to ordinary 
lUaehi^spua yams, is oomplstely obviated In consequenoe of this perfect parallel- 
ism of the the yam spun by Hus moohins is the best possible, of surponiing 



77a 


RUBY 


■trongth, and ii aoniidered by axperts to be superior to that manufkctured either by 
hand or by any other mechanical process. 

These machines are used by 
many of the leading makers, in 
conjunction with Qoon’s Patent 
Spreader, by means whereof the 
hemp is t^en from the bale, 
heckled, spread and delivered in a 
sliver at one operation. Qood’b 
machines are so powerful and well 
adapted to their work that from 4 
to 0 tons of material per day can 
be passed over, treated and deli> 
vered by them. Thus fed, Messes. 
Lawson’s Automatic Spinner will 
produce daily from 140 to 220 lb. 
per spindle, according to the nature 
of the work. 

BOBAMAZim BXiVB (tri- 
phenjilated.) See Anilimn, £lbo- 

TROLYBIS OF. 

ROBCOBBITB. See Tana« 

niuM. 

BVBT. (Vol. iii. p. 724.) 
Mr. Grbtillb WiLflxAMS stated in 
a paper, Researchea on Emeralds 
and BeryU^ that artificial rubies 
made by Gaudin’s process had a 
lower specific gravity than the 
true natural ruby. Mr. G. Wil- 
liams remarks ou this : — 

‘I there assumed the density 
of the ruby to be 3‘63, on the 
authority of Brisson (Gmelin's 
Chemistry^ Cavendish Society's 
translation, vol. iii. p. 806), and 
that of the sapphire as 8*66, 
according to Muschrnbbocx {}oo, 
ait,). Having occasion, in ex- 
tending my experiments on the 
subject, to take the specific gra- 
vity of several rubies and sap- 
phires, I found their density to be 
very much higher than the number 
given in Gmhltn's Chemiat^. On 
referring to other works O' Bbooxb 
and Millbr,” Watts’s IHotionary 
of Chamtatry^ '* lUiacBLSBBBa,"' 
&c ), I found the numbers given 
in them to be generally between 
8*9 and 40*0 ; Professor .ChnrBOH 
also found a blue sapphire ''to have 
a density of 8*979, and a yellow one, 4-80. My own determinations, made upon very 
fine stones, gave me for rubies 3*95, and for sapphires 8*98. Assuming 8*96 as the 
average specific gravity of the ruby, it will be seen that Gaubin's rubies as first made 
by me were 0-5 lower in density than the native ruby, instead of 0*8 as given in mv 
former communication. I have, however, recently succeeded in preparing some firesh 
epecimens of artificial rubies by the same process, but -with a higher density, namely 
8*7 ; this number is only 0*26 lower than the native ruby, and I think it probable 
that the true density of the might be obtained if the ftothing, which t^es place 
to a greater or less degree under the intense heat ox the oxyhjdrogen blow-pipe, could 
be completely avoided/ 

Tike Ruby or Red Ba/jpphire in Juetralia,—TbiB is much more rare than the blue 

^e late Mr. BmasBUBY reports its occurrence with sapphire, chrysolite, 

lyacinth, amethyst, and other gems in the Cudngong between Eumm and Blmbtioim, 
and in Mullen’s and Lawson’s Greeks, which foil into the Cudgegong. And the 
Bev. W. B. Clabku found it at Tamberuroba with similar geme. It is found too at 
Hudges, but is not common, and usually of small oise. 
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EvAfft Spinel, in Auatralia. — Cubicitl i^ifcem. Small well-formed octahedra are 
by no means rare ; the colour varies from pale brown, red, deep crimson, green, to 
bla^ 

• It-'is found in most river deposits contaimng |^>ld, as in the sands of the Severn 
and its tributaries, at Uralla, Bingera, Two-mile Flat, Bathurst, Macquarie, and 
Ondgegong Rivers. For manufactured rubies, see Safpuirbs. 

KVaXir A. The name of an agent used in tanning, for removing the hair from the 
skins. It consists mninl^jr of sulphide of lime, with some miner^ poison, probably 
arsenic, in one of its c ombin ations. See Tahnimo. 

smiT, TKa Faavaanow OV. Dr. W. H. Srnnuiro some years since 
introduced a method of forcing unoxidisable bodies into the pores of metals. Paraffin 
especialW was recommended by him. Vaseline, a residuaiy product in the distillation 
of paraffin, is now much used for protecting bright steel goods from rust, with the 
best possible result. 

Professor Barff has patented a process for producing on the surface of metals an 
artificial coating of an oxide which will not undergo further oxidation, and which is 
said fully to protect the metal beneath it. 

A well-known experiment led Professor Babff to try whether it was TOSsible to 
produce upon iron and steel surfaces a coherent and adherent coat of the black oxide, 
and after many experiments he succeeded in utilising superheated steam for the 
purpose. The method, briefly described, consists in raising the articles to be made 
uon-oxidisable to a temperature of, say, 500° Fahr. in a suitable chamber, and thea 
httbjecting them to the action of superheated steam for periods of five, six, or seven 
hours. Differences of temperature and variations in the time of exposure are employed 
for different articles ; but so far as experiments have yet been maae, a temperature of 
600° Fahr. has been found sufficient for most articles. Thus, for surfaces of polished 


iron and steel, it is advisable to keep the temperature down to 600° Fahr., and to 
allow the articles to remain until the operation is completed. It has been 'found that 
articles so treated will resist any degree or amount of moisture with which it is 
probable they can be brought into contact, in a house or other similar building ; but 
will not resist the action of long-continued ruin when exposed to its influences, because 
^e black oxide exists only as a very thin, and probably imperfect, film. A tempera- 
ture of 1,200° Fahr. and an exposure to superheated steam for six or seven hours 
suffice, however, to so change the surface of iron articles that it is nnaffeoted by the 
action of water, oven if the latter is impregnated with the acid fumes of a laboratory. 
So far as it has been possible to test the point, the film of magnetic oxide will protect 
the metal for an indefinite time. It is beyond our present purpose to enumerate even 
a few of the many uses to which iron prepared by this process can be put ; but it 
will be obvious that non-resisting bolts, ties, and fastening are of very considerable 
importance indeed, sufficient to stamp the piocess as a valuable discovery. 

Ftefessor Babff himself points out that it would be an advant^e, from a sanitary 
point of view, in connection with water-pipes, as protected iron pipes could be used 
instead of lead inside the house, while the mains and service-pipes might by its means 
be entirely protected from rust. The surface of bldUc oxide is difficult to remove by 
means of emeiy or a file, and is not liable to chip or scale off by the action of ordinary 
variadons of temperature ; but if any portion of a protected article is deprived of its 
protecting coat, the metal, of course, becomes oxidised, but the rust does not spread. 
In the case of painted iron, if a portion of the paint flakes off the rust proceeds along 
the surfiice under the coat of paint, which is forced off in large flakes ; end in gal- 
vanised iron, if the sine coating is worn off or removed from a portion, the destametion 
sometimes ^s on even more rapidly than is the case with ordinary unprotected iron. 
Similar^, toe production of a coat of m^netic oxide on saucepans and ot^r cooking 
utensils will be an improvement on the tinning and enamelling processes ; for in the 
.one case the saucepan will be uniigured if allowed to (mt red hot, in the other all 
dmiger of lead and arsenic in the enamel is avoided. There is some doubt whether it 
will be possible to apply toe process in the manufacture of steam-boilers, and in tois 
oonnectmn it is curious to note that the resson why the tubes of Mr. FxBXxira’a boilers, 
which were subject to pressures of 460 lb. and upwards, were unaffected with rust, 
was because of the production of this magnetic oxide, the protecting influence of which 
was, however, quite unsuspected. Should it be found possible to coat steam-boilers 
and iron ships with the magnetic oxide in such a way as to protect them from the 
effecto of corrosive action, the discovery will rank as one of the most important of the 


eentuiy. 

Dr. rnoT, in a communication read before the Iron and Steel Institute, eonterts 
the originality of F^essor Babiv's patent; he expresses some doubts as to its value 
and the pracucability of am^ying the process generally, 
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SAnrr AnABATVS 1>0B unm. Ths follo'mng plan, invented bj a 
German engineer, is on a different principle from all those in use up to the present 
time, inasmuch as it arrests the free-falling c^e without any shock, and therefore 
assures, in a for greater degree, safety and reliability. As soon as the rope which 
bears the cage is broken, a spring (which up to this time is hold up by the winding 
rope) comes into action, and looses two claws, which grip a rope that is hanging still 
in the shaft for the whole lengtl^ The claws are so arranged that by the individual 
weight of the cage they clip faster and faster ; the arrest d^oes not depend altogether 
on the action of the spring, which only gives the force to bring the claws into play, 
and the cage must directly come to rest. Instead of causing a shock, the rope follows 
first of all quite freely the movement of the cage, retards its descent by degrees, and 
brings it at last quite to a stand. The safety rope is made fast at its lower end at 
the Attorn of the shaft, whereas at the mouth of the shaft it passes over a sheave 
having the end free. At its upper end it is bound with small ropes, to which a series 
of weights are attached, which in the aggregate are many times heavier than the 
weight of the loaded cage. Under normal circumstances these weights cause no 
tension of the safety rope whilst they lie still on the ground ; the gripping of the 
rope bv the falling cage brings them into action — not all at once, bmT successively — 
from the lightest to the heaviest weight. This ingenious arrangement appears to give 
elasticity to the safety rope, and by experiment on a small scale has been prov^ to 
bo completely safe. 

■ArSTT lAJMCVS. Baimbbidob’s. Whilst assisting at experiments for test- 
ing various safety lamps for coal mines, conducted by the Safety Lamp Committee, 
Mr. Embuson Baikbridob observed that ordinary safety lamps having a vertic<il 
gauze surrounding the light were rendered unsafe in a current of explosive mixture 
moving at the rate of 12 ft. per second, tihe velocity with which the explosive current 
impinged on the maze causing it to become hot more quicklv tlian it could radiate 
heat, the gas on the outside of the lamp thus becoming ignited. Whilst the gauze of 
the Stsfuenbon lamp has only an inch or two exposed above the inside glass, the 
Clanny lamp hoe several inches above the glass, and the Dayt lamp is surrounded 
by gauze from top to bottom. They all are equally unsafe in a current travelling at 
the above rate, such current causing an explosiou in less than 50 seconds. Observing 
these facts, Mr. Bainbridoe constructed a lamp with no vertical gauze, and with inlet 
and outlet of the air so delicately balanced as to caUBe the quantity of air entering 
the lamp to be just sufficient for complete combustion. The la n}) consists of a 
tapered glass cylinder surrounding the wick, and surmounted by a short brass cylinder 
of smaller diameter, at the top of which ie a circular gauze which is screwed up from 
the inside. The plate at the top for sheltering the gauze is attached to the body of 
the lamp by small bars, in order to allow the heat ^m the lamp to be easily carried 
away. At the top and bottom of the glass rings of a non-oonduot^ material are 
used for the purpose of keepiug the glass cool. The ring for screwing up the glass 
passes into a thread of a smaller diameter than that of the ecrew of the bottom of 
the lamp, this arrangement eaving considerable time in screwing up the glass. The 
air enters the lam^ through a number of small round holes, which are drilled through 
(he brass hoop which forms the bottom of the frame for the glass. 

The following tables show the result of experiments with the various lamps : — 


Tabu No. 1. 


Kams of Lamp or 
InTsntor 


Length of Time the 
Lamp WM ozpoeod to 
the Onrmt 
before an Bzplorion 
took plaoe 


Fsefe per Second 

Seconds 

Bavt . 

8 

16 

CLAifinr . 

9 

46 

SnPHBCSOXT • 

11-3 

28 
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Tabu No. 2. 


Dworiptlon of Lamp 

Tdooity of 
Bzploglve 
Mixture 

Dnnttoi 

of 

Experiments 

Bwilt 

of 

Bzpexlments 

BemsilaoB 
Ippeoimnos of Gtaui 
Insids Lamps 

New Lamp . 

Peet 

4 

Ssoonds 

6 

Out 


Davt . . 

11-8 

1 

Exploded 

— 

Hakx . 

11-8 

10 

Not out 

Long yellow flame 
Low blue flame 

New Lamp » 

11-8 

16 

II 

n • • 

21 

16 

II 

II «• 

Hakk . 

21 

12 

11 

Long white flame 

New Lamp . • 

26 

21 

II 

Low blue flame 

i» • • 

88 

41 

Out 

i» If 

» • * 

64 

22 

ff 

It i» 

HAint . 

64 

28 

Exploded 



Tablb Ko. 8. 

JSxperiments to test iJlumineUinff power and economy of 


Desoription of Lamp 

ninmlnating Power ; 
being Number of Lamps 
equal to one Sperm 
Oandlo, oe tested by 
Photometer at the 
Sheffield doe Worke 

Number of Houn taken 
to bum 9 os. of Oil, the 
Light being es nearly 
as poeelble the same aa 
when the Bzperlmente 
given In Oolumn 9 
were made 


2-26 

16 


2-88 

16i . 

1 Davy Lamp . 

4-63 

16 


It will be seen from Table 2 that at a low velocity of the explosive mixture 
the lamp tried by the author was extinguished, and that from a velocity of 11 '8 it. 
per second to tho extremely high velocity of 64 ft. per second, no explosion in any 
instance ensued, but in every case the gas on entering the lamp burnt with a low, 
blue flame at tho bottom of tho lamp round about the air-holes, this flame only being 
about f the of an inch high. Thus a comparatively low temperature inside the lamp 
was maintained in each experiment. 

An objection to this design of lamp consists in the flame being protected by glass 
without gauoe. On this point the inventor states that an explosion through the use 
of a glass lamp in place of a lamp surrounded by gauze, or an accident by explosion 
caused by the breamige of a glass lamp is an extremely rare occurrence, and that there 
are few such cases on record. As the lamp goes out in a slow current of explosive 
mixture, and burns with such a low blue flame ii^^a rapid current, he thinks that the 
slass would be less likely to become heated and (sack than in the case of other nfety 
krnps where gloss is employed. 


2618 2619 



Obaio and Biddbb's Xomp.— This is really an arrangement which may bg 

fitted to any safety lamp, for the purpose of securing it from we attempts made by 
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the minen to open it in the eolliei^. The principle ie that a magnetic bar aeouree the 
ganae firaihe of the lamp to the lower part ; thia ia entirely enoloaed, and can oulv be 
moved by bringing into nae a powerful magnet, which, acting through the case wUch 
protMte fhe bu, movea the bar and thua unlocka the lamp. 

Fiffi, 2618 and 2619 ahow one arrangement of the lamp. The J^nae frame ia 
Bcrewed on to the oil-receiver a, by the ring i, in the uaual way. Thia ring haa a 
hole H, to receive a pin o, attached to a piece of aoft iron n, and preBapd upwarda by 
the apring x. The loint ia ao made that the gauae can be acrewed on to the laat turn, 
when the pin being forced into the hole h, it will be prevented from being unacrewed. 
e a are two circular piecea of iron let into the braaa l^ttom of the ciatem a, and corre- 
■pond to the two pdea of a magnet, which is to be uaed for unlocking. When it ia 
deaired to unfaaten the lamp these circular piecea are placed on the tpp of the polea 
of a powerful horae-ahoe magnet, which, by attracting the bar i^, overcomea the re- 
eiatance of the imring x, drawa the pine o from the hole x, and upfustena the lamp. 

Landau’s Sq^eti/ Lamp . — This lamp ia extinguiahed when the gaa present in the air 
of the mine is sufficient to impede respiration, and it cannot be opened without ez- 
tinguiahing the light. 

The way in which atmospheric air is supplied to the flame in this form of lamp is 
as follows : At the base there is an annular chamber, the upper edge of which forms a 
horizontal peripheiy, in which are perforations protected either by wire gauze or per- 
forated metal-plate. Through these orifices the air enters, passing into and circulating 
in the chamber. Beneath a portion of the perforated periphery there are holes in the 
vertic^ side of the chamber beneath, giving passage to the flame of the air necessary 
to maintain combustion. Thus explosive gas will not bum inside this lamp, because 
it cannot enter it unless there be a strong down draught, and when tl^st ti^es place 
it extinguishes the flame. The reduction, gradual or otherwise, of the flame is a 
useful warning of danger. When the gas is in excess the lamp goes ont. The me- 
chanism for extinguishing the lamp is very ingenious and oflective, as arc also the 
arrangements with regard to burners, wiok-holders, and other details. 

The peculiar features of the lamp are two, and in both there is an improvement 
upon the lamps in ordinary use : — First, the contrivance for extinguishiug the flame 
as soon as any attempt is made to open it ; secondly, the careful regulauon for the 
admission of air and the exit of products of combustion. All air entering the lamp 
passes through two thicknesses of wire gauze, and enters quietly without draught. 
We have immersed the burning lamp in a mixture of marsh-gas and air, as well as 
directad a jet of coal-gas upon it— in both cases with 
the same result, namely, immediate extinction. The 
light given by this lamp is, of course, much superior to 
that of the Davt. 

The following description of the diagram will more 
clearly elucidato the construction of this ingenious 
lamp. A is an annular air-chamber, formed in the 
lower portion and having three series, each consisting of 
five holes, a, disposed uniformly round the circumference, 
thus leaving between them three portions blank, or un- 
provided with holes. These perforations are protected by 
wire gauze, and through them the atmospheric air passes, 
in ordisr to circulate within the annular chamber. The 
casing, a*, forms the outer wall of the annular chamber, 
and in the inner wall are three circular holes, a*, pro- 
tected by wire gauze, but arranged so as to be between 
the three series of smaller holes above mentioned. The 
air for keeping up the combustion of the lamp enters 
through the ^rforations, a, a, circulates through a 
portion of the air-ohaniber, a, and passes through the 
noles, a* a’, to reach the burner, h, b is the oil- holder, 
resting on the bottom of the annular chamber, and 
fitted in a eocket, 6*, in such a manner that it can be 
turned partially round. A recees, as ehown, is formed 
in the ou-holder to receive the lever hinge or actuating 
contrivance, c, of an extinguishing plate, /; and the 
oil-holder ie united to the socket, 6*, in the bottom plate 
of the anniUar chamber by a bayonet joint ; that is to 
say, a stud or pin on the oil-holder engages in a right- 
angled slot in the socket, holding back the extinguish- 
ing plate, as shown in the figure. A spring, g, is 
attached to the oil-holder, and, when released, permits the extinguishing plate to fall 


2620 
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tpon, and therefore eztinguiih, the lighted iriok; but when the oil-holder ie so turned 
in ite socket that the bad end of the lever, e, eiuBegeB with the hoo^ «, on the inner 
widl of the annular chamber, the plate, /, is held in a nearly vertical position free 
•from' the wick, and therefore allows it to mnain ignited, p is the upper portion of 
the lamp ; K is a collar or ring screwed into the under side of the upper portion of 
the lamp, and eariying a hook which, when the two parts of the lamp are fitted 
together by their conicu joint, comes in contact with the lever, e, and when the said 
upper pi^ is turned— say about one-eighth of a revolution— thus moving the oil- 
holder with it, the plate, /, though it be moved awa^ from the hook, f, will still be 
kept raised by the nook just mentioned, and which u not shown in the engraving. 
If, however, the miner should endeavour surreptitiously to open his lamp by detach- 
ing the upper from the lower pa^ the hook above mentioned will no longer retain 
the plate, /, in its upright position, and, therefore, the light will be immediatelpr 
extinguish^. In the upper portion of the lamp, as shown, there are three coucentno 
chimneys, p, p*, and but the outer one may be dispensed with. The innermost 
chimney has a wire-gauze diaphragm, p*, near the top, and also a solid cupped top, p\ 
There are lateral openings, p', in &is chimney near the upper part, and a reflector, 
is attached to its lower end. To the top of the intermediate chimney, p”, is fitted a 
wire-gause disc, p", space being left between the outer periphery of the disc and the 
inner periphery of the chimney. On the top of the outer chimney, p, is hinged a 
flanged hollow cap, 9 , to which is attached the suspending ring by which the lamp is 
csrned. 

T%e ‘ Protector ’ Miners' Lamp. — The inventor of the Protector lamp, Mr. W. T. 
Tjulb, of Worsley, near Manchester, has contrived a lock that will prevent a naked 

2521 2522 



Figt. U22 and 2628 show the upper and lower portions of the type of lamp known 
as tM ^Olanny,' with the protector principle addM; and fig. 2621 ehowe a vertical 
^tion tJuou^ the complete lamp, a ie the wire gause ; B, the glass cylinder below 
it, bedding on the plate, c, which is provided with an aperture, d, screws to receive, 
tile extiognisher-tubeb lids tube is, in turn, provided with a coarse thread to 
motive the burner, l, shown in fig. 2623, in which same figure also appears the 
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fliding-eoTW, i, for dosing the oil-reserroir. The reservoir is filled with a sponge, o, 
in eosineotion wth a permanent wiok, w, reaching to within a short distance of the 
top of the burner, the remaining space being occupied hy a 
short asbestos wick, x, which, though unconsumable, may 
be renewed should occasion require. The ' Protector * prin- 
ciple consists in its being impossible to remove the lower 
or reservoir portion of the lamp from the upper, without at 
the same time extinguishing tne flame ; and this is accom- 
plished in the following manner: — ^When the lamp is 
trimmed and lighted, with the extinguisher-tube screwed 
in its place over the burner, all these parts together are 
screwed into the plate, c, of the upper portion, from which 
they may be again withdrawn as long as the bolt, o, sliding 
in the! projection, f, is kept clear of the extinguisher-tube. 
Directly, however, this is shot home, its hollow,- curv^ end occupies the space between 
the flanges of the extinguisher-tube, and prevents the latter from following the burner 
on the latter being unscrewed. The consequence is, that, on the burner being drawn 
below the tube, even to the extent of one-third of an inch, the flame becomes extin- 
guished, owing to its being deprived of the oxvgen necessary to support combustion. 
The bolt is retained in its place, after being shot, by the small spring, shown in the 
separate view of the bolt, flying out and butting against the portion marked a of the 
casing. ^ the projection, h, works the old screw-lock, turned by a ' key,* it is true, 
but to imitate which very little mechanical ability is required. This excrescence does 
not hinder the reservoir portion from being turned round so as to reduce the light, if 
desired ; but it prevents the two parts from being entirely separatCi, owing to the 
upper flange of the reservoir coming in contact with the end of the screw. 

Vatbs’s Sqfetp Lamp. — Mr. William Yatks, of 24 Duke Street, Westminster, has 
been endeavouring to constmet a miner's lamp which shall possess all the advantages 
of the * Davy ’ with none of its defects. To this end he has removed the wire gauze 
from that part of it which surrounded the flame, and replaced it by a strong lens or 
bull’s-eye glass on one side, and a silver reflector on 
the other. The result of this arrangement is that his 
lamp gives a light estimated at twenty times that of 
the Davy, and sufficient for all necessary purposes. 
By this means the temptation to expose the flame to 
obtain more light is removed. He further provides 
a complete check against the practice of heating the 
lamp by moans of the flame, for it is placed so low that 
it cannot be made to approach the gauze either by the 
breath or by tilling the apparatus. Ho has remedied a 
third defect. The lower portion of the apparatus con- 
tainiug the oil-reservoir and the wick, which is screwed 
to tile port which consists of the gauze fbnnel, the bull’s- 
eye, and the reflector, has a spring bolt attached to 
which catches each time the screw is turned, and Anally 
locks together the two parts of the lamp. The bolt is 
easily removed by another screw, but this cannot be 
done without at the same time withdrawing the wick 
atad extinguishing the flame, and it thus becomes im- 
poBsible to obtain a light by opening the lamp. The 
new invention thus remedies the chief defects of the 
old lamp, and those to which the accidents still occur- 
ring in mines are chiefly attributed. It is much more 
j expensive than the forms of the lamp now in general 
use, but Mr. Yaths states that the saving of oil eileeted 
by its use will in one year pay the additional cost, 
although this economy in use is only a eubordinate 
eonsideratioo— though not on chat account the less 
•ubstantisl. 

The accompanying engravings will show the oon- 
struction,^. 2624 being a sectional elevation. 

A, A, is the body of the lamp, comprising the oil-reeervoir, a, a, the fixed wick-tube, 
6*, the movable wick-holder, 6, and the parte connected therewith ; and at e, e, sdMwed 
into the upper part, b, which comprises the gauxe chimney, d, the lens, e (c)t and 
metal reflector, /(d). The lower end, b^, of the part, b, is made with a flange 
recsBMd under part, in which there are a number of ratchet teeth, as shown at 
{Jig* k626), wUch is a view of the under side of the part B*. The wick-hqldMr or 
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carrier, b, ic capable of being moved vp and down in the fixed tube, A', bj neana of a 
acrowed pin, h, paasing throngh a nut made in an arm, b*, attaobed to b, and of which 
the lower end paasea through a atuflin^-box, i. in the 3521 

'bottom of the oibreaervoir, and ia proviaed externa^ 
with a milled head, A* (n in the |;eneral view), a * 
it may be turned from the outaide when it ia x , 
to lower the wick. The acrewed pin, A, paaBes ; 
throuffh a hole in a cranked arm, which carriea at ito 
opponte end a vertical pin, the upper end of which, 
projecting up into the reoeaaed pa^ n*, of the upper 
half of the lamp, works in guides or sockets, as shown 
at Jfiff. 252A, and is pressed upwards by means of the 
spring. A, which bears against the cranked arm, t*, 
and keeps the upper end of the pin against the ratchet 
teeth, g g. 

The operation of the Tarious parts of the lamp is as follows : — ^If it be desired to 
detach the lower or burner part of the lamp from the upper part, the locking-pin 
must be drawn down before the lower part of the lamp can be unscrewed. The with- 
drawal of the pin from the ratchet teeth is effected by turning round the milled head 
of the screwed pin, which passes through the nut made in the arm attached to the 
wiok-carrier. By so doing the wick-carrier or holder will be drawn down and the 
light extinguished ; the nut will then be brought down on to the end of the cranked 
arm, which, when forced back, will at the same time draw down the luuking-pin out 
of contact with the ratchet teeth, and allow the lower part of the lamp to be un- 
screwed ; but the light will have been oxtin^ished before the lamp can be thus taken 
apart. When the lamp has been trimmed and lighted it may be screwed into its 
place in tht upper half; the pin will then bear against the ratchet tooth, being 
pressed upwaids by the spring ; the upper end of the pin will rub over the teeth as 
the lamp is screwed in ; but it will effectually prevent the lamp from being unscrewed 
until the pin has been drawn down in the manner described. 

It is by means of the safety lamp that the presence of fire-damp in mines has 
hitherto been recognised, but its indications are not very exact. Thus, according to 
Maljjliw, it is only when the proportion has reached 6*7 per cent, that the Mubsulbr 
lamp shows the presence of the gas by a blue aureola round the fiame ; others say 
8 per cent., and then there is danger of explosion. H. CoouxiuoK b’as just described 
(1677) to the French Academy two pieces of apparatus, which he calls griaonmSiras, 
or fire-damp measurers. One is for determining the quantity of proto-osrburetted 
hydrogen in the mine itself; the other, brought into the engineer’s room, serves to 
control the first by analysis of gas collected at different points of the mine, where tlie 
first observations have been m^e. The principle of both these arrangements is, that 
hydrogen or any of its carburettod compounds in the state of gas is completely burnt 
in presence of oxygen, and a palladium wire raised to a white heat. 'Water and nor- 
bouic acid are formM, and a suitable graduation of the apparatus will give the propor- 
tion of carbon. The palladium wire may be used fiot only for carburets but for other 
gases, BO that it may with advantage replace the electric spark in eudiometers. It 
gives detonation only in the case of a detonating mixture of oxygen and hydrogen, and 
^is detonation is always veiy weak. M. Coquiuion’s apparatus may be expect^ to 
prove very useful in the study of the questions relating to ue-damp in mines. 

•AIVXiOWMt. (Vol. iii. p. 737.) OaBTHAxus (vol. L p. 786.) The importa- 
tion of this dye drug in 1876 and 1876 was as follows : — 




1870 

I 

1876 


Owt. 

Talus 

Owt. 

Talus 

From British India : 

„ Bengal .... 

„ other Oountries 

3,029 

2 

12,766 

7 

3,626 

226 

d 

13.700 

600 

Totol 

3,031 

22,762 

3,761 

14,200 


See vol. iii. p. 737, for a description of the ordinary manu- 

fretnre of this dye. A. Orr recommends as the best method to treat with 6yrupy 
aisenio acid the aiotised compounds obtained by acting with nitrous acid upoa heavy 
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aniline oile, containing tolonidine and boiling at 198" to 200" 0. For the prepam 
tion of the nitrous acid M. Orr takes 1 part of starch and 8 parts of nitne acid, 
which he heats in a water bath. The gas generated is passed through sulpliurio 
acid before being conducted into the aniline oil. When the aniline has become a 
maroon brown, and crystallises on a watch glass, 100 parts are mixed with 90 parts 
of arsenic acid at 72 per cent. The arsenic mnst be added rery slowly to prevent 
too ra^id a rise of temperature. It is then heated on a sand bath until a violet 
coloration appears. M. Ott says that it is necessary to heat 60 grams for at least 
two hours. The whole is then boiled with water containing lime, in which the 
violet colouring matter is iusuluble. To remove the deposit formed, the whole is 
poured upon woollen filters, beneath which is a layer of sand. The filtrate is 
saturated with hydrochloric acid, and an excess of chloride of sodium is added. The 
precipitated saflOnnin is purified by solution in acidulated water and re-precipitation 
with salt . — Moniteur Soient^qutt 1874. 

8AC90. (Vol. iii. p. 738.) t)ur imports of sago in 1876 and 1876 were as fol- 
lows : — 



1876 

1878 


Cwt. 

Talne 

Owt. 

Value' 

From Borneo .... 

„ Straits Settlements . 

„ other Countries 

6,500 

350,064 

8,793 

£ 

4,800 

264.371 

3,022 

5,735 

827 

A 

3,908 

233,285 

625 

Total 

360.357 

272,193 

338,230 

237.902 


8AZiA2rCIAV SWAXiXiOW. The bird which produces the edible bird's nest 
of the Chinese. The following interesting account of this bird and its works is from 
Chambers* i Journal : — 

* What sort of .thing is the edible bird’s nest that ministers to the taste of the 
luxurious Chinese ? It is that portion of the fabric which servos as a sort of bracket 
on which the nest Itself (made of grass, sea-weed, fibres, sjuall leaves, &c.) is built. 
There are two forms of this support, one fiat like an oyster-sbell, the other deep and 
spoon-shaped. It is a transparent mass, somewhat like isinglasB, mother-of-pearl, or 
white horn, and is of animal origin. It was formerly supposed that this gelatine-liko 
mnss might he prepared in the bird’s crop, from sea-we^ and other marine plants. 
This, however, is a mistake. If one opens the animal’s stomach about the time of 
building, it is found to contain insects, but no vegetahls matter : moreover, in all 
species of the family of swifts, the crop is wanting. Dr. Bhrstbisv has found that at 
that season the salivary glands under the tongue are enormously developed. On 
opening the bill they are seen as two lar^ swellings, one ou either side, and these 
cniefiy supply the material in question. They secrete a viscid mi^cons sutetance like 
a concentrated solution of gum-arabic, which can be drawn out of the mouth in long 
threads ; and in the air it soon dries, and is found to he the same (even micro- 
scopically) as the bracket material. Blades of grass and similar olgects can be stuck 
together with this saliva ; and there is a species of salangan fsnp^ed, but erro- 
neously, to feed on sea- weed) which does not make a pedicle or bracket on which to 
build Its nest, but merely racks together, by means of its saliva, some gross, dry 
leaves, and sea-weed, and fixes them directly to the rook. The nests of this species, 
however, «re not of great conjmercial importance. 

* When one of the little birds wishes to begin building it flies repeatedly against 
the selected spot, pressing each time a little saliva against the rock with the tip of its 
tongue. This it will do from ten to twenty times, moving away not more than a few 
yaras in the intervals. It then alights, and arranges the material in semicircular or 
horse-shoe form on the rock, continuing to add saliva ; and by the motions of its body 
from side to side the yet soft ealiva is forced out over the harder parts, producii^ 
those peculiar undulat(^ bands which give the nest a stratified appeatsnee. It is 
thonght not unlikely that part of the secretion used by the bird comes from the 
laigmy developed glands in its stomach ; also, that gelatinous matters picked* up in 
tbq surge are employed in the construction of its nest. The salangan never uses the 
same nest more than ones, and that for only a month, and after we young brood is 
ilown, the nest soon decays and fiills to pieces. The salangans are generiuly found 
to build their neats in the rocks of the coasts but not always. Thus, multitudes cf 
them an met within the Hmestone caverns of the dktiict Bandong, vdileh ia nsariy in 
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the middle of Jara, and ten miles from either the north or the sooth coast. It is 
ascertained, too, that these birds leave their nests every morning to seek their food 
along the coast, so that the^ must travel at least a score of miles daily ; in fact, these 
busy .creatures, like the swifts of our summer, appear to be on the wing the wWe of 
the day long. 

* The greatest trade in birds’ nests is done with Canton, the entire import there 
being rei^oned at 1,200 piculs or 168.000 lb. We may reckon on fifty nests to the 
pound, BO that alto^ther 8,400,000 nests, or, from three pluckings, the products of 
2,800,000 pair of birds, are annually introduced into China. There are, principally, 
two Idnds of nests distinguished in Canton — the mandarin nests, and the ordinary ; 
the former, or perfectly white kind, are sold at three to four thousand dollars per 
picul, which is double their weight in silver. Each pound thus costs in Chins twenty 
to thirty dollars — a quite exorbitant price, compared with that which the salangan 
pluckers themselves receive for their dangerous work, and which is, at the most, only 
ton to twelve per cent, of the market value. The second quality of nests are 
sold at sixteen hundred to twenty-eight hundred dollars. There is a small trade 
done in the kind of nest built by the so-called seaweed-eating salangan, referred to 
above ; these are sold at tw5 hundred dollars the picul. The nests are dissolved in 
water or broth, and so taken as soup. It is higUy spiced with minor substances. 
This forms an entrie which is rarelv wanting on the tables of the wealthy Chinese, 
and never from that of the Imperial Court at Pekin. The Chinese set a nigh value 
upon it, considering it one of the best stimulants ; hut for this opinion there seems to 
bu little or no ground. The most recent analysis of the nests we owe to Professor 
Truschbl, of Bonn. He finds that the material does not consist of specially 
nourishing or stimulating substances, but is quite similar in constitution to any 
animal saliva.' 

■AUCmzO AOZB. See Saltciw, vol. iii. p. 789, and Watts’s Dictionary of 
Chemistry. Kolbb and Lautbmawn {Ann. Ch. Pharm. cxv. p. 177) published in 1860 
their method of obtaining this acid from carbolic acid. It had been obtained in 1844 
by Cahours from the oil of winter-green. It exists also in the flowers of Spiraa 
Ulmaria {Gaultheria prooumbens), but Koubb's method posseBses many advantages. 

Watts gives this acid the fonnula 

Within the year 1876 Koina has discovered and drawn attention to the peculiar 
preserving and disinfecting properties of salicylic acid. This has been most fiilly 
confirmed, and hence it becomes essential that this chemical body should find a place 
in this dictionary. 

Salicylic acid is obtained from carbolic acid by the following process : — The satu- 
rating capacity of carbolic acid and also that of a soda lye is determined, and both 
are then mixed according to equivaleuts, bo as to form carbolate of soda. The solution 
thus obtained is carefully evaporated to dryness, taking care that the dry mass sticking 
to the bottom of the vessel is constantly remov^ by scrapers, and that the mass itself 
is also constantly crushed with a pestle or other tool, to facilitate its drying out, until 
at len^h the carbolate remains as a {»rfectly dry {murder of a rose-red tint. Excess 
of car^lic acid ^ves always an inferior dark-looking residue. The diy carbolate is 
then either put into the retorts at once, or it may w kept for further treatment by 
putting it, while hot, into vessels which may be hermetically sealed. The fact that 
carbolate of soda is very hygroscopic explains the necessity for keeping it from the 
air. After the carbolate is put into the retorts, they are slowly heatra to 212° Fahr.. 
and when this temperature is reached a slow current of perfectly dry carbonic acid 
gM is allowed to enter the retort The tempmture is then slowly increased to 856° 
Fahr., and may towards the end of the operation reach to 428° to 482° Fahr. About 
an hour after the beginning of the operation carbolie acid will begin to diatil, and the 
procees may be considered finished if, at the latter temperature, no more carbolic aoid 
passes over. It will be found that the distilled carbolic acid amounts to just one-balf 
of the original quantity employed. The residue in the retort is basic talioykUs of 
oodot which is dissolveo, dna which, on acidifying with an acid, yields a brownish 
coloured crystalline precipitate of Salicvlic acid. For purifying the crude acid u 
obtained by thia process Aaxttisbt’s method is usually employed. The crude acid ia 
placed in a retort and strongly heated to 888° Fahr., when a current of steam at like 
temperature is iiyected into the retort. In the presence of the superheated steam the 
aoids distils at once ; and after a short time nothing remains in the retort fa^ a black 
resinous mass. The apparatus must be arranged with a movable wire paasing up the 
neck of the retort, eo that it may be kept free from crystals. 

M. B. WaoMb gives a statement of the uses to which thia acid can be applied in 
the arts and mannfactnres 

4 eonoentrated solution of salicylic acid applied to fresh meat b said to kssp it 
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in good condition for a long period, if it is placed in well-cloied resaeli. In the manu* 
fiuituw of saneages and au^ foods it is found very useful. 

Butter containing a little salicylic acid will remain fresh for months even in the 
hottest weather. It prevents the moulding of preserved fruits, and the formation of 
mould in vinegar. 

Glue is rendered more tenacious by its use, and the decomposition of gut and 
parchment, or of skins during the process of manufacture, is prevented. Weavers' or 
booksellers’ glue and albumin ma^ be preserved by the use of salicylic acid. — B. 
Waoitbr : Dinol. Polyt. Jour, cczni. 

HBBMAinr Endbmakn {Jour. P. Chem. zii.) states that 1 part of salicylic acid in 
200 parts — especially in acid solutions — prevents the development of bacteria. He 
also states that phosphates combine with salicylic acid and render it ineffective. 

H. Kor.BK, in the same journal, describes his experiments with E. von Metbu: — 

Pieces of beef and mutton were thoroughly rubbed over with dry salicylic acid and 
pressed into glass beakers, covered with parchment paper soaked in a warm solution 
of salicylic acid. The meat kept for several weeks and then putreded. Pieces of 
moat wore immersed for some minutes in a hot solution of salicylic acid and then 
placed in covered jars. They kept good for several weeks in summer, then became 
putrescent and mouldy. Better results were obtained by immersing the meat in a hot 
solution of the acid, to which sulphate or chloride of potassium was added. The 
meat so treated kept good for a long time in glass vessels covered with paper, and 
after washing with warm water proved tender and good when boiled or roasted. 

Bread may be kept fresh and free from mould for six or eight weeks by means of 
salicylic acid. 

Salicylic acid added to new wine entirely prevents after-ferment(i|^'on. A grain or 
two of the acid added to a bottle of wine prevents it becoming stale or iour when left 
open. Beer in like manner keeps well for about four months. The following ex- 
periments are given : — 


Beer brewed in January 1876. 


SahryUe Acid 
added 

Examined in August 187S 

ExamlncHl in December 1870 

Grama 

0 

2'6 

6 

10 

20 

40 

Sour, 

Not good tasted. 

Good tasted and in good condition. 

Good, sparkling, and clear, of 
good taste and aroma. 

G<^, sparkling, clear, and full- 
bodied. 

Bather too new in taste; very 
good. 

Sour. 

Sour. 

Good tasted. 

Good in every respect. 

Clear; excellent in every respect 

Full-bodied and very sparkling. 


■A&T. Rock salt is obtained in this country from the New Bed marls of Cheshire 
and Worcestershire, and in Ireland, from near Belfast. Recently deep borings have 
disclosed the fact that very extensive beds of salt exist beneath the ironstone beds of 
Cleveland. The white s^t is obtained by evaporating the brine pumped from the 
pits, or by dissolving the rock salt and allowing the solution to crystallise. 

Salt, Production qf, in the United Kingdom, in 1876 : — 

Tons 

Bock salt 164,681 

White salt 2,118,726 


2,278.266 


CnsEiBH.— Northwich, Middlewich, Winsford, &c. 

Tons 

1,260,600 
160,000 


White salt 
Bock salt 


1,400,600 
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Tkt ^pumtitia rfBooh SaU and WhUt Salt atnt doom tk$ Sim Weaver <» eaek qf 
the laet ten years 


Tor the Tear ending 

BookSdt 

'WbltoSilt 

Total 


Tone of SS owt. 

Toni 

Tons 

March 81, 1868 . 

49,769 

868,679 

918,438 

„ 1869 . 

68,696 

901,666 

960,262 

„ 1870 . 

67,410 

901,168 

968,668 

1871 . 

82,766 

930,661 

1,018,816 

„ 1872 . 

91,084 

996,881 

1,087,466 

„ 1873 . 

96,4294 

918,068 

1,018,497^ 

„ 1874 . 

09,814 

849,284 

049,048 

1876 . . 1 

100,662 

646,680 

1,046,101 

1876 . 

109,834 

1,009,667 

1,118,991 


Staffobdbhibb and WoncBSTBsaEiBB : — 

8hirle3nRrioh, &c. . 

Droitwich .... 
Stoke Prior .... 


^ 256,000 tone. 


Ibsland: — 


Bo(^ Salt •■•••• 82,810 tons. 

Salt exited to Foreign Countriee in 1876 aa oompared with the tvot previoue 
ysora;— 


Oonntriei to which 

Quantities 

Talne 

Bzported 

1674 

1875 

1876 

1874 

1876 

1876 

Salt, Rock and White : — 
Russia 

United States . 

British N. America . 
British India . 

Other Countries 

Tons 

81,103 

180,281 

66,429 

276,900 

236,396 

Tons 

61,144 

220,296 

67,930 

329,141 

240,003 

Tons 

90,663 

218,628 

61,737 

252,306 

281,006 

£ 

61,696 

164,144 

89,667 

220,168 

176,729 

£ 

42,726 

177,471 

84,462 

248,646 

178,362 

£ 

68,082 

166,906 

27,967 

146,882 

146,220 

Total • • 

828,109 

917,614 

864,668 

662,808 

676,666 

629,647 


It is of some interest to note here the analysis of the brine derived from the salt 
spring at Walker, from which the first quantities of alkali made in England were 
produced. The analysis was made by a Mr. G. Woods, and is stated by Mr. B. 0. 
CxAFHAii as follows :~ 


Contents in 1,000 grains Brins, 


Ohloride of sodium . 
Chloride of calcium . 
Chloride of magnesium 
Carbonate of lime 
Carbonate of iron 
SUioa . . . 


82 grains 
ZO .. 

V 1 grain 


48 grains 


It WBsnpon this brine that the experiments of Mr. Lose and the Eabl or BmnNiiraKD 
were first oommenoed, and oontinned until the repeal of the duties on salt. 
illASTp BOfiPSp in Prussia. See Fbussu, Mucbral PnoDuonoE of. 
BJUUMUTTIIi'O MAOSSn. Picperiments with a Book-salt Ouiting 
Maohine at Wiekeaka.--* The working of rook salt by the ordinary method of eKoavi- 
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tins wihh a pick and blasting the undercut mass is attended vith the disadvantage of 
making a la^e amount of small salt, besides giving lum^ of irregular form which 
are inconvenient for carriage. It has therefore been considered desirable to substi- 
tute, if pomble, the use of cutting machines for hand labour in the Wieliceka mines, 
and for this puroose ezperimente have been made with a machine supplied by Stakuk 
and Ruska, of rrague. The method of working the salt at present used is to divide 
it into rectangular blocks by grooves about 25*6 in. deep botn at the top and bottom 
of the bed, and vertical cuts of the same depth from 6 to 10 ft. apart. The blocks so 
released are brought down by wedging and broken up for sale, into lumps varying 
from 30 lb. to 88 lb., and in order to satisfy these conditions it was necessary to 
employ a “ Universal " machine, capable of cutting at any angle. The maximum 
deptli of cut required is 30 in., and the vertic^ distance between the roof and floor of 
the salt-bed is 4 ft. 

< The cutting arrangement is similar to that of Winstanlet and Barker’s coal- 
cutting machine, i.e. a large tobthad wheel carrying steel cutters on the circuin- 
ferenoe, mounted at the end of a lever so as to move radially while at the same time 
it is slowly rotated by a pinion ; but. unlike that machine, the construction is, by 
reason of the various directions in which it is required to work, exceedingly com- 
plicated, there being no loss than four changes of motion between the driving axle 
and the cutting wheel ; the arrangements l^ing generally similar to those of an 
engineer’s radial drilling machine, with additional movements for varying the plane 
of the cutting wheel. The machine is self-acting, being moved on a line of rail- 
way by a hauling chain passing over a drum under the framing, the ends of which 
are mime fast to fixed traversers at either end of the gallery. The driving engines 
have cylinders with a stroke of 7 ’6 and 12 in. Compressed air is us^ as the motive 
power. With a pressure of 2*36 atmospheres, the engine makes one hundred to one 
hundred and twenty revolutions per minute, which is reduced by the various trains 
of gearing wheels to eight revolutions of the cutting wheel. This has twenty teetli, 
and seven cutLers to every fhur teeth, so that thirty-five blows are struck in each 
revolution, or two hundred and eighty per minute, against the surface of the rock. 
The maximum rate of movement of the machine in undercutting along a face is 4 in. 
per minute, the corresponding depth of cut being 0*475 in. per revolution. 

*The experiments wore commenced in July 1876, upon a bed of salt nearly 6*6 ft. 
thick, but varying irregularly in dip in all directions, upon which a working face of 
105 feet had been prepared. The horizontal cuts were put in from 0'4 inch to 
12 inch above or below the actual floor or roof of the bod, partly to prevent the 
small salt being mixed with dirt from the rock, and partly to prevent the roof 
scaling into the workings, which invariably happens when the entire thickness of salt 
is removed. 

' The results of eight months’ working show that the machine can cut horizontally 
50 sq. ft. per hour. When slitting vertically to a height of 5’9 ft., the reversal of 
the cutting-frame headstock occupies about three-quarters of an hour, so that the 
rate of progross is reduced to 30 or 40 eq. ft. per hour. 

‘ The cutting points, made of cast steel, will cut a surface of 452 sq. ft. in clean 
salt without requiring to be reset, and each set will bear sharpening five or six times 
before they are worn ou^ or 2,712 sq. ft. can be cut with one set of points. If, how- 
ever, bands of anhydrite or sandstone are met with, the points are ground off 
immediately. 

* The average cost of cutting by the machine appears to be about 00 kreoEers 
(21*6(f.) per sq. mitre, os against 1*15 florin (27'6d.|) per mitre paid for hand-work. 
The principal advantage ia, however, to be found in the dimimahed proportion of 
small salt to lumps, the latter being worth about Is. per ton more than the former. 
In the ordinary way, working by hand, the percentages are lumps 75 and smalls 25, 
while by the maemiie 88 per cent, of lamps and 17 of smalls are obtained. 

* Bessemer steel is employed fbr all the moving pi^ of the machine, except the 
cutting wheel and driving pinion, which are of crucible steel. The cost is about 
430/., and that of the air-eompressing arrangements, which are derined to drive 
other machines as well, 900/.’ — A. Jakota, Oestsrrsiohisehs ZeUseh^t /&r Bsrg- 
und ISitten/wssent vol. xxv. p. 227. Translated in Abitract Papers sf Fofsign TVoiw- 
aoHonSt by Institute of Civil Engineers. 

•AXiTFBna. (Nitratb or Potash, Nitbb, vol. iii. p. 954.^ Potash is now 
obtained from beetroot The uni^tallisable sugar of the beet— which is ooDfidMuble 
dn SOBS varisties qf the plant — is converted into ^sedud by the oidkaiy w oeiss of 
vinous fermentation and subsequsRt distillation ; the residuary mssi is esimasd, and 
the potashes sepamted in the ordinary way. 

Omr imporwUom wen asfolhwe m 1675 and 1876 
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187S 
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Oert. 

Value 

Owt. 

Value 

From Germany .... 

24,994 

g 

81,660 

14,878 

£ 

13.976 

„ fiollaud .... 

4,687 

8,117 

3,806 

8,460 

„ British India ; 

„ Bombay and Scinde 

4,621 

8,728 

1,702 

1,284 

„ Madras .... 

6,607 

6,081 

7.208 


„ Bengal and Burmah 

287,947 

230,906 

282,888 

211,697 

„ other Counlriee 

4,744 

2,948 

1,103 

1,197 

Total . 

282,660 

287,280 

260,679 

238,058 


■ASIAMIXITB. (CoLXTKBinx, vol. i. p. 908.) This minanl is found in the 
mica mine, called Wiseman, near the river North-Toe, Mitohel county. North 
C.irolina. 

Its hardness is 6*6 to 6. It is difficult to establish this exactly, by reason of the 
extreme fragility of the mineral. Its density is ■■6*72. The composition of the 
mineral has been determined bv La-wnanca Sicith (1) ; by Miss Eixaif H. Swallow 
( 2) : and by Ptofessor Aujui (8) : — 



1 

f 

« S 

Oolumbio acid . . • 

66*18 \ 

64*96 

/ 87*20 

Tantalic acid .... 

- / 

\ 18*60 

Tungstio and etannic acid 

0*81 


O’OA 

Yttna 

14*49 

12*84 

14*46 

Oxide of cerium . . 

4 24 

6*17 

4*26 

„ uranium . . 

10 96 

9*91 

12 46 

„ manganese . 

1*68 

0*91 

0*76 

„ iron .... 

11*74 

14*02 

10*90 

Magneeia . « « . 

trace 


Ca 0*66 

Loee of iron .... 

0*72 


1*12 

Ineolnble reeidne of oxide of 1 
cerium • . ■ j 

— 

mgm 

1*18 


99*12 

^ 99-74 

100*86 ^ 


— Mr. J. IiAwaaNoa Surra, on Nmo Colornbatn: Annaisa d$ (MmU ai d§ 

Oetober, 1877 : see Tket-book of Mineraloffif, by Daka. 

BAJVUVfll OBBS* See Oaas, BAim.iao or. 

BAWB BOB MOVBBSBXa The best sands for the pnnosea of the 
are, generally, the alluvial deposits, found in the beds of rivers or in eetnariee. 
Those that contain the largest amount of pure silica are preferred. Oaeting sead is 
a matter of so much importance, that it is brought, at considerable cost, from greaS 
distances. The sand deposits at the base of St. Agnes Beacon, Oornwall, ere much in 
request for this purpose, and, being very refractory, they are also much u^ for lining 
the copper furnaces. A sand found near the Qreat Orme's Head is also mum 
son^t after. Some of the sands of the coal measures ere preferred in many of the 
noifprodncing districts. The great point appears to be to have a due admotore of 
silica and alumina, and freedom from lime or magnesia. The sand ahould hold well 
together Without Ming tenacious. For the chemieal oonsUtnents of sands, consult the 
descriptions of the rodts from which th^ have been derived. Sands bm most fre- 
quent^ disixlttgiated quarts roek, but they are often formed by the wearing down of 
i^er xoqke, end not onfrequimtly by the grinding up of ehella. There are nuaeroue 
dsmsits sand spread over these idaade which appear to belong to the gledal epoch. 
Mm edUia of them to en earlier Moloflical asm. 

Thh IbOewing analyeea of aand are given in Panor’e vbl. i, p, 

Br« Pmm qnotee from H. KiiiniAmr, has given the analyses ^ sands effiplcgwd 
for Mimlde in various foundries 

SB 
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SANDBBS WOOD. 



1 

t 

1 

4 

Silica 

Oxide of iron .... 
Alumina . • • . . 

Lime 

92088 

2*498 

5*416 

traces 

91*907 
2*177 
6*688 
0*416 ' 

92 918 
1*249 
6*860 
traces 

90*626 

2*708 

0*667 

traces 

99*096 

100*182 

100*012 

100 000 


1. Sand from the foundiy of M. FnairiraT, at Charlottenbnig. 2. Sand employed 
in Faria for bronzee. 8. Sand frpm Manoheater. 4. Sand from the establishment of 
Saania, near Strombetg. * 

Aoeording to M. Kiimuim, a good aand for moulds may be artificially made from 
the following mixture : — 


Fine quartaose sand 98 

Bed English ochre 2 

Aluminous earth the least pcMsible calcareous . . .6 


In the Museum of Fn^cal Geology is a Terr fine iron castings which was exhibited 
at the Paris Exhibition in 1866* It is a circular 4iac, ^0 in. in diaqieter, and about 
j^ths of an in. in thickness, presenting a pattern of elegant perfomte4» traeeiy-work ; 
Its surfoce is remarkably smooth, and the easting is sharp and oven : it was produced 
at the works of Count j^unRO-WxurioanoDn, at Usenberg, in the Harts Mountains. 
The sand, which adhered to the sui^face of the casting as it came from the mould, was 
punKiaelj left attached, and of this a portion was taken for the analysisj which was 
m ad e In the laboratcny of the museum by Mr. J. Bpiixbb : — 


Silica .... 

. . . 79*02 

Aluminii. 

. 18 72 

Protoxide of iron . 

. . . 2*40 

Oxide of copper (CuO) . 

. . trace 

Magnesia 

. 0*71 

Potass .... 

4*68 


This sand is stated to consist of three different kinds of material, namely, oommon 
argillaceous sand, sand found in diluvial deposits, and sand from solid sandstone. As 
the first two contain clay, they are carefully heat^ to dehydrate the day. The sand- 
etone is pounded under a hammer, and nrixed with an equal weight of each of the 
other two kinde of sand. The mixture is ground by iron balls in a revolving drum, 
and afterwards^ pessed through a wooden cylinder, which moves up and down. It is 
thus obtained in the state of the finest fiour, which in moulding: may be made to 
receive the most delicate impress. The modde used in making the eo-oalled * lace- 
castings ’ of cast iron are also prepared with this fiour of sand, the paUiermt being 
formed of stamped and perforated paper. Dr. Pjibct says a valuable casting-sand 
is obtained from the Hew Red sandstone at Binningham ; there is a quarxy of this ' 
tytud, at the Old Cemetery, the value of which one of the directors informed him soip** 
years ago was estimated at not lees than 20,0001. 

'«rOP», UH, or 6aunder»r or Sandal Wood, (Vol. iii, p, 781 ), 
The rod matter of the Bed Sanders Wood (the Bed Indian dyewoiM obtainM from 
Ptorocmus SantaUnua) is always accompanied by a brown colour which interferes with 
ifo me for dyeing. A now process for separating this has recently been pubUsbed, 

’ Ti^ princibles found in sanders are— (1) a bitter brown entra^ve matter 
sparingly soluble in cold water, but readily soluble in hot water ; (2) a matter 
(fiOiUmn) insolnble in water, solnble in alcohol and hot alkaline ^is 

principle undergoes a change if exposed to air in a moist state, and is, ig the preoenm 
of aU^es, oxidised ; (8) oanlatldm, one of the oxidation pr^ncts of Jt is 

not so solnble in water as santelin, but it dimolTes more fndiy in the other solvents. 

The powdered wood^ exhausted in boiling water to remove the bnm mattSTj is 
diffested in a cold clear solution of chloride of lime as long as this becomes cokmi^ 
tVnen this is done, it is csxafnUy wnAed in cold water, and dye Vtfr is 
pasid. A hot. but not boiling, solntion of carbonate of coda is The wmm is 

S it into a linen bag, is put into this, and the nan containing it is tightly aovfied. 

sat is applied, but the solution most not bon. lii^en bath has a^qqbfed a 

bright red colour with a violet tint, it is ready for use. 
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'Wwdlwit cotton, or linen mordnnted In an acid Imth are plunged into tbie ddoOetion 
of iandeni and worked about until thej hare acquired the deatred Mhade. Th^ 
•are then returned to the aeid mordant Shades of grwt brightness are thus obtainedL 
da h Soai4ti Ohimiqus dt Pofia, Februarj A, 187A. 

MVRAft« The name gfvUn to a sunposed solution of peroxide of hydroffen and 
a camphor. The hiTention of stnltad wuf be best appreciated by giving a tfsunU ol 
the reaearehes which hare, according to the p^ntee, led to it Ever since the 
discoTeiy of osone by ScHomumr, health-preserving powers have been ascribed to 
its prssenoe in the atmosphere, and tables have been constructed in which it has been 
attempted to show a certain sort of relation between the absence of osone and the 
amount oi prevalent disease. This osone vras believed to be partly the result of the 
action of electricity, but a more popular notion assigned it to vegetation. It wae 
suppoeed, in short, that plants generally, and particularly oil-secreting plants, possessed 
the power of so acting upon the oxygen of the air as to cause its conversion into 
OEcme. That an active agent of some kind is so formed there was no donbt ; bat its true 
character had never been established, since the tests applied for the detection of osone 
did not serve for its absolute identification. Notable among subetances giving similar 
reactions is the body termed peroxide of hydrogen, and it was to this substance that 
Mr. EtHGSiTT considered the osone-like characters of the atmosphere Surrounding pine 
and eucalvptus forestti to be due. In the course of his researches ' this theory haW 
been established. 

It is impossible here to consider these reseexches at all in detail, and it will be 
bemi therefore, to present the main features of them, more especially in their connec- 
tion with the manufacture of the antiseptic and disinfectant solution termed ' lanitas.* 
Kinozbtt found that when the essential oils of caraway, bergamotte, juniper, lemon, 
chamomile, turpentine, eueiUyptus, dec., and, in short, ail those oils which yiidd a 
terpene of the formula are exposed to air in the presence of water, they 

absorb oxycon and give rise to the formation of peroxide of hyd!iogen» which tiien 
dissolves along with other matters in the water. 

In the case of turpentine the reactions by which this effect is produced are as 
follows:— 

( 1 ) + + 

( 2 ) + 


That is to say, an organic peroxide is firmed, which, being unstable, is split up by the 
water into peroxide of hydrogen and camphoric acid. These, however, are not the 
only reactions that occur. Another part of the turpentine absorbs oxygen and pro- 
duces camphor by the reaction and a number of resinous and 

camphoraceons subeUnces, whose nature is not so well established. These also dis- 
solve in part in the water, along with the peroxide of hydrogen and camphoric acid; 
and together in eolution they constitute tne preparation temed sanitas, the manu- 
facture of which will be preeently described. 

Other natural gfonps of hydrocarbons allied lo the teroenes above named are 
represented by the formulm and Kixqcbtt snowed t^t these do not 

adiait of atm^^iksTie oxidation m the way that has been described', and conscqnehCly 
they cannot give rise to the formation of peroxide of hydrogen. It was ultimately 
found that bU bydrocarbons melding eymene as a proximate nucleus, as also cymene 
— — ^itself, mve peroxiae of hydr^en by Eneaxurr's method'; smd simultaneously 
with that chemist’s observations that the bodies aud fhil to give this 

piquet of atmospbetic oxidation, Wbiobt and ether chemiutu shoinaid* that uey also 
mil to yield cymene by those methods which would give rise to its production were it 
preseut as a proumote nucleus in the grouping of their molecules. 

Further, in support of EnroBBTr’s law or oxidation of the terpanei and allied 
l^dfUen^eiiu, he fbnnd that menthenc. which gives cyhiUn{ 0**fl*^ by Suit- 

ame methods, also gives peroxide of hy^gen when oxiolsud oS dlcnmibsfi. 

Now it will be seen that the method of oxidation employed by Spranrrr is an exact 
imitation of what oeoors in pine and eucalyptus forests. These trees secrete oils 
containing a teipene, and these volaUsing into the atmo^hers absorb oxygen and 
give rile to the vety same products whmb may be obtained in the laboratoiy. A 
port of the oil is, hiufever, changed by oxidation and otherwise while it yet remains 
m the trees, and in this way gums and camphors are produced. 

Briqg awntH efthS disinfe^lBg‘powers Or peroxide of hydropion, and the antlsmtio 
ehnnketar of camphor, KuraoTT was naturally led to investigate the pjtbpertles of 
that sdhiibn, * mttitas/ wUch is prepared as described below ; and it was fiaufitt ^at 

^ « Am Jtmsim; aar.lteek 1IT6 ; CNsi. Mnw, vSL xxxB. p. IfS; MsrSa Aunt, 
Aiptomesrln, 1876 ; Jamm* Soe, Artt, gsbr ua ry 16, 1677. 
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it poMMfed peeolUi^ ftraig powers in these direetioiis. Moreover, is the solution 
is Don-poisonous, ud non-injurions to clothioff, fhmitnie, siid vetils, it seemed to 
folfll 111 the ooaditions of an agent for which a great pnblie demand esiefai. In 
eoiyunetion, therefore, with Mr, Zuroins. Mr. KmonTT worked out a process hf 
which the oxidatioD products of turpentine could be rendered available for oommerciid 
purpoMS. This is done ae follows :—A number of three-necked earthenware vessels, 
standing in wooden vats containing water kept bj means of steam at the temperaturs 
of hot sunshine, are charged with about 80 gallons of water and ten gallons of tur- 
pentine, a current of air produced by a blower being forced through the mixture for a 
period vaxying from 60 to 100 hours, according to the strength of the product desired. 
In this way tee turpentine absorbs oxygen, and gires rise to the production of hydrio 
peroxide, camphoric acid, and various other camphoraceous substances which dissolve 
in the water underneath the turpentine, and thia ^ueous solution constitutes the 
antiseptic and disinfectant terme^ sanitas. The air which leaves the oxidisers is 
chargM with tuipentine, and this is recovered by causing it to pass in the first place 
into a box containing water, and finally up and down a number of scrubbers charged 
with pumice-stone. In this way the turpentine is condensed, and is returned to the 
oxidisers from time to time. 

Along with tee sanitas in the oxidiseni there is left a quantity of thick, heavy, 
oxidised oil, and this contains a considerable quantity of undooomposed camphoric 
peroxide. This may be shown by heating it to the boiling-point of turpentine, when 
it decomposes and pves rise to a torrent of oxygen. This oxidised oil has the power, 
therefore, of producing a further quantity of peroxide of hydrogen by slow decomposi- 
tion in contact with water, and, possessing this character, it is used forming sanitas 
soap, and also in the preparation of varnishes. 

•AmaviaMA. (* The Bowstring Hemps.*) Plants belonging to the genus of 
ZiUaoea, so called because the fibres were used in the countries where they are 
indigenous for bow-strings. See Textiui MATSBiaLS. Consult TAe Trtaafwry of 
Botany t by Lindlut and Mooux. 

SAMTASiBDCV. An oxidised product of santalin. See SawrAUN, vol. iii. p. 761. 

•AVOmrzOATlOir. M. Bibnbauv, in the Bidktin de la Shotiti Chimiqae do 
ParUt gives tee following : — 

*Pats are saponified industrially either by water under pressure or by dilute 
sulphuric acid in open vessels. The quantity of neutral fat reroainizig after industrial 
saponification is estimated by the quantity of glycerine set free by the action of 
oaustio potash. An indigenous tallow, heated with water for ten hours at fourteen 
atmospheres, and then saponified with potash, yielded 0*094 of glycerine in 8*366 
parts, corresponding to the percentage composition foUosring : — 

Water . 0*26 

Neutral fats 10*90 

Free fatty acids 88*67 


90*78 

* A greaie flrom New York treated seven boms at fourteen atmospherei^ and then 
le-tre^ed, gave^ 

Flxst TnetoMit Beoond Tnebmoit 


Water . , • . 

. 0-88 

Oil 

Neutral fote . . 

. 14*87 

1808 

Free fkttj acSds . 

. 86*17 

86*11 


90^ 

oolo 


•The results by ssponifleation are much more perfect, as shown by ths foUowiag 
analysis of a gnsis tlmi t 


I treated:— 


Water . 
Neutral fots 


0*12 

996S 

• 0*09 

9 ^ 

(JOmtaJpMa Segpptm.) Analogona to ths aoUnuAng milter of 

BruaQ-wood* 

MineMIMiS AJnt 991MEPS* KvwSootrWaum.— T he usual forms meiwllli 
in New South Wales are donbls-sii^ pyramids, somstimes oombbed with the taMl 
pioseoid or other pyramids ; the ||rism is less common. Perfect etyitale am^ howv 
ever, rare, the minority of the speeimeos beiiig either tnetm^ or waterwon. Thar# 
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•ppMM to 1 m no neofd of their heving been found fo itin. In eertaln euee it 
imM nppeer from their sharp and nnwom edge that thej had not tia?elled twj for, 
H-9. 6p. gr.« 8*49 to 8*60. 

' The New Booth Wales sapphires, in common with those from other psrts of 
Australia, are nsnally rather dark in colonr ; the^, however, are found varji^ from 
perfectly ooloorleas and transparent, through vanoos shades of blue and green, to a 
wk and almost opaque blue. One or two green coloured sapphires or oriental 
emeralds are almost always met with in every parcel of a hundxM or so specimens, 
also blue and wbiu parti-ooloured. 

JiteriOf or sapphires which show a siz-rayed star of reflected lighti are by na 
means uncommon. 

Sapphires are almost invariably met with by the miners as an aeoompaaimont of 
alluviu gold. 

They are widely distributed over the New England District, as at Binnora and near 
Inverell, with tin, adamantine spar, siroons, topes, and bismnthite ; in Veg^ble, 
('ope’s, and Nundle Creeks, the Gwydir River, Dundee, Uralla, Ben Lomond ; Mann's 
River; the Abercrombie, Namoi, Feel, and Oudgsgong Rivers; at Two-mile Flat, 
in Bell's River and Pink's Creek, with white topas, almandine garnets, epidote^ 
epipelle, efarysoberyl, chrysolite, hyacinth, fee. 

Ariifictal Production of Sapphire, Ruby, and Oiyetalliaed Silieatee. (£. Famrr 
and Nul.) A fusible aluminate is heat<^ at a bnght red beat in contact with 
silicious substances for a lengthened period, the aluminate is decomposed, a silicate 
being formed, and the alumina set crystallises in the bath of molten silicate. 
The most successful results have been obtained with alnminate of lead. A mixture 
of red lead and alumina being calcined at a red heat ip a clay crucible, gives rise to 
two products, which are separated into layers. One of these is vitreous, and con- 
sists essentially of silicate of lead ; the other is crystalline, and often contidns druses 
presenting fine crystals of alumina. In this operation the silica is famished by the 
substance of the crucible, which is proportionately corroded or even perforsited as 
the operation proceeds It is, therefore, necessary to protect the crucible in which 
the process is conducted by an outer one. The crystals obtained by this me^od 
are white; to obtain ruby and sapphire coloured ones, 2 or 8 per cent, of bichromate of 
potash or a little oxide of cobalt must be added. They are usually covered by 
silicate of lead, which may bo removed either by steeping m melted lead, by hydro- 
chloric acid, by ftised caustic potash, or by prolonged heating in hydrogen, and sub- 
se^ently by the action of alkalies and acids. 

The ciystals produced are in every way similar to natural rubies, having the same 
hardness ; their specific gravity is 4*0 to 4*1. In polarised light they show the regular 
uniaxial double reaction of the species. 

The same authors have also r^ented Datilli’s exp^ment of prodneing silicatsi 
of alumina by heating silica with fluoride of aluminium. In this way a mineral 
representing fibrous kyonite or rhatisite was formed, and with fluoride of barium, a 
oiystallised double silicate of baryta and alumina.^ 

•ATfliniCA WAU« A creamy white hard earthenware with a fine glase, 
composed of felospathic materials and lixiviated wood ash, alwa 3 rs minutely crackled, 
and decorated in enamel colours of great brilliancy. It is produced in potteries near 
Kagoshima, in the province of Sateumo, where about 1,600 potters are employ^ in iU 
mannfecture. 

■OXnUI’B O mww . (Vol. ii. p. 780 ; Coma, vol. i. p. 047.) * S. F. SBASPLas 
aflirms that a curious error in repaid to this salt has found its way into many of the 
text-books. Wans, in his Dictionary, states that it is dissolved by an excess of 
ammonia without colonr. In this he is supported by Graham, Otto (last edition) 
and the Handworterbuek. This evidently arises from a misunderstanding of Bsasa- 
uos* deseription (Whoirb’s Trans., 1888) of this substance. After describing the 
preparaticifl of arsenite of copper by means of arsenions acid and the carbonate of 
copper, he goea on to aay: — ^A neutral combination ie obtained when sulphate of 
cornier is pmpitated Ijy means of arsenite of potassiam. The precipitate is green. 
'Wnan the alk^ is in excess, the colour is brightened ; bnt it decomposes sponta- 
Qeoqi^ after a time, and becomee dark brown, and contains enprio arsenate and 
enpfoons arsenite. thia salt js dissolved ammonia to a colonrleas liquid, which 
mCet likely contains cupreous arsenate. ** 7nie ealt " in the above sentence evidently 
refesM not to the green salt, but to the brown. *' That this view ic correct," says 
Mr. SttAnstai, '^is confirmed by numerous experiments I have made upon the sn^eKft, 
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fpnp^ bj the potMh, 4epotite, after a time, reddieh-bro'im mboiide at copper. The 
liquid Mcomef ppiwle^ aqd oontaine poteecinm areenate. The blue iolutlon 
fbraed Dj ammonia is not modified by time. To thb I will add that ammonia does 
^ot daoQmppae SoKW^’q green by prolonged boiling ; the copper may, hP'werer, be 
qomjdi^T p^ipi^tM as eulxixide by the addition of potoijea to the ammoniacal 
eolutioBL*’ itmerioofi Ch/uniBi. 

^ W ia. Sir Wpxu¥ Thoxbon’s Method.— "By the ordinaiy prooeee 
of eoimding a neat weight ^ae required to carry down the line, and an important 
o'bjeetioo to the latter was the enormous resistance it afforded when great length had 
y>M payed out. It occurred to Sir Wxu*^ Tgoi^soM that this might be obyiated by 
using a very fine wire that could be carried down a great length by a comparatively 
i^ll weight. He had a wire about the thickness uf a pianoforte wire made three 
miles long; but there was some difficulty in getting it made of so great a length, the 
Qrdii|iaty leng^ being about half a mile. A great objection to sounding with wires 
only half a mile in length would be the frequent splicing that would be necessary ; 
qnd leather than resort to this, he’^preferred waiting a little until a longer wire could 
be manufactured. He had, he bdiered, already demonstrated that a 30 lb. weight 
%ould be sufhcient to cany down a wire of the sise referred to a depth of three 
miles. Hauling the wire in was rather more difficult, and required great care. 
Ordinary deep-sea soundings were performed with a steam-engine, and it was con- 
sidered necessary to have an elastic appliance to prevent the rope breaking with the 
rolling of the ship. No such elastic appliance was required with the steel wire, but 
simply a drum, with an eudless rope musing over a groove on a wheel. The wheel 
was stationed at the side of the vessel, and back on deck there was a pulley hung 
on an upright support, around which the endless rope revolved. This pulley was 
so hung that it moved backwards and forwards as the vessel heavedf^and attached 
to it was a spring that acted as a regulating force. For each mile that was payed out 
a greater strain was added, so that there was always a greater resistance brought 
against the wire as it was required. The strain was so regulated that the resistance 
was continually sustained until the bottom was reached, when it at once ceased, and 
the sounding was accurately made by the length of the wire payed out. In ordinary 
soundings the depths could only be judged by taking a note of the time ; but by this 
qystsm the weight went to the bottom and the wire stopped at once. Sir Wiluam 
Twoiisoif had made sure of this already at a depth of 700 fathoms. The weight of the 
wire out was less than the weight of the sinker, so that about forty pounds of resist- 
ance was sufficient to a depth of 700 fathoms. For hauling the wire up he had a 
ratchet on the wheel, and an exceedingly slight back strain was sufficient ; indeed, two 
men pulling the rope back along the deck were quite able, each pulling at a force of 
20 lb., to ti&e it up from a depth of two or three miles in an hour. He thought that 
they would see that this system really made deep-sea soundings a very easy matter, and 
the process was very simple, Three things only were requisite ; first, to get a suitable 
wire ; secondly, a wheel light enough and strong enough ; and thirdly, to measw the 
force or resistance applied. When Sir Williak began to move on this sulgeet, in 
May 1872, he was told it was impossible, and that the Admiralty hud tried it fifteen 
years without success. They said ho could not handle the wire, and would be unable 
to prevent it from kinking ; but he did not seek to handle the wire, having mad^ 
unnecessaxy, and he had also shown that the appliances used obviated the poasibilily 
of the wire kinking. The dynamometer told him when the weight reached the bottom, 
and the distance was measursd very accurately. There w|m. one apparent drawback in 
the nae of the wire. When it hod been once in the sea it came np with oiaanisms of 
all kinds sticking to it, and they carried with them salt water whidi rusted the wire. 
To prevent this it was proposed to galvanise the wire, and the wire taken ont in the 
Ckmmtger was gdvnniied ; but for more than one reason that was not ezpeeted to 
answer. Even although the wire did rust through, this could be met ly canying 
plenty with tiiem. The cost would be veiy small, seeing that it only reouved 80 lb. 
of wire to take a three-mile eounding. Hr. JAicae Youxo, in his yawt, found the use 
of lime of immeqse value in preventing met, and according to his suggeetion Sir 
Wjlltax Tkoxsok, immedifitely the sonsdiiig was over, put the wire into 
water. As the quintiU at salt ^ter carried up by this wire might prevent ^ lime 
from pereolatii^ it snOeinitiy soon to keep away the rust, he thought it better to 
haul the wire up through a trough of lime water, so that the moment the iHie 
eMged tram the aea it would be brought in contact with the lime ; and by tbif 
euemstiitt of Mr« Tooxe's it is bmd to get rid of the liability to rust ^tqosthitt 
SAUJL&snOK. SeePoTAsn* 

I VSfte JSeHA.) Br. Vonxssua found this to ataSm I'OI pel 
qrat* of nitrate bfp^siuB. 
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MNBmnrM. (VoL Ui. p. 760.) Aa inbitaaod HIUcIi appMri to 

oecapy an intetmodkta pteoa oatween mlphiir and teUnxinm. It waa diaeoTend hf 
Bambioa id 1817. It m genMly ibniid aaaoelatad with aolphttr. For tha moda of 

• Of late a^ f paenlUr propartiaa hara baan obawTad, fduah again bxinga thia 
paenliar elementary body under our notioa 

Mr. Mar, a talegrspb clerk at Valencia, noticed that a bar of erratallina aelaninm, 
inch aa bad been need for aome time in telegraphy where high daetrieal reaiatanea 
waa required, oilbred oonaiderably leaa reaiatanea to a battery currant whan espoaad 
to light than whan kept in the dark. Thaaa facta were flrat made known by Mr. 
WiLLonoHBT SxiTH in 1878. 

In March 1873, Lieut fiiiJJi, B.E., communicated to the Boyal Society a paper on 
*The Action of Light on the Electrical Beaiatanee of Belgium.' lieut Baufa 
experimenta went to prove that the reaiatanea of aelenium ia largely affae^ by 
expoaure to lig^t ; that thia effect ia not produced by the ^inio raya, bub ia at a 
maximum at, or juat outaide the red raya, at a place nearly coincident with the focua 
of tha maximum of the heat raya ; that tha af^t of Tiding rasiatanoea ia certainly 
not due to any change of temperature in tha bar of aelenium ; that tha affibet produced 
on expoaure to light is aenainly inatantaneoua, but, that on the cutting off the light 
the return to the normal reaiatance ie not so rapid. It would seem th^ there eaaba 
a power in raya nearly coincident with the heat rays of high inteuai^, of altering 
instanlanaonaly and without change of temperature tha molaenlar oonoition of thia 
particular element. 

Lieut. Salb made aome experimenta on the effects of the different raya of the aolar 
epaetrum on a bar of selenium with the following results 

(It should be noted that the expenmenta were made in an ordinary room in diffhaed 
da^ight, and the spectrum was superimposed on the daylight.) 


Beai stance of aelenium bar in darkneaa 

,, „ violet ray 

,, „ red rey *•••#. 

If If Omng0 a a • • a • a 

ft ft ffr60n ■ • a a • • a 

,, „ blue and indigo . • . • . 

„ „ centre of red . . * . . 

Beaiatanee j[ust on the outside edge of the red 

Beaistanoe in dark xava clear of red • . . . • . , 

Beaiatanee in difiheea daylight only 

Beeistance taken in dark immediately after exposure (xaaistamoa riaing) 
— Prooe§ding9 qfth€ Eoyal Sooisty^ vol. zxi. p. 288. 


880,000 

270.000 
266.700 

277.000 

278.000 

270.000 

266.000 
222,000 
228, QOO 
270,000 
810,000 


Frofeeecr W. G. Adams in 1876 oommunioated to the Boyal Society a paper on 
■ The Action of Light on Selenium.’ The experimenta were made— 

1. To determine whether the chanare in the electrical resistance of the aelenium la 
due to radiant heat, light, or chemical action. 

2. To measure the amount of the change of reaiatanoa due to exposure to light 
from different sourcee, and through various absorbing media. 

8. To determine whether the action is instantaneous or gradual, and, if possible, tt> 
measure the rate at which the action takes place. 

The aelenium formed one of the four resistances in a WEBATfiOMn’a bridge, and its 
average reststance was about 2jb megohms* 

The box oontainiiig the aelenium was laid on its aids, and had a draw-lid which was 
kept ckwsd azospt when expMure was made. In front of the draw-lid was a black 
aer^ with an opening opposite to the selenium, 6 oentimhtrea ty 8^ centirnttiea, into 
or'in frnnt of irhiok vatrioua abaorbing media could be placed. The abaorbiag media 
e mplq yn(i wCre bielHoinate of potash, sulphate of copper, ruby, orange, green and Muc 
gli ia a aa. Plataaof rock aak, mum, mica, and quarta ware also employed 

With the lid the box on, the reaiatance of the selenium was measured, and waa 
fbnnd^ to4aeieain ilowly and regularly in oonaequeaee of heating by the current Ig 
moat of the emrimenta a battery of 80 LacLAKCHi cells was employed. It was 
ilmnll^te higher the battery power the lees is the reaistanea of the aelWum. EznlwU 
aanta'tUfr 6, 80b ^hd 86 cells gave the ftdlowhig lesulu : — 


BcaiataaccB with 6 cells . 

H f$ 86 ,# • 

N 8 fl • 

M 80 „ . 


. AiOOdam 
. A400 • 

. 8.400 H 


• m 



If 
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Aft«riom« boon — 

BMiftaiioe B with 80 oelli 

»» li 5 . 


. 4,800 ohini 
. 6,760 ,. 


(B i i taken to fepwent the resietanee required to balance the aolenium.) 

Bxpoenre to light dtminiehes the reeistanee of the selenium. This, says Brofessor 
Adaiis, may be accounted for by either of two hypotheses : — 

1. That light acting on the selenium sets up a polarisation current in it which 
opposes the battery current passing through it 

2. That light makes the^ selenium a better conductor of electricity by producing 
a change in its surface similar to the change which it produces on the surface of a 
phosphorescent body, by which that body is enabled to give out light after it has been 
exposed. Numerous experiments were made by Professor W. G. Adams, the results 
being that~ 

first exposed after being closed up for some days, or even hours, the selenium 
is more sensitive to light. Thm sensitiveness increases with the time during which 
the selenium has been kept in the dark ; hence the first experiment is not comparable 
with the others. 


On exposure to light the resistance is diminished, but on being again eclipsed, the 
selenium returns in a veiy few minutes naarlff to its previous resistance. The change 
of resistance produced by exposure to daylight sometimes amounts to one-fbur^ of the 
whole resistance of the selenium. Numerous experiments were made by Professor 
Adams with absorbent media, all of which seemea to show that the action is almost 
entirely due to the illuminating power of the light falling on the selenium. The 
yellowish-green rays were amoim the most active in altering the electrical state of the 
selenium. This is not in accorcmnce with the results obtained b}* Ligat. Saus. 

Manv careful experiments were made on the heat radiations, aU of udiich went to 
show that very little effect is produced by the radiation of obscure heat. 

The above hypotheses are suggested as possible explanations which may help as 
guides in further experiments. 


current passing through it, the effect being, as already stated, similar to the effect due 
to polarisation in an electrolyte. 

Professor W. G. Adams and Mr. B. E. Bat have more recently communicated to 
the Boyal Society some further experiments on * The Action of Light on Selenium.' 
Tile objects of their experiments wen — 

i. To examine the cbacacter of the electrical conductivity of selenium when kept in 
the dark. 

ii. To determine whether light could actually generate an electric current in the 
selenium. 


Several pieces broken off a stick of vitreous selenium were fastened to rings of 
platinum wire by heating them. These were then soldered to annealed copper wires 
Tlie selsnium was then enclosed in a piece of glass tube, the electrodes being passed 
through corks fixed in the end of the tubes. With this arrangement the experiments 
were made. From results obtained after a great many experiments made to deter- 
mine the diminution of resistance with increased battexy power, and the change of 
resistance with a change in the direction of the curieat, the following conclusions wen 
drawn 

1. That on the whole there is a general diminution of resistanoe in the seleninm as 
the battery power is increased. 

2. That tne first ennent through the selenium, if a strong one^ causes a pennaaent 
ssf of the moleeoles, in oousequenoe of which the pmuage of the enxrent throng the 
selenium during the nmaindw of the experiments is stronger in that direction than 
it is when p— i«g in the opposite diteotion. 

8. The passage of the eumnt in any dinotion produces a ssf of the molseolss, 
which fheiutates the sobsaquent passage of a enrrent in the opposite, bfnt obstniots 
one in the aasse direction. Hanoe^ when two enrrents are sent ttavongh anioosasif<e^, 
after a my small xntarval, in ths same dirsotion, the resistanoe oosarvad in tha 
aaeond easa, avan with the highest bsttaiy power, is oAsn aqnal to, or giaatar than it 
was before. 


The question pnsentad itatU; wfaethar it woold be possible to eM a ewmitf hi fit 
MM»m hy ikt esMosef Aoosrdiitflyihe same pteef 
cooneeted directly with a gamnomHer. While unm^posed there was no 
whatevar. Onoaqposiag thatabetothslightof aeandle, thsrs waseienss aatsopg 
defieetion of the g^nnomater nsadle. On sereening off the light the dsdsalkiti eqsM 
haioh at oBoe to sms. 

The resohs of nna ero o s eaperiMts prored conolusiTsly the fblWwisg painta;^. 

U That pieces of tnnesled salairiuni are in gensnl sensitiTe to light, that nndea 
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tbs MlioD of light k difluwBM of polmti*! ii dwroleptd bitwten tho ablaealci, vUeh 
under certain oonditione oaa produce an deotric oorrent through the aubetanee. 

S. Ihat the seneitiTeoeea ii didhcent at diflerent parta of the eame piece. 

4). That in genonl the direction of the current la from the leae towarde the more 
ittaminated portion of the aeleniniiL but that o^ng to accidental difibrencea in mole- 
enlar arrangement, thie direction (a aometimea rereraed . — JVoodediHffs ^ ik§ 

Sooitt^t voL nzT., No. 172. 

When theae phenomena irera first noticed hj Hr. WnxoooBBT Smith in 1878, and 
had been but for a ahoi’t time atudied, a few experiments made with MluHnm showed 
that t^t metal also gave a less resistance under the influence of light, though not to 
such an extent as selenium. Herr BonnsrsTieui has conducted similar espeiimenta 
with other metals, and has published (1877) the paper he recently read on the suly'eot 
before the Philosophical Faoul^ at Heidelberg. He finds that the same property 
belongs to platinum, gold, and nlver, and it is {rabable to other metals also. The 
Bub'eot is one o^ractical as well as purely ecientiflo interest. 

Hr. WxxNBB SiBHura has puhliehM some very beautiful experiments, in which the 
selenium under examination was in a form in which the surmce action produced by 
light can produce its maximum eflfhct. Two spirals of thin wire (iron or platinum) 
are laid on a plate of mica in such a way that the wires lie pa^lel to one another 
without touching. TliHiile in this position a drop of fluid seleninm is made to fisll 
upon the plate, filling the interstices between the wires, and before the seleninm has 
had time to harden, another thin plate of mica is press^ down upon it so as to give 
firmness to the whole. The two protruding ends of the spirals sSire to insert this 
solenium element in a galranic circuit Dr. Sixmuns calls this disc his ‘ ssnsitira 
element.’ The whole arrangement is no larger than a sixpence. Its action was shown 
in this way : - It was placed in a galvanic mrouit at one end being a Damikll’b ^1, 
iind at the other a delicate index galvanometer. The *diso’ was first enclosed in a 
dark box ; tiie circuit was * made,’ but no electricity passed through, no movement of 
the index was seen. The ‘disc’ was then exposed to light; still no action was 
apparent. Another disc was taken that had been kept in boUmg water for an hour, 
and gradually cooled. In the dark box it gave a slight passage to electricity as 
indicated by the index, hut as soon as the light was admittM the index register a 
great passqgo of electricity. Another disc heated to 210*^ 0., and allowed to cool, was 
then used, and a greater action still was apparent with this. Hr. Wxbitsr SxmcDrs 
has worked at the meaning of this. The DMis of the change in condition seems to 
lie in the fact of the extent to which the selenium is heated, fbr when again allowed 
to cool its behaviour depends on the extent to which it has been heated. The experi- 
ment was made to determine the effect of diflbrent parts of the spectrum on a oise. 
The actinic ray produces no effect, but the influence increases as we approach the red end. 
A selenium photometer was oonstruotad, the principle of which ii to compare the relative 
(ffecta of two lights in affecting the conditions for the pusage of electricity. A moit 
intereeting little apparatus has resulted from this inquiry, which Hr. BimnirB calls a 
eelenium * ^c.’ Thera is a small hollow ball, with two iq>eitnres opposite to each 
other. In one is placed a small lens, in. diameter, and at the otto a disc. The 
disc is connected with a HaimLL ci^ and a galVanometer, and this represents the 
retina. There are two slides, which represent the eyelids. The action of light on 
the disc ie indicated on the galvanometer. Not only was this proved to be sensitive 
to white light, but sensitive in ^erent degrees to different colours. Hr. SixKXMa 
suggests that it would not be difficult to anange a contact ssid elcetro-magnct in 
connection with the galvanometer in such a manner that a powerful action of light 
would cause the automatic closing of the eyelids, and thus imitate the spontaneous 
brain action of blinking the eyende in consecmcnce of a flash ot light. To physio- 
logists this analogy may he enggeative regaroiiig the important nonnol fractions of 
the bnman frame. 

In tha J V owsa e riens qf the Boyal IrUh Asaimu'mVL be found a paper read by 
Hessis. ^EBT Nahhoi DnaraB and Hichabd J. Uoes, entitled a Baport on tho A/le- 
trdpittn Monlum and on iko h^Umoe ^ Light on th$ JOtorM OonduoHmigqftAit 
JBmont. They appear to have proved that freed vitreoos selenium showa a great 
inoreaae of condnenvity as the temparatnxe increases^ and especially at it approaches 
SOO^'O. Their flonarai eondnaiou were ae follows : — 

(a,) That in thin flat ban of srieniuimthe production of the conducting and light* 
aaniitfra Ibim Is fradily aflheted hy beating for from thirty to sixty rainafrf U 
180*O. 

(lb) The aaovat of oondnetivity ineresses with the oontinuanee of the heating, 
idj Oontiimad heating does not inemac the light senaitivaneas. 

(cQ Moninm cast in a mould is not so sosaeTOble of ahange into the auodugtiiil 
aymKas fonoi m is that which has beso moulded by hand. 
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(«.) Seleaiam, npidlj wAtd tmk 180® 0., appeari to bore bniitiTe to light 
than when eooling takee place elowlr. 

Selenium in a eponKy state waa thought to be more aeaeitiTe than the move denae 
Tariatifi It haa themmre been thought that the oondnotiTitj waa due to g.iaes or 
▼apem eondensed within the |mrea; but Mesira. DnAvna and M<ws prove *that 
■ebninm in a ohemieal vaeunm is afPeoted by light in the same way aa aebniiim 
under ordinaiy atroospherio conditions.' 

BiLBHiinr la Fura SiLTaa.— It is a tolerably common occurrence to find, in France, 
silver ban of a high dagree of fineness (4^ to ) unfit for making alloys for medals^ 
plate, or similar ornamental purposes, the atanom of which in France is 980 fine. 
The alloy made with such metal gives spongy and brittle ingots that can only be 
wrought with great difficulty ; the surfaces ofthe finished work are covered with 
sp^, which, although partially removed by polishing, reappear if the article is gildea. 
when 81 ^ ^ver is alloyed with cof^r there is a considerable amount of ebi^tion 
with prqjection of melted partielps, even when the operation is performed, as is usually 
done, under a covering of charcoal. To establish the presence of selenium in such 
silver a residua ia obtained by dissolving about 1,600 grains of it in nitric acid at 
84® Beaam4, jirecipitating the silver as chloride by hydroeblorio acid, and evaporating 
the clear solution to dryness, when selenic acid is found. This, when treated with a 
few drope of hydroeblorio acid, gives sdenious acid, which may be reduced to the 
elementary condition by sulphurous acid, when selenium is obtained as a blade powder 
that can be readily collected and weighed. If the solution is effected with nitric acid, 
dilated to 10® or 16® Baum4, grey oiystaHine IsmellsB of a metallic lustre are ob- 
tained, which are selenide of silver, a componnd whit^ is not readily soluble in weak 


^ ” A 

The author baa determined the presence of selenium in this way in nearly every 
specimen of silver from bars that nad been separated from gold by acid, W he was 
unable to find it in such as was refined from lead by onpellation. By the addition of 
6 grams of selenium to 6^ kilograms ofthe latter kind of silver when melted, all the 
had qualities observed in the metal fixim separated bars were produced. It is evident, 
thezv^ove, that a considerably less proportion of selenium than 1 in 1,000 is sufficient 
to •eriously imaie the quality of silver for manufacturing purposes ; as in the com- 
pound made tor experiment, a oonsiderable proportion of the selenium added waa 
volatilised. 


When seleniferous silver is alloyed with copper, the canse of the boiling observed 
is dne to the oxidising effect of the aubozide of copper invariably contained in the 
latter metal, upon the selenium. This produces seleme add, which escapes, and the 
action, being independent of the air, goes on equally well under a protecting cover of 
ohareoaL The grey spots on the wrought surffiees are produced by the dispenal of 
scales of selenide of silver through the mass of the metal. The sonroe of the selenium 
is evidently to be looked for in the impurities of thernlphurio add used in separatiiig, 
which is now gensnlly made fix>m pyrites, and it eommonly seleniferous. Beddei 
the add to dissolve the metal, a large excess of it is requirra to keep the silver sul- 
phate in solution when sepeuwting the predpitot^ gold ; and the whole of the 
selenium that may be present is tore to be predpiti^ed with the silver when the 
latter is thrown d<m by metallic copper. It is the^ore of conddorable importanoe 
that pure add should be used in parting, or else that the resulting silver ■kould be 
sulgcded to an oxidising fhsion in the air, either alone or with an addition of nitmta 
of soda, in ordar that the selenimn compound may be destroyed. — H* on Bbxt, 
und BSUnttiUhmMe Zritun^, vol. zzxv. p. 829 ; Jitiraet PsgMrs ^ ihi /nsMids qf 

CMi Erngirnmn. 

nVABMMTtra* See Airmioirr. 


I pet 

in its oleaginoaa state has long been used as a rame^l agent. See Vs 


A name given to natural petroleum, which 


(¥61. zii. p. 761.) Sesomnm todisum. A genua of Mdioanr, 
eondsHng of annual haiba inaiganoua to tbs Boat Indies. Ita som contain an abnn* 
danceoffix^oilaa taatolaaaaathatof theoliva. It is sometimaa eaUad gingaUy olL 

OoMJKiK, in Our wUk 

ahuimtotly, and ita 


»’nnnra i . . . 

for As preaervation of aardinea and 


Jfoto* on tk$ CiMinny (1878)f alalea that the 
seeds * are sent from India to Rngiand to be 

m the manuftmtora of the finest ^'Lnaoa'' oiL* This i# not asidtiy ODiraeit. 
aaed ia axprasaad in Bgypt in grant qnantitiei^ and mneh of thocil is sent to Jtilyvion 
adulterati^ the ordinary vanatiaa ot olive dL It is, however, so apt to beoamt 
rancid tht it ia danprana to laoit m p r ^ pawn g the aiudtoa the 
oil is also known aa lioL On. 

, aWR ■!■« iW>L CkAUBwm^ MM qf. to 

vol. i. p. 449 , arthfia Bobiho, wilt be firand a deaer^on and dmwinga of the JCiito* 
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Omxmmam i jitem at fiikUiff duftik and In tha wtiele Ifcocx Bobw, la thia rdlnma, 
Mvarai machiaei are dmqnbad wliioh Imre been entenaivelj need in mining, engi* 
neerin|b Md qeorryiBg opentifiM. 

Mr. JbxnT 8iifm« 0.£i., at Mnneheater, hen neoeatlj giTcn en esceUeat deierlption 
of Okaudiioii^i method of eheft linking, end heTing been iiToured with e tom or his 

X * we give the following extreeti tiom it. The wood-cuto given in the foimir 
le wiU fully Uluatmte weee extnete : — 

By the prooenn worked out and improved by H. J. OHionnoir, a Belgian mining 
engineer, no pumping machinery is used, and the water of the strata is not meddlsa 
with. The whole operation of sinking and tabbing is, with the help of eeitaln toola 
sod apparstus, done from the surthoe ; not a man descends until the shaft is quite 
anisheA seonrely tubbed, and absolutely dry. The water remains in the hole all the 
while, and, so for foom being a hindrance or obstacle^ is absolutely necessary for the 
working of the OniunnoH system, as will clearly appear afterwards from the descrip- 
tion. Moreover, the walls or sides of the ehaft are supported to a eonriderable extent 
by the water remaining inside, whilst under the old system the continued and in- 
creased flow of water, induced by the prooess of pumping itself, loosens the sides of 
the shaft, thus causing them to tumble in. This syst^ in foot, is not reoommended 
except when much water is expected. In all other cases the ordinaiy ways of pro- 
ceediim, if not quite so certain and efflcaoious in their results, may be cheaper. 

1. preparatory This consists in the erection of the buildings and ahsds 

which may be found necessary accordii^ to the s^ial cironnistanoes of each case ; 
in the erection of the necessary machinery and tne preparation of the boring tools 
and others. The buildings should be arranged in such a way as not to interfere with 
the ulterior erection of the pecmsnent buildings and winding machinaxy, fto., necsisaiy 
for working the shaft when finished. A wooden building, with strong timlmr frames, 
will in most oases be sufficient The power necessary is an ordinary winding engine, 
strong enough to lift the tools, and to withdraw the spoon or ladle used for soLtracting 
the £bria. For a pit of large diameter, this machine may have a ^linder of 20-incn 
diameter and 40-inch stroke ; the beating cylinder being a simple steam-cylinder 
open below, and of 8 or 4 feet maximum stroke. It contama a piston of about 80 to 
36-inah diameter, the rod of which, passing through tra cover of blinder, is son- 
uectod to one end of a strong braced timber beam. This beam is supported near the 
middle, and to its other end the tools for lioring, &o., are attached. Steam being ad- 
mitted by the attendant into the top of the cylinder, the boring tool attached to the 
other end of beating beam is lifted up, and the exhaust being afterwards opened end- 
denly, the tool comes down with a force in proportion to its great weight, arushing 
at ea(^ blow port of the bottom of the shaft. The beating cylinder is always and 
entirely work<ri hand. Tbs stroke of its piston is limited by t strong wvought- 
iron loop attached to the end of a braced timbw beam securely fixed in the fbnndmmen 
of engine-house. Between this loop and the beating beam an india-rubber and leather 
packing is introduced to deaden the blows uid noise. 

2. Borwy or the Shaft.-- The process employed during this part of tho^ 

work is, generally qpeajdng, that which, a go(^ many years ago, was first saceessfollj 
and repeatedly made use of in the ease of borings of l^e diameter ly Mr. Eihd, the 
well-known German engineer and sinker of artesian wells. Four man only are requiiad 
for thia part of the wo^ The first tool used is a small tn&pan, or drill, consisting, say, 
IB the cose of a pit of about 16 feet diameter, of a heavy solid forging of 7 or 8 tons 
weight, or thereabouts, aeeording to cirenmstanoes, and measnres across its lowest and 
widest 6 to 7 fo^ this being the diameter which it is intsndsd to give to tbs. 
first bwing. This diameter is afterwards enlarge by a greater trdpam which has a 
weight of, in some cases, up to about 20 tons. The cutting part of the toal must, of 
course, be greater than tlie ultimate clear diameter of the pit. 

The trdpani on their lowest surface are armed with steel ehissls or teeth, firmly 
fixed by in CBrsfolly-bored holes. Such a tooth weighs up to^about f ewt, The> 
outside tetth have a spew shape protruding somewhat ovwr the eoBd body of tbe> 
tooL 

By meana of ooniieoting roda the ia then attached to the beating beam. 
Brai^iiig ia now ready for the work of drilling. The atteadant at the bsatiim' 
cyBadeyiaaimte stasm over the piston, thus sloirly lUlang the tr^^ tbsoMh a^maxl* 
mum haghh e pne ap cfadiag to tbs stroke of the beating eylindar. On aUswing'^tha* 
stsmn to emspe suAltiil j tha tool cornea down with groat foiee emabiag paft of<tha 
saifipto of battam* Thase men atandiagi on a platform tahe bold of a leveiv btfore, 
eaeh new atrolps, and tom the trepan aughrip'iowid iu axis, so ae toalwuys work on 
a new Ifoa of tbs surfiue of bottom of pit. Tbs length at' the eonnsotlona ba to ntsp 
InefitasB hamn findtrlsmirBiBiaLof canma hasandnallv.ineiaaanlwitha VMnkmmnsdai 
The fir^MW-hole made by the small trepan shoud alwayabakept ahaS^STSi 
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Ifuiffeir one by, mj, at least 18 to 30 feet All ifhrit detached bj the laige tr^paft 
wiU thus ftill into the smaller hole, and ean be withdrawn thereftm by a Sj^wial tool 
called * npoon,* or ladle, which is a wrooght-iion riretted cylinder susnmed in a 
wnm|^ti4ron fork, and of a eomewhat less diameter than the first boring, so as to 
alh^ of its being lowered into it without dif&cultj. The bottom consists of two fiape. 
whidl open upwards when the tool is lowered to the bottom of bore-hole and wotIm 
a few times up and down through a short distance by the aid of the winding-engine. 
They thus allow the dibriB^ previously formed by the working of the txApan* to enter 
and fill the epoon. On beginning to wind up these fiape close immediately, and the 
contents can oe safely landed on the surfiice. The average progress of sinking by 
these means varies in ordinary strata between 2 and 4 feet per day. 

8. 7\thbin^, — After having bored the ehafb to the desired depth and diameter, the 
next most important operation is the putting in of the tnbbing. M. Ohaudbow’s 
tubbing coneists of strong cast-irpn, entire rin^s or cylinders having inside fiangee at 
top and bottom, and a parallel sti«ngthening nb in the middle of their height. The 
total weight of tubbing for a shaft may easily go up to or exceed 1,000 tone, and the 
very simple and ii^enious invention of M. Chattdbok, for the lowering of this enor- 
mous weight, consists in attaching a temporary bottom, in a water-tight manner, to a 
sp^al inside flange of the lowest ring but one. By this means the ring in question 
is immediately changed into a vessel, and able to float on the surf^e of the water in 
the shaft. Nothing is now easier than to add ring after ring, taking always the utmost 
care to render all joints absolutely water-tight. Special arrangements have, however, 
to be made to secure the sinking down of the tubbing, which would otherwise remain 
floating. This is done by erecting and gradually increasing in length a column of 
pipes fixed to a hole in the temporary bottom. The pit water, flndi^ its level in 
this equilibrium pipe, can than be allowed to enter by cooks provided for this purpose, 
and charge the tuboing to any degree required ; care must only be token not to ulow 
one of these cocks to remain open and sink under the surface of the water level. 

To out off all communication between the inside of the tubbbg and the overlying 
water-bearing strata the shaft ebould have been sunk to such a depth as to pierce the 
water-bearing strata by some little distance, and to enter into solid and unbroken 
ground. On this latter the tubbing is allowod to come to rest, and in order to get a 
water-tight joint between the ontside and the lowest part of the tubbing and the 
Burrounding rock, M. Ohaxjpron conceived the idea of giving to the lowest ring the 
construction of a gigantic stuffing-box. This consists of an outer ring, having at its 
lower end an outside flange, insiae which, and loosely euspqnded by bolts, is a ring of 
less diameter, likewise provided at its lower end with an external flange. These two 
external flanges confine a space which, before the introdnction of the stuffing-box into 
the pit, is filled carefully with moss or a similar material, retained by thin thread or 
wire-netting. Ax eoon aa the tubbing touches its ultimate reeting-p]^ at the bottom 
of the pit, tne whole of its enormous weight is gradually allowed to compreae the 
moss in the etnfling-box, and thereby immediately, and for once and all onte off the 
water from the upper strata. 


4. order to still farther seoure the permanent tightness of ^ 

tubbing, and m order to support it completely and all round, the sp^ xemuning 
between its outside amd the wall of bore-ool( ebould now be filled np with concrete or 
mortar. Thie operation is executed with the help of a epecial tool. 

6. Withdrawing the Thmperary Bottom . — In (mer to do this it is neoassazy to ex- 
tract the water inside the tubbing. This should, however, not be attempted until the 
cement outside has bad foil time to settle and harden. It is easily and quidkty done 
by a buck^ and by the help of the engine prenonsly used for the sinking. The next 
operation is tha removal of the equilinnum column and of the tempora^ bottom to 
whidl it was attached. The joint made ^ the moss box can then, if mMimUe, be 
enwportad and secured by further prewutionaiy work, such as the introduction of a 
we^vg crib and masoniy. After this the application of Ohaddbox's system ia at an 
end, and sinking and mining operations axe be^n in the ordinal^ manner. 

^6 foil advantages of ChsAtroxoir’s method can only be available in caaes wbaca 
the quantity of water expected is lazge, and whan the geological saorien la well 
known. It is sMential, therefore, thiit previously^ commeiMing a riialt by the 
OxAUDBow method, borings ibonld be made by the use of tha diamond drill, or by lome 
other linuHar rock-borar, and a carefol reglcter kept of all the stmta peasefl thioaglk 


If ainrihafts have been sunk in them 
thie la, of course, mmeoesMiy. A ainkiiig made by We system le a 

miMUMRB or OTlKJMnL See Svxaob (vol. iii. p. 888.) The 
ef >bmnaefa In 1878 and 1876 were 


md saatioiiaean beobtaiim 
Je iyttam|aaow<m8}hi 
ihire. 



SiLlOiLTK OOLOTTBS 


W 



BnmULVBTBXTB. A name to a new alloy to which So hmi tt b haa 
called attention. It ia aaid to reaiat anlphnretted hydrogen; ia not attacked by 
vegetable acida ; and mineral acida have Imt a feeble action thereon. It oonaiata of 
irra, 66 parta ; nickel, 28 ; tnngaten, 4 ; alnminium, 6 ; ooiyper, 6. Thia new alloy, 
or ‘ inoximaable iron,’ can replaM thoae metala or alloya whiw it ia neceaaaiy to pro* 
tact with ailver plating. 

Another alloy, alao aaid to be nnalterable, haa been formed bv the aame metal* 
liumat. It ia a mixture of copper, platinum, and tnngaten, which ia faaed together 
ana then granulated by pouring into water eontaini^ ^ kilo, of alaked lime, and 
4 kilo, carbonate of potaah per cubic m6tre, ftuing again, and caating into ingota. It 
feaemblea gold 760 nne. 

uuoA, maAGTxov or, x» B&owma nAica. it ia well known 

that moat ailicatea when fhaed ^th phoaphor-aalt are onlp partially attacked, the 
baaes aa a rule gradually diaaolvinff in the nuz, whilat the ailica remama in the fbnn 
of a flocculent opaleacent maaa te^ically known aa a * ailica akeleton.’ The latter 
reaction waa rcjmrded by Plattmkr as especially due to the presence of alkalies or 
earthy bases. See PLXTTNnB, Probiarkunat ; also At^age^ p. 468. ' 

Professor E. J. Chafuan writes : — * It is true enough that silicates in which these 
basM are present exhibit the reaction ; but as other silicates, practically all indeed, 
exhibit the reaction also, the inference implied in the ab^e statement ia quite 
erroneous. The op^escence of the glass axiies entirely from precipit^Ml silica. 

* If some pure ailica (or a silicate of any kind) in a powdered condition be dia* 
Bolved before the blowpipe flame in borax until the glass be satnrated, and some 
phoaphor-aalt be then adoi^ and the blowing be contmued fbr an instant, a pre- 
cipitate of silica will immediately take place, the bead becoming milky (or, in the case 
of many silicat^ opaque) white on cooling. This test may m resorted to for the 
detection of silica in the case of silicates which dissolve with dififlenlty in phoephor- 
aalt alone, or which do not give the pronounced ' dcdeton ’ with that reagent’—- 
OHAPicaif on Btowpipa Reaetwu, 

■mo A MBnmoir. a flocculent maaa left when some silicates are tested 


known?’ He answen bis own question by saying: <lt ia not mentiooed in Vox 
Exoannox’s treatise attached to his translation of Oboxsthdt^s MinmUoaie (1770). 
BmdxAX aUudea to silicioua earth and the action of miorocoamie salt on it, but makes 
no mention of the akeleton.” The reaction appeara to have b^ definitely pointed 
out by Bnsnuus in his standard work on the mowpipe publiaheil in 1821.’ 

■IT h lO A T B OO&OOBfl. The use of silica cmoura has been piaetiaed for some 
yean. They ware equally used at Munich, and after many years they were found 
to be unaltered. We learn that occasionally an efflorescence of the aUica salt 
employed appeared upon the sioflioe of the wall-pietiires, but thia was readily removed 
wimont in the least interfering with the odours beneath it. In the evelAiA. fltvsmi. 


Awrvioiail (yel. iii. p. 918), and that on ftroxx Fxxbbxvavvox (p. 919X will be fbund 
the desermione of the pnmsee need for the preparation or Sllleate et eoda and 
potash. We learn from aa article in the EitgU$k Maehmio that the silioate painte 
whioh faafi stood so wen at Munich oontainea both potaah and eoda, and were pre- 
pared l^mdting together 6 parte quartwee aaod, 8 potaah, and 1 aoda. The Na- 
tion of 'ffliS *ghiia ’waa found to have n specific gravity of M8, a miU^ appeenaice, 
and, whed allowed to stand, eaibonate of Kme was precipitated. The uma wae 
tse eid to the use of a sOioious sand containing infhsorisl remains, wfaldi was bolkd 
1h a potadi-lye ocmtaiidiig a small qeantity of soda. The eompoii^ of the fresh 
eolnito WM found to be 68'14 ailica, 86’64 potash, 8*22 soda. When the eofoure 
were adM the * paint ’ had a thiek eoneistency, bnt on the addition of water mel |he 
uieef thi a sq^ntion was cfibeted, the solution thee showing Ihe foileile|f 
















SILK 


m 

aomposition— 61*79 sUica, 39*06 potash, and 9*16 soda— a ohange of proportion dna 
to the action of the carbonic acid of the atmosphere in predpitating the Mlatinous 
aiiica. It ia tbiiefom neces s a r y to preeMre the eolution horn atmospheric influences 
aah as possible, and to mix only as mneh as can be used at one working. The 
cbeiss of pigments is limited, so far as present experience goes, bnt there is still eoti> 
siderabte uversity of tint available. At Munich the white was composed of oxide of 
■ino and sulphate of barytes, the black of peroxide of manmnese and lamp-black ; 
while the ochree Aimiehed perfectly innocuous yellows, rem, end browns. White 
lead must not be used^in fact, it sets too quickly; Vermillion becomee too dark 
when exposed to light, and pigments of organic origin generally should be avoided, ae, 
sooner or later, they fade. The pigments, inel^ ground, are eic^l/ mixed with a 
portion of the solution, and afberwaras diluted with a quantity snmuient to admit of 
the application of the ' paint* with an ordinary brush. In preparing the glass care 
■hould be taken that the eoda is not in excess — ia fact, it is better to err (if it be an 
error) by using too little, ae s^ is liable to produce efflorescence in the shape of a 
iriute fllm, which, though geoewy removable by means of distilled water, is evidence 
of a weeknees promising premature decay. The preparation of the wall mirfacae ie 
one requiring some litUe degree of care. All holee should bo fllled up with well** 
tempeim mortar, and the plaster surface be well rubbed down with a piece of sand- 
stone and water. When thoruoglily dry, it is usual to go over with a thin coat of 
the eilicate eolution before laying on the colour, but it is not absolutely necessary, 
and sufficient time has not yet ^paed to test tiie relative advantagee attending any 
of the difierent eystems of working. 

■nuCATB OOTTOW. When a strong blast of steam or of air is forced into 
the stream of viscous slag as it flows from the blast furnace, a finely-divided silieious 
thread is formed, reaembling the fine glass thread made by the glass Mower, and which 
ia known as spun glass. See Corrow SiiioaTn, and Slxq. 

~ ~UK nr AVanbAXXA. Mrs. Sasah F. Nbill has been sealously endearouis 
ing to introduce eerieulture into Australia, and has establiehed the Austjulian Silk- 
OBOWBBs’ Asbociatxoh. Ws oannot serve this cause more effectuaMy than by allowing 
Mrs. Kuill to tell her own tale, which she has moet ably dene in tlto following Letters 
printed in the ThuM newspaper. May 29, 1877 

* Befiore giving any details of the movement that has leiiely started in Australia for 
the introduction of a new induet^, sericulture, 1 wish to call attention to the eiforte 
that have been made by Mr. 0. Bbady in Sydney, Mr. S. Bavuitpoxt in Adelaide, 
Mr. Coon in Queensland, and Mr. Baxlbb in Western Australia, to acclimatise 
▼ariottB raoee of silkworms. Mr. Bbadt waa pnrticulacly^rtunate, and the Western 
Auetmlian cocoons were considered quite equal to the Victorian. 

‘After various triaLs on the Murray, and armed with letters to Her Miyesty'e 
Consuls, kindly granted to me by Lord Camtbbbvbt, tho Governor, 1 left Mel^urne 
in December, 1871, to search Europe for a race of Withy eilkwonns, and arrived at 
Malta in Febroary, 1872. The following months were passed in exploring Sioily, 
Northeni and Southern Italy, the Plains of Lomhardy, and the fkr-famed Novi 
dietricts ; but nowhere in Italy could gr.un (eggs) eo sound and healthy be found as 
to warrant exportation to the new and promising mulberry fields of Australia. 
Leaving Italy 1 proceeded to traverse the ei^ districts of P^ace from Nice to Lyons,, 
including the edebratsd Ceyennes ; everywhere I obtained sunilar infoBmatien, sad 
found a Bimilar state of things. On receiving some fine cocoons from bbaixt my 
attention was attracted to that country ; but I found the ranee were in no nealthier 
state than thoM ofi Daly and Franoe. The same information came to me from tha 
Levaat Duease had spread over all the famous countries of the Meditercanean. 

‘ I retusned to Milaui and after 16 months’ . ineesssat trouble and travel, 1 was 
abont to givu np a seaW which had proved equally laborious and vaim But frons 
smiill acmMatsiOBeat results have often been achieved. Wihils changing my notes at 
a banhark in kQ(sii J noticed a small piU-bon on the table, and enquiring as toita 
oontootiy Z was iaformad bty its ownar that ia it lay some of the only healthy 
BnWeaa grains to be bad» and brought from the eetabliehment of M. Bnuno, iin 
BwitwrisoA Again my dnsoptog hopra revived* and I atoara itaitod frv Switair* 
land. £o]|«iidqg in tho foototops of Bn OBAimqina, It Bourn, bad fl» years asdo 
anpariraents in the ealtrfntinn of Bi||Rwoiin%on the ensn-atosyston^ and thora at tha 
foot o| the. Jam in 1879 1 obtained a eapply of hraltoy and fine grains mhaa l had 
longdssiradtoposaesi. I conveyed this pretioastoeasnre to Australia in thefoUowint 
NovamW aided in my endsavoora Bra mio u LAn sjid Onnranoi OoMreinr; rara 
snpplied mo with the loa rsqnisito for the>pi!iodnotion of an artiflrial wintov ImtrapM' 
wulaio, so as to reverse the foasottiwlionim. the, SontbaroHsmisplMM* llhen^h thn 
Aastmlian snminer waa for advanced when I arrived, the grain waa h ntshsd oat mnto 
anoasashdly, and in Marah foUovingr 1 waaeaablad to a aamtiinf ootoona 
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to Uw Tioum Eibibitioil. The eoeooM wtoe »imded » diplonto of hoaow, biing too 
]ato for a imdaL Thua iraa tlio Mwm not of aiUwomia Mtobliahoii fo Vietoiii^ 
and a maU iopplj of grain ia now aant ogi ofoij year foow BwiUarland. 

« A rad ooBoaniing the mulbar^ treat which ia aa neoeaaaay for the ailh u for the 
worm itaell The eoil of Aoatralia if pit-emineiiUj auifod for the growth and afann- 
daht foliage of thia tree, and the climate ita dryneaa leavea aotbiag to be deaited. 
The long aummer, laatiiig from October to Haj* aaaurea an abundant auppljr of leaTce 
for auooeaaiTe harvaata, while both treea and worma are comparatirely free foom the 
*mia«aaonable apnag fr^ta of Europe, On a calculation of the plantationa which are 
known to me, f Mieve the number of poung treea now ^wing ia Austialia to be 
about 1,000,000. The tree waa flret imported to Auatralia from thia country by the 
early aettlera ; later im|brtationa were ime from the Cape, France, and Italy, and bjr 
the kindneaa of Meaara; Bright Brothers, I was enabled to obtain from Shanghai 
1,000 plants of the celebrated Thou (Tu) Tariety, ao named from the Chinese god Tu. 
jtnd ia Borember, 1872, the well-known Mr. Earmotr Browh, of Venice, eent me 120 
of the VThite Veronese mulberry trees. Strange to say, in 1772— just 100 years 
before— the Inquisition of Venice iaened an edict forbidding, under seTeve pen^tiee, 
the exportation to the British Colonise of anything connect^ with aerioioultnre. It 
now remains to apeak of those who are to do the work of education. The providing 
of work suitable to women ie. and will he, as necessary in the Antibes as it ie at 
home, and 1 must state that, next to the profitable establiubment of silk culture in 
Auatralia, the employment of poor gentlewomen was luy chief aim at home and in 
the colonies. Two reasons aumce : women are suited for the work, and the work ie 
admirably suited for women. On these oonaiderations, and with a view to enlisting 
as many aa poBaible in my enterprise, I, in coujunetion with eight other ladies, 
ozganised the Victobiait Sruouhtubai. CovPAirr (Limited). To this company the 
Qovemment of Victoria gave 1,000 acres of land, pak of which hae been planted with 
the best varieties of mulberry, and on wluch a large eilk house and enitable buildinge 
have been erected. 1 am receiving the warm mpport of many ladies of influence 
who have taken ehares. 

' The qualitv of our silk has obtained the higheet tretimoniale from Continental 
experts, and this week I have received a letter from an eminent French firm urging 
that Bteps ehould be taken for the immediate exportation of cocoons, and saying that 
they could now offer 24f. to 26f. per kilo, for properly desiccated oocoons, or 1^. to 
llOf. per kilo, for reeled eilk of euch a quality as the sample sent from my form on 
the Murray. Of course the price depenos on the market, but the spring salts are 
expected to be equally adventageous. As the euperiority of our nw material 
becomes generally known, and its consequent oonunercial snoceee becomes eetablished, 
I foel auxu that we shall receive more and more abundantlv the support whioh I now 
Bolidt. I feel truly gratified for the wann interest alrea^ taken in the matter by 
TEnfflish ladies, and 1 can assure the BharehoUere, present and proapeotive, tb^ 
although much ueeistanee must neceasarily be renderkl by men, there is no danger of 
the ehares being eent up or down the markets by the eyndicatee of the Block l^change. 

* After ao long a letter 1 can only refer to the little de^ in Charles Street, 
Oroevenor Square, where the refose silk yame are being worked up into useful articles, 
and to express the g^tude we owe to Mr. BbocAbhprst, M J*. for Macclesfield, for 
his kind oonsidention in replying to our many troublesome queries, end for his 
valuable advice and SMistance in enabling us to bring our experiments to a sncosssfril 
issue. 1 ^BO wish to thank those who nave kindly contriraed mulbec^ leaves for 
the magnificent black wonns now being cultavat«d, and to eay that we nquiie 
them in London until the leaves turn yrilow, in order to rear ml WA cm* 

* From the cocoons now spinning 1 consider that rilkwOTms of valuable black 
race can be reared profitably next yean in Sqglaud for grain.' 

Slut IN Italy. jlfiifiekU BokMng of Bilkwonn^ ^pt,— A very eurions disoorsiy 
has been communkated Vf dt^aam, aq Italtait acrauk to the French Society A 
Agricnltgiists, to the effect that the hatchiug of eilkwoRDs' ras msy be crtifiomllj 
haatcmd'tiiy friofcum. The procccc consiafo ec pen t ia l j y in bmahing the ems viwrously 
for tea or twelve miaHtsc with a moderately hard brush, made, pmforably, A ooaise 
grass. 2k leas thinfifteead^ the egga thus trsated will hatch oii|i»i^Mt a proditos 
as healthy as that obtained in the usum way. A email proportion of tlia,e|n tnj 
pnvt atfKfitory toAhis novel tgnatmentfe and yet in the cpriiig evest thtoe^ wfiThiiM 
out eariiar than those which have been left to themeelves. 

Busami piefonsed a leriei of expiruneate upon about foar^fiftha of afi^oanto ^ 
rilkraiHS^ tggt, beginidiiB on 1. Th^ wiaia braehad for ten 

aimiiles dfiily, end nfy ehont onertenth of the whole number were lost Thairst 
hatehi R gs oeeaned on ths Idth of the month, titd wtn sneesoded by othsss fow 
iOfiB(y*two eoheeootiTe the laaysat nnmbm hatched en the aiatb day foUosriuf 
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Augut 14 giflug 112 worms. After this date the hatehiiigB deoreased. 

August 17 to Jl^tember 1, 282 worms were hatched out. From August 14 to 
Noremher 14,1,200 wore bom. Those whidi came out during the first fifteen days 
wereiadsed, and prospered perfectly, although it was foxmd that the worms earliest 
hatched were not by any means the healm^t. No satisfiaetoty hypothesis has yet 
been proposed to account for the curiou eflfeet thus product by friction upon 

Bilk fiAHUFSoruBB in Flobbicgb.— The statistics of the yield of cocoons published 
by the Government are incomplete and unsatisfaetoxy. It may therefore be suffi<^nlf 
to state that the average sales of cocoons on the public markets of this province 
(Florence) from 1864 to 1866 (before the invasion or the silkworm disease) amounted 
to 21,769 myriagrams, of a total value of 1,267,978 lire ; befjreen 1869 and 1868 the 
average was reduced to 10,870 myriagrams, worth 640,826 lire; while the four years, 
1870-73, the average sales on the same markets appeared to have been 22,810 
myriagrams, of the value of 1,014,044 lire. The silk nnsbandry is continually on the 
increase, and the markets are bei^oming yearly more important. 

The ^es,«on the public marketa do not include the whole of the province, as the 
sales by private contract have also to be considered. The above average will serve 
to show, however, how the ravages of the disease are being overcome by the care of 
the silk cultivators of this province, among whom Oount A. Castracamb may be 
especially mentioned for the attention he has paid to microscopical selection, and for 
his gratuitous services in spreading a right knowledee of the subject among the 
people. The lower value of the cocoons for the period 1870-73, as compared with 
the five years 1864-68, may be attributed to the large proportion of Japanese cocoons, 
which are of inferior quality to the native breeds which formed the earlier yields. 
These later have, however, been preserved, to a greater or less extent, d|i?iiie the whole 
course of the disease, and are now bemnnlng to recover lost ground. The disease 
hanng spread to Japan, efforts m this direction are rendered the more necessary. . 

The mulberry cultivated in the province of Toll is the Morua alba, of which there 
are mauy varieties. Planted in the preceding June, the young trees are disjposed of 
the following spring by the market gardeners (to whom ^is industry is confided) to 
the farmers, wno plant them m a nursery commonly termed the boHchatUi, at from 
80 to 100 centimetres distant from each other. The seedlings are kept in the nursery 
for three or four years, when th^ are definitely transplanted to their proper place 
along the sides of the fields. The trees stand in line, at a distance of from 0 to 
7 metres from each other. They are generally all graffod. In May, after the worms 
are reared, the trees are carefully pruned, but are not polled, as is usually done in 
North Italy, a practice condemned in this province. 

Generally throughout the province the silkworms are bred by the •metaytr on the 
farm ; the farmer provides all the utensils required, as well as the labour, while the 
proprietor purchases half the eggs and half the leaves required to feed the worms, if 
the farm does not produce a sufficient quantity. When the cocoons are sold, the 
profits are equally divided between the two. In some parts in the neighbourhood of 
Forli, for example, should the proprietor prefer seUine his leaves to rearing silk- 
worms, he forbids the mttayor to keep the latter, and se^ the first to his own exclu- 
sive profit. EUewhei'e, as at Jfieldola, a neighbouring commune and an important 
centre of the silk industry, the profit from the leaves is equally divided between 
landl(«d and farmer. 

A small factory for the production of damasks and *gro8 da soie,’ as well agof 
linen cloths, plain and damasked, with nine Jacqcabd and twenty PiAin looms, has 
been establisW at Forli by Mrs. A. Ricoz; thirty-five workwomen are usually 
•nmloyed. 

VBinCB. — The crop of coooons in 1876 was very scarce, and from the beginning of 
the month of June reiy active eilk business was concluded at about 60 lire per kilo., 
but at the end of the month the prieee roee to about 100 lire per kilo. 

Notwithstanffiag a large supply of silk imported from the fiast^ which produced a 
temporary stagmSon, wa prices oontinned to rise, and at the end of the month of 
August first quslity eilk was sold at 180 lire per kilo. European Bilk when maun- 
fretuxed being lighter than Aaiaitie, the price of the former reached on September 6, 
144 lire per ulo. 

In Deeember 1876, however, on the 17tb of the month the price of raw sOk was 
117 lire psr kilo. (41. 6s. 6d.). 

In 16^ the crop of cocoons in Tenstia and the Tjtol was 678,000 kilof.* whilst in 
1876 it was only 288,600 kiloav, being therefore a diminution in 1876 of 484,086 kUce. 

1%e exports of silk and maanfoetures of silk from Italy to En|^d during ^ 
five yaws lodug Deeember 81, 1876, were, nocording to Mr. Huunr^f Bifort to Sv 
A. Aaart, es Wows. This is giren in values per 1,000 francs 



SILK 


1871 

. 6.006 

1872 

. 4,406 

1878 

. 2,896 

1874 

. 6,266 

1876 . . # . . 

. 6,812 


Onw IK Indu.— F zom AuJOf’s Inditm Mail w« gather the following iafomatioa 
NfpeoUnff the production of silk in India s— 

*^o oentimea ago silk waa raiaod in Ghi\iai4t» and ao late as 1829 Dr. KumfsoT 
asw the proocaa of ailk mann&eture in that province. The attempt to cultivate ailk 
in Bommty waa made by Dr. Soott in 1886 ; but, aomehow, the reanlta were not 
enoonraging. -Some yeara afterwarda Signor Mutti took up the queation, witfi the 
aanction of the Bombay Government, and hia earlier experimenta promiaed well. 
BCulberriea were thickly planted in many parte of Bombay, and atrong hopea wero 
entertained that the ^nta would thrive^ and that native cultivatora would grow 
mulberry treea auffioient to feed a large number of worma, the ailk of which would 
equal the beat of the Italian aoit. But before long Signor Morn fell ^1 ; the aucecaa 
of hia experimenta waa called in queation, and their ultimate failure waa aacribed by 
hia aucceaaor, Mr. Bawob, to the adoption of the ** atandard** in preference to the 
“ biiah'* ayatem of cultivation. From 1849 to 1868 the ailk induat^ on that aide of 
India no way at all. At laat Dr. Bianwoon propoaed to utiliae the wild worma 
to be found in many diatricta, but nothing then came of hia recommendations. It 
waa not till 1866 that a really auoeeaaful experiment waa made by Dr. Mamunmni, ^ 
superintendent of Dharwar Gaol. As far back as 1848 silk had been cultivated in 
the Dharwar district with such success that 272 lb. of silk, worth 600r,, had been 
turned out by natives, while 144 lb. produced by the prisonera had been sold at the 
rate of about 6s. a pound. Between June 1868 and September 1869 the gaol produced 
10 lb. 14^ OBS. of raw silk*, valued at 8r. a pound, from 146 lb. 10 oae. of cocoons. In 
the latter part of this period there was a marked increase in the weight of the 
cocoona and the percentage of silk to weight ; an improvement which Dr. Macxbmzib 
ascribes to greater care and regularity in feeing the worms, to improved ventilation, 
and dry well-lighted rooms kept at an even temperature. Samples of the silk were for- 
warded to lioaara. Ponnocx, auk manufacturera, at Glasgow, who declared them to be 
of much stronger and better texture than the Bengal silka. ^ It seems certain that 
Dharwar, with its equable climate, is no leas suited for rearing silkworms than for 
growing cotton, and toe excellence of its cotton is already beyond dispute.’ 

Although toe importations of ailk from Asia were larger than in former years, yet 
' as the general crop was very scarce in 1876, not only in Europe but also in the 
countries of the East, there ia every reason to suppose that after the settling of the 
Eastern Question the price of European ailk will again rise. 

Silk Imparts and Ehporfr.— The following represents our import and export trade 
Ih silks in 1876 and 1876 

Impobtb. 


Knubs, or husk and waste . 
Baw silk .... 
Thrown silk . . • 


1875^ 

1870 

Owt. 

Value 

Owt. 

Value 

88,787 

4,487,887 

110,010 

£ 

416,086 1 
8.448,722 
102,784 

29,668 

6,061.927 

164,040 

£ 

406.061 

6,770,841 

169,298 


suit MasH ^ ae t ures, 


Of countries out of Europe . 
Of conntcieB in Europe : *1 a 
^ BKM^Btuflh , y 

^ Silk and aatin . j 

Velvets (phdn or dgnred) • 
Bibbcma . . . « 

,, (other kinds) , 
Blttwi for making hats 
Emttvlketnres of silk, or oTl 
silk mixed with other > 
articles (unenamerated) J 
VoiiilV, 



1870 

Value 

. £246,800 

me 

Vtfue 

£260,881 

• 

. 7.070,716 

6.999,876 

» » 

• • 

p • 

. 1,084,404 
, 1,980,410 
. 164,867 

, 21,800 

827r608 

1,718,051 

7M86 

hl.687 

. 

. 1.697,626 

l,828.t48 

8F 
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EZPOBTf. 



1875 

1876 


Tsrdi^ 

Yalne 

Taifii 

Velas 

Silk, thrown (twist or yam) 



_ 

fi 

1.060,678 

478.227 

Silk manufhctnres , , 

1,937,429 

866,441 

2,612,810 

Haodkerchiefr, &o. . . . 

— 

846,669 

— 

816,818 

Bibhons of all kinds . 


182,809 


201,664 

Lace 


187,616 

i— 

196.906 

Unenumerated .... 

— 

412,818 

— 

882,891 

Silk and other materials . 

1,717,231 

196,496 

1,880,927 

mnmm 

Other kinds . . . j. 

— 

92,871 


98,266 


■X&U, B&ACX, waiOXraD. M. J. Fbbbob hai examined these silks 
irith great care. The weight of silk was first increased to a very limited extent, 
to make up the loss sustained in ungumming, but it has increased to the extent, in 
some instances, of 300 per cent In the Monitewr ScimtHigue, Fbbsoz states that the 
weight is pr^uced bv treatment with salt of iron and astringents, with salts of tin 
and the cyanides. The bulk is augmented proportionally wi^ the weight ; what is 
sold as silk, he says, is a * mere agglomeration of heterogeneous matter, devoid of 
cohesion, held temporarily tether by a little silk.' The elastic!^ and tenacity of 
the silk are sensibly diminished. Ordinary silk is sparingly oomirastiblek but tliis 
weighted silk bums like tinder if touched with flame, and it is liable to undergo 
spontaneous combustion. It leaves an sab of oxide of iron exceeding 8 per cent. 

M&VUt Comportment of Certain Alloys of Silver und&r the Aetion of 

the Blowpipe. — Silver unites mth tin under the action of the reducing flame into a 
malleable globule, and also with lead ana thallium ; with bismuth the globule is brittle. 
Silver unites readily with copper and gold, forming msUeable globules. — O hapmak. 

flXliVm AMAabCIAlIATIOir. Mr. W. SxBT, who has been pursuing a line 
of inquiry which bears strongly on the separation of the precious metals from the 
gangne, or from the other ores with which they may be associated, has ascertained 
the following flicts 

1. Pure suver, when immersed for a few hours in pure water, does not amalga^te 
immediately; 2, snob effect is not produced with rain or spring water; 3, silver 
modified by distilled water is brought back again to the amalgamable state by con- 
tact for a snort time with rain or spring water, also with acetic acid or sulphate of 
iron, and by raising the temperature to 600^ Fahr. ; 4, electric currents are generated 
by silver in saline water free from chlorides, iodides, or bromides ; 6, silver does not 
pass into this non-amalgamable state in dry air ; 6, spongy silver immersed in an 
aqueous solution of chloride of sodium, soon renders it veiv alkaline. (Qy.—Is there 
any evidence of the liberation of chlmdne? — £d.), Sunlignt exerts no effect in any of 
the above reactions. — Transactions and Prooeedingsof the New Zealand InsHlute^ 1876* 

CkSian Amalgamation Process, — ^At voL iii. p. 802, will be found a detailed state- 
ment of the Mexican amalg^ation process ; and at p. 807 of vol. iii. the Washoi 
prooess, which is laigely carried out in the silver works of Nevada, is described. 

The discovery of large deposits of chlorides, iodides, and chloio-bromides of silver 
in Chili, rendered necessaiy a process more rapid, even if less perfect. The ores 
were ground finely, and the powder csmed by a stream of water into sheetjron 
settUng tanks, two metres wide and three deep, which were filled successively. ’When 
frill, they were ^owed to settle for eight to ten hours, in order to ensure perfect 
subsidence of the mud. The water was then run off and the sediment carried into 
tinas, or wooden vats, with cast-iron bottoms 1*8 by 1*2 metres. In each of these 
revolved an with cast-iron arms, which pass close over the bottom of the vat. 
The charge was ton. The ore was a mixtore of <dkloride, iodide, ^ bromide of 
silver, and the gangue carbongtes of lime and with oxide of iron. Meronry 

was then added to twenty times ihe weight of the silver present. The stirrer revolved 
fonr timff in a minute. The amalgamatiou was complete in twenty heure. yfntsr 
was run in, and ^e stirring continued. The mud was run into eettlmg tanka, 
men tlie water became cleerwn orifice was opened, and the meicory end Cmalgam 
ran into iron vessels called eoohas. The amal^m was filtered throng tbi^. oottov, 
and afterwards distilled. Labour, lots of mercniy, and other expenses emoHutsd to 
A2 If. fid, per ton for ores containing less than 60 parts of silver to lOrOOO. An 
entire opemra, i»)^ln4iug grindit^ w orst lasted sixty hoars, Tbs relaottt or 
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nridnei, waih6d awsj bj th« wntar eontaiiied 8 to 10 of dlfor in 10 000, and nem 
BTOtiflnd 80 oven in iidi ovea. The ailver oontained 1 pm mat. of imparitiea. 

In eoviee of time the method ohanged. The amalgamation lasted six honza— not 
inclnding the waehing. Ores oontainfng only 80 silver in 10,000 came into working. 
•‘Hm audit j of the ore varied, the pro|»oryon of enlphides increasing as the veins 
were followed to greater depths. The refoevs grew richer, and the yirid of metallie 
eilver less, whilst vast heaps of poor reeidnes aeenmnlated near eve^ mine, to which 
were added the dmmmtm or inferior matter left out in sorting^ varions methods 
were tried for extracting the silver foom these refoess. The fVeyberg method of 
roasting and ohlorinisaUon was tried, hnt without good results. Ohlorinisation 
followed by ammonia was also a failure, partly from the high price of ammonia. At 
last an attempt was made to adapt to ^eee ores the sulphate of copper process, 
which had previously been confined to the neprilloa, or rich black sul]^ides. It it 
based upon the following reactions :->Sulphate of copper in presence of common salt 
becomes chloride of copper : — 

OuO.So*+ KaOU OuCl + KaO,So>. 

The chloride of copper in contact with the metallic eoppw of the vessels employed 
became subchloride of copper, which, in pteeeaee of sulphide of silver and mercory, 
reacts upon the sulphide of silver : — 

AgS + 0u*01 + nHg - AgHg + OuCl + CSu + (»— 1%. 

The reaction was performed with great loss of mercury, and the copper vessels were 
soon destroyed. Tne first step towards improvement was to form subchloride of 
copper^ other means. Common salt was dissolved in water to the extent of 6 per 
cent. This solution is known as saumurs, and is used in amalgamation. Sulphate of 
copper is disolvod in water up to 20° B., and common salt added to saturation, 
forming thus chloride of copper. This is next put into a wooden vat, and metallic 
copper added, chiefly old sheathii^ foom the bottoms of ships. A current of steam at 
a pressure of three atmospheres is next driven in to boil the liquid. ' At 212° Fahr. 
chloride of copper reacts upon the metallic copper, forming subchloride of copper. 
This reaction is known to be complete when, on taxing up 60 cubic centimetres of the 
solution and (liluting with a litre of water, the oxychloride of copper falls as a white 
powder, leaving a perfectly colourless solution. It must be used immediately, and 
potect^ as much as possible from contact of the air, which would convert it into the 
insoluble oxychloride. To prevent this change it is slightly acidulated witb sul 
phurie acid. 

The ores are first powdered in the tapiohet an apparatus like an oil mill. Two 
vertical wheels, each weighing four tons, faced with wrought iron or steel, revolve on 
a disc called iolera, made also of iron or steel, upon which the ore is spread. The^ 
make ten or twelve revolutions per minute. The ore is nound to fine oust, which ia 
carried off by a stream of water as fost as it is formed. The quantity of water ii 
proportioned to the fineness of the powder desired. Tho current of water passes 
successivoly into several tanks and runs clear from the last. When the first is quite 
full it is allowed to stand to settle for eight hours. Tho mud is then shovellea out 
and spread ou level spaces called canohas and let drv in the air. Rmh settling tank 
is tlm metres wide at top, two at bottom, and four deep. 

The ore, when dry, is put iu casks holding from one to four tons. The latter siaa 
are 1*8 by 1*6 mitre, and the staves 0'076 in thickness. 

The charge is four tons of ore, with saumure enough to form a thick paste. 
Magistral is added aocordiug to the richness of the ore and the nature of the gangue. 
When this is calcareous more is needed than for cl ly and iron, the lime decompoeing 
pf^ of the subchloride of copper. For area containing 20 parts of silver in 10,000 
with a mixed gangue, 28 to 30 litres of magistral are use£ The casks are turned 
20 to SO minutes, then the mercury is enteiid» to 80 or 26 times the weight of the 
silver present. The casks are then tamed for six hours, four or five revolutions per 
minute. If much chlorine and bromine are present, 100 Ib. of lead are added for each 
26 lb. of mercuxT. This prevents chlorinisation of the mercury, as the chlorine and 
bromine go to tne lead in preference. Lose of msrcni^ is thua avoided, as also its 
fine Bubiiviaion by meant of thin j^liclee of chlorides, which prevent it flowing 
together. The lose is thus reduced from 160 to 26 fiarts. The washing ia peformM 
as at Frfiyb^. 'The amalgam has stUl to be pnnfled from oxide and eulphide of 
copper. This also ia done in a tina. The amalgam is ehax^ in a vat with 1 0 per cent, 
of meicniy and idfzed sixteen times in a minute. The suphide and part of &eoxide 
are separated. Ibis operation is finished when the water flows out dear. Then the 
wBlar inmontof thavatandSparceoKof easbonateofaniBoinaradded: itistaMdi 
front ftfor to five houra and than washed, when the amalgam is found fraafooiir s o nipsK 

Xhoamolgam is distilled jmt dss w ps sm . The fumoee is a cast iron ball wi&iia 
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bottom plunged in water to oondenie the mercury. The upper part is BurrcnDda4 
with a wall to eupport the fuel, haTing a space 8 to 12 contimetree in width. 

The spongy eilver {pina) is fused in a reverberatory fUmace. It is well rabbled 
with iron b^s, which removes the arsenic. The silver then contains 98 per cent, of 
pure metal. The process is applicable to all ores except argentiferous galenas and 
ooppefr pyrites and nlendes and ores containing more than 1 per cent, of arsenic. 

%e materials operated upon are relavia containing 4 parts of silver in 10,000 and 
ores eontaining 6 m 10,000. The residues contain from 1'6 to 2. 

The mercury, after being used four or five times, has to be purified by adding 
20 grams of sodium amalgam to 100 kilos. 

•lliVBR. (Vol. iii. p. 801.) Chilian Method of Sanmling Silver Om , — ^By the 
plan which is rollowed in Kbohkxb's Amalgamation Works in Chili and Bolivia, 
as wril as in the principal mines of the desert of Atacama, the ore is piled and 
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divided into four or more portions at one operation. The apparatus employed con- 
sists of a sheet-iron hoppm supported on four inclined legs, braced together by hori- 
Bontal tie rods, below which is suspended a bell or pyramid that can be adjusted by 
■crews so as to be exactly concentric to the bottom of the hopper. Below the bell is 

2527 



plaoed the mmj^g frame, a fbnr^umed rectangular oroas of boards, whose outer 
edges ere inoUned at 85^ to the horinon, or about that of the natural talus of the 
broken ore. This cross is made in three pieces, and tied together iron rode when 
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in tuM. TIm om thrown in at the top paeeet ow the eidei of the bell, ie diitiibuted 
unifbmly into the four diTieione formed bj the czoea, any one of which mar therefore 
be aeoepted ae a fiiir representatiTe of the whole. With a ones ft. high, the heap 
eubee atot 400 ft., equal to about 20 tone. Care must be taken to keep the etream 
of ore ftagments ae continuous ae noeeible, but when this cannot be done the begs of 
ore are emptied alternately on the four sides of the hopper, for which purpose a stair- 
case, shown in the dotted line, is placed on each of the four faces. When the Quan- 
tity of ore to be sampled is very large, intermediate walls are sometimes used, dividing 
the heaps into eighths. The selected quantity, whether one-ei^th, one, or two 
quarters, is then passed through a similar apparatus of smaller dimensions, and the 
next selected quantity a third time, when two rectangular iron boxes, placed eross- 
wiso, are substituted for the cross, so that one-half of the ore is received in them 
while the other half falls on to a plate on the ground. At each operation the eise of 
the fragments is reduced bv grinding, so that finally a weight of only a few pounds 
romains. These are ground in a cast-iron mortar under a ^l to a fine powder, and 
from it the three samples for assay are taken. At Erohkxb’s Amalgamation 
Works at Antofagasta, the assays of ore sampled by this method over a pefiod of two 
years, the lumps being broken to the size of a walnut, when compared witn those made 
on the ore prepared for reduction, ft.s. ground to a fine powder under edge runners, 
showed a difference of between U‘6 and 2 jper cent, on the silver contents of ores ranging 
from 80 to above 300 ounces per ton, being sometimes above and sometimes below. 

Analf/sia of Silver in the Moist Wc^. — M. A. G-dtabd, in the Bulletin do la 
SooiSti Chimique de PariSt eavs there exists in the territories of Utadi and around the 
Great Salt I^e enormous deposits of spongy silica, evidently deposited ftom hot 
water. These silicas are coloured, very variously, by oxide of lead, oxide of copper, 
and oxides of iron — hydrated and anhydrous. Nearly all are impregnated with oxide 
of lead and chloride of silver. Their proportion of silver varies &>m 1 to 10 kilos, 
per ton. The great quantity of silica which those ores contain (rarely less than 
00 per cent.) render them very difficult to treat ; hence the ores of the Salt Lake are 
the despair of smelters. Those of Utah are not rich enough to bear the cost of 
carriage, and must be utilised upon the ^t, where salt-pyrites, manganese, oxides 
of iron, charcoal, and wood are plenty. The real difficulty lies in the fact that the 
chloride of silver of these ores Is scarcely soluble in alkaline chlorides and hypo- 
sulphides, whilst roasting the ores, either at high or low temperatures, renders them 
still less soluble. 

A mixture of Utah ore ground, 1 part, and of oxide of manganese 1 part, common 
salt 3^ parts, and strong muriatic acid 7 pirts, is heated to the boiling temperature 
and maintained at it until all the chlorine has escaped. The liquor is then decanted, 
and the residue washed once or twice with hot water. Almost all the chloride of 
silver will be found in the solution, whence it is separated by precipitation with 
metallic iron. 

Along with the silver, lead, a little copper, and other minerals are deposited, 
forming a metallic paste, from which fine silver is extracted by eupellation. The 
following method of operating is recommended n^The ore and the salt are fint mix^ 
half of the muriatic acid is added, and the mass ie boiled. By this the oxide of lead 
is dissolved, and the chloride of silver is laid bare. The second half of the muriatic 
acid is then added, and the manganese ie gradually introduced (about one-tenth at a 
time), permitting all the chlorine to escape before adding a fresh dose. 

The residual burnt pyrites alwa^ s contain gold. The vessels for the treatment of 
the silver ore should ^ of wood, slightly charred on the inside, the contents being 
boiled by a let of steam. 

New Zealand Silver . — A mass of native silver was sent from the Thames gold- 
field, New Zealand, to Mr. Pattuom Mttxr, and shown to the Aiio 

Bophiflol Society. The analysis was : — 


Silica and gangue . 
Silver . 

Mercuiy 


1-98 

070fi 

0-28 


Copper . 

Iron 

Bismuth 


99-26 

. O-OOOOo 
. 000109 

. minute traces 


SUtoff, Assqy 0 /.»The following note from the Amerieon Chemist on the ^^anss 
of discrepancies in the estimation of silver in pig lead, by Dr. Paul ScHwattuua, is 
interesting * He bad occasion, he says, some years since, to determine the silvei^ hi 
a lot of lead from one of the Westeni States, and took two samples for this pnrpoM 
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firom a kattfo -vliieh contained about 10 tou of melted metal. The mean of the tiro 
laBaje indioated 81*62 oib. of eilver, indueive of 0 86 oi. of gold, to the ton of lead, 
▼bile other partiee who aseayed it at the same time, but took their sampleo fgcm one 
or more dabe out out of the middle of the pige, rep^ed leae. Thinking it not at all 
unlikdy that there might be a difference in the oompoeition of the metal detiyed from 
different parts of the pig, Dr. Schwkiizbb cupelled seventeen samples, eaoh weigh- 
ing about 16 p;rams, and taken from a pig of about 86 lb. in weight, under nearly 
uniform condiuons, and he found that the silver collects in huger quantity on the 
outside than in the interior of the pig, in greater proportion on the upper than on 
the lower side, and in fact more in all those parts which solidify first. 

Production of Silver in Ccdfomia in 1876. — ' The silver yield of Nevada haa been 
larger this year than ever b^ore. The Consolidated Virginia has continued to pay 
its monthly dividend of ^1,080,000, commenced in February, 1876, and. in May, 1876, 
its companion mine, the California, began to reward its stockholders at the same 
liberal rate ; the two now yield <^25,000,000 net, and ,^87,000,000 gross a year, and 
most of the former sum goes directly into the pockets of the San Francisco stock- 
holders. It is asserted by persons supposed to have good sources of information, 
that a large body of very rich ore has of late been found in the lower levels of the 
Consolidated Virginia, and that it extends into the adjacent Best and Belcher mine. 
If this be true, this bonanza will, at no distant time, pay dividends to three com- 
panies at least, possibly to more. The opening of a large lx)dy of ore in the Justice 
indicates the situation of the lode south of the Overman, a point about which there 
was previously mucli doubt ; and other discoveries, whispered about in confidence, 
if correct, will show that the rich portion of the lode extend considerably beyond the 
Ophir on the north and the Belter on the south, and raise the hype that other 
bonanzas will come into competition with the ore now worked in the limits of 
Virginia City. The mining districts of Nevada generally, with the exception of the 
Comstock L^e, are under a doud. Eureka has probably not produced ona-thixd so 
much bullion in the first ten months of 1876 as in the corresponding period of 1$76. 
Tho decline in the price of silver, a strike among the miners, the exnaustion of 
rich ore-bodies in some of the mines, and the increasing cost of charcoal on account 
of the scarcity of wood, contributed to the stoppage of work. White Pine and Ploche 
have not recovered from the prostration which struck them in previous years.’ — The 
San Francisco Alta» 

Cawada. — Nuggets and grains of native silver have been found in washing ibr gold 
in all parts of British Columbia. The following extract from a report made the 
Minister of Mines is of interest : — 

’ True veins of silver ore were discovered about 1871 in the Cascade Mountain 
Banee at Fort Hope, about 80 miles from the mouth of Fraser Hirer and 6 miles 
south of the town. The first lead, called the Eureka Mine, crops out about 6,000 feet 
above the river level, is well defined, 4 to 7 feet in thickness, and has been traced 
3,000 feet. A tunnel has been driven into this lead 190 feet. The ore is described 
as i^entiferqus grey copper, and has yielded, under assay, from /20 to ,6l»060 worth 
of silver to the ton. 

’ During the time the above lead was being worked, another about 800 feet distant 
was discovered. This is of a far more vuuable character, and is called the Von 
Bremer mine. The ore is described as chloride of silver, and has yielded, under 
assay, from 026 to ,^2,408 of silver per ton of rock. A quantity from the outcrop 
sold at Francisco at 0i2O a ton. The lead is distinctly traceable for half a mile. 

* A specimen of the Hope silver ore—” a yellowish decomposed veinstone aasayed 
by Dr. HABBiNOToir, gave 271*48 ozs. to the ton of 2,000 lb.; it also contained lead, 
copper, antimony, iron, arsenic, and sulphur. 

* A specimen from the Eureka mine—” a veinstone of spathic iron with some quartn ** 
—assayed by Dr. Huirr, gave 847*08 ozs. of silver to the ton of 2,000 lb., also sulphur, 
antimony, and capper,* 

Silver ores are found at Jarvia Island, on the north-west shore of Lake Superior, at 
Poiute-aux-Mines, and McKellar’s Island, Thunder Bay, Silver Islet^ and other 
parts in Lake Superior ; also in Oregon and other Parts. 

Nbw Soptb Walbb.— Silver glance, sulphide ox silver* Ag%. This ore has been 
found with iron pyrites in quartz, also in limestone on the Clarence River, and on the 
Manning River ; at two or three places near Bathurst, at Copper Hill on the western 
side, a^ at Brownlea ; on the Page and Isis Rivers; at Brunaby Greek, county Ar- 
gyle; at Bronlee, Moroya, with cobalt, sine, and iron; Teesdale, county Bathurst; 
Qumbeyan River, Buzra Creek, Yass River; Buokinbath; Ticking PoM O0kn^ 
Maequarw ; Bortowa Creek ; Grookwell River ; with gold, lead, and sine it Onlgoqg*; 
with carbonate of lead at Peelwood ; with galena land iron pyrites at SheUimfll eC r ; 
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HorrtimbidgeA Oraek wHh Monntein Or^ In nearly all caies the aulphide of tllTer 
oeonn mixed more or lees intimately with galena, so that properly it should usual^ 
be termed argentiferous galena. 

Tke Prodwm qf th$ Oniony South Walea.—Hh^ compiler of the MinM and 

Mineral ^atiatieo of New South Wales assures us that there are no reliable retorna 
before 1869:— 


Tear 

Quantity 

Value 


Ou. 

dwts. 

£ 

1869 

763 

0 

199 


13,868 

6 

3,801 

1871 

71,811 

18 

18,681 

1872 

49,544 

17 

12,663 

1873 

6e,e»7 

10 

16,273 

1874 

78,027 

0 

18,880 


307 tons ore + 281,238 ozs. 11 dwts. silver, |^77t210. 


Ukited Kingdom. — It will be understood that, with the exception of a small quan- 
tity of silver found native at Wheal Newton, in Cornwall, and a little separated in 
the treatment of iron pyrites from Sritish mines, all the silver is obtained from lead 
ore. It will be observed that the load ores of different counties vary very much in 
the quantity of load contuinod in them ; iho load ores of Devonshire and of Cornwall 
boinc the richest, those of Derbyshire and Shropshire being the least argentiferous. 
Much of the Shropshire lead is, indeed, entirely free of silvdr, and this ore is sold at 
an advanced price to the potters as ' pottom* ore,' the presence of silver giving a little 
colour to the glaze in which the lead is used. At p. 817, vol. iii. will be found the 
production of silver up to 1873, the following table continuing from that date : — 


OountlflB 

1874 

1878 

1876 

Enghind. 




Oa. 

On. 

On. 

Cornwall . 




86,804 

26,661 

87,860 

Devonshire . . 




7,809 

4,642 

6,890 

Somersetshire . . 




400 

— 

_ 

Derbyshire . . 




800 

— 

— 

Shropshire 




1,912 

4,884 

2.748 

Cumberland . 





12,628 


Yorkshire 




1,600 

lJh704 

7,488 

8,860 

Westmoreland . 




16,114 

8,214 

Durham and Northumberlaud 




70,191 

74,096 

Wales. 







Brecknodishiro 




80 


180 

Cardiganshire . • 

. 

. 

, 

41,047 

48,624 

46,418 

Carmarthenshire 

, 

, 


1,651 

1,827 

1,910 

Radnorshire . 

, 

, 

, 

150 



66 

Pembrokeshire • 



, 

688 

668 


Montgomemhire . 
Hetionethsnire . 

• 

• 

• 

66,081 

684 

84,981 

666 

67,414 

222 

Denbighshire . • 

Flintshire • . 

• 

• 

, 

12,109 

22,861 

10,878 

18,246 

, 

, 

, 

12,699 

18.161 

Camervonehise • 

9 

• 

• 

4,042 

4,789 

4,669 

MiqfMm • . 

• 

. 

. 

101,612 

188,624 

170,106 

Inland • • • 

• 

• 

• 

6,666 


8.840 

Butbmi . . . 

• 

• 

• 

11,817 

16,806 

12,814 

Total . 

• 

• 

• 

809,277 

487,808 

M,t(» 
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Vialw €(f ^ impoiM into (U United Kingdom ; or ore, of irhicli the greater pot 
in yalae wu eilyer : — 


Countries 

1S74 

1870 

1878 

From (Germany « 

£ 

£ 

£ 

86,284 

„ France .... 

— 


12,880 

„ Spain .... 

„ United States of America 

206.070 

240,106 

292,841 

47,168 

8,660 

6,287 

14.672 

„ Mexico .... 

2,264 

7.010 

„ New Granada . 

8,218 

176,029 

28,086 

10.608 

„ Peru .... 

86,768 

66.774 

„ Bolivia , , . ^ 

108,806 

117.746 

21,713 

„ Chili . . . .* 

226,088 

77,146 

42,016 

„ other Countries 

6.028 

20,706 

8,406 

Total . 

769,866 

646,164 

499,776 


SiLTKR Buluok coined at the Mint in 1874. — The Miscetlaneoue Statistioe gives 
no iuformation later than 1874. In that year there were coined 


Silver crowns • 

993, 600-000 

Volne 

£ «. dL 

278.240 (T 0 

Half'Crowns . . 

676.360*000 

180,774 0 

0 

Florins .... 

1,000,080-000 

276,022 0 

0 

Shillings . . . 

384,480-000 

106,732 0 

0 

Groats .... 





Threepenny pieces . 

202,320-000 

66,638 0 

0 

Twopenny „ 

— 

— 


Three-halfpenny pieces . 

— 

— 


Maundy money • • 

720-000 

198 0 

0 

Total . 

8,238,660-000 

890,004 0 

“b 


United STATB8.>-The production of silver in the United States is given by Dr. 
Bossmui W, Kaymond as follows • 


From 1848 to 1868, inclusive, f 50,000 per annum 
1869 .•••••%• 

1860 •*•••••. 
1861 

1862 *••••••• 

1868 ••«••••• 

1864 •■•••••• 

1866 ••••••.• 

1866 ••.•••* ■ 
1667 
1868 

1869 •■•••**• 

1870 

1871 •*«»*•*• 

1872 ••*••••• 

1878 •••••••• 


j ^ 660,000 

100,000 

160,000 

2,000,000 

4 . 600.000 

8 . 600.000 
11 , 000,000 
11 , 260,000 
10,000,000 
18 , 600,000 
12,000,000 
18 , 000,000 
16 , 000,000 
22,000,000 
26 , 760,000 
86 , 600,000 


Total 


,^186,800,000 


JVnmaotionB qftie American Institute qf Mining Bngineere, 1876. 


The production of silver in the states and territories west of Hissonri filver during 
1876 was /42.000,000 silver ore, and obtained from lead $6,000,000. 

The oonditions under which silver oceurs in nature are described in the artiela 
alre^y referred to, and the districts in which the various ores are frnnd are distin** 
gnished. The devaiopnient of the mines in North America will, however, leoito sona 
additional notice. Quoting in the farmer article from Mr. Jobk Amsun Auxufs^s 
work on ' 0old and Silver/ a table was given showing that the production of sUver in 
the world in 1865 was equri to about 4,000,000 lb., of the value of 12,000,0001. sterliag> 
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This wtui InetMted in 1875, as shown by the following table eompiled for the Eteeh 
Oovorament, to the value of more than 15^000,0001. 

7'Ae Prodwtion 8ilvtr throughout iht Gtobe tinoe 1852, extracted from the Journal 
Officiel de la Mpubligue FSnmfoiee du 16 Join, 1876 : — 


1852 






202 millions of francs. 

1858 






208 

1854 






208 

1855 






208 

1856 






202 

1857 






208 

1858 






202 „ 

1850 






208 

1860 






202 

1861 






218 

1862 






226 

1868 






245 

1864 






267 

1865 






260 

1866 





s 

268 

1867 





• 

270 

1868 





a 

260 

1869 






237 

1870 






268 „ 

1871 






806 

1872 






826 

1878 






850 

1874 






357 

1875 






403 


6,080 znillions of francs 
■ about 226,125,0001. sterling. 


The production of silver in the world in 1875 having bean valued at 15,125,500(1, 
Hterling. 

The depreciation of the value of silver has during the past^ year (1875) been the 
cause of much alarm in the commercial world, this alarm being, to a great axteiit, 
needless. 

The average price of silver for the past five years has been as foUowi 




d. 

1872 . 

. 5 


1878 . 

. 4 


1874 . 

. 4 

10* 

1876 . 

. 4 

81 - 

1876 . 

. 4 

4^ in the first eight months. 


We learn, especially from the report of Mr. GhMOBnn’s committee on the depre* 
elation of silver, that this reduction in the value of this metal was lunneipally, if not 
entirely, due to the enormous production of silver ores firom the mines of the United 
States of America ; the words of the report bein^ that the depreciation in the vidue 
of silver was due to the discovery of new silver mines of g^t richness in the state of 
Nevada. The estimate for the year 1876, an able writer in the Tlfmes of Novem- 
ber 24, 1876, well acquainted with the snlject is exceedingly wide of the mark. 
Nothing' could show more conclusively how untrustworthy the statistics of Government 
officials fluently are, and how mischievous their misoalenlations may be than the 
presentoase. Dr. LonxmiCAif, the Director of the UnitedStates Mint, estimated tbemo- 
duetion of silver in the United States for 1875 at |^50,000,000, or 10,8i2,500(. steding ; 
whereas the best authorities in CaUfomia, with the figures to the end of Septembw 
before them, estimate the amount the year at ;^28,000,000, or about 6,691,666X. 
sterling. It was stated in the ZHsms of August 29 that the year’s produotioa would 
be between Jf25,000,000 and ^80,000,000. The total yield will be about SM, 000,000 oas. 
of fine silver, this b^ng the most acourate form of estimating, as the price duiing the 
year has been subject to considerable fluctuations. The loose manner in whimi In 
neerly sU the statistios of silver here the dori bullion-^ that is, gidd and silver ki 
aombidalion^faas been daaeed as silver, has been the chief cause of erroneous Caleu'^ 
hptioiia, and ohw tbs prindpal mines are beginning to report the exact amount «f 
silver as distingdshea from gold. The foot Uiat the large amounts said to have bask 
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prodiioad M>t appMrod on any of the silver markets of the woildp is most eon- 
elnsive evidenoe as to over-estimate. 

So tha^ taking the estimates of the prodnction of silver Aram the returns of the 
mines, and from those eLg&pd. in the purchase and shipment of silver, the year’s 
production in the United States may be set down at about ,^28, 000, 000. (The 
24,000(000 OSS. of silver at 4s. 4^d. the ounce gives a value of 6,280,0001.) There is 
not the slightest doubt that the ulver product of the United States has all along been 
exaggerate, and those who have access to the best sources of information consider 
24,000,000 OSS. of fine silver a full estimate, and ono, moreover, that, with the amplest 
knowl^ge of the prosMcts of fhrthor production, they think is not likely to be ex- 
ceeded in future from the present known sources. There is, therefore, nothing to 
warrant expectations of enormous production, and the diecovoiy of new mines of s^eat 
value is entirely speculative, there being alumys some slender chance of such a thing, 
though no more now than at an^ time in the last twenty-five years. It is evident 
also that if the present snpplyiis to be kept up for an indefinite period new mines 
must be discovered to take the plaoS of those now being worked out. Humboldt, in 
his great work on Mexico, has shown that nearly one-half of the whole gold and silver 
production of Mexico came from three mining districte, while the remaining half 
came fh)m about fifty districts, comprising about 3,000 mines. So it is in Neva^ — 
the great production has been fram the ComAtock Lode ; all else in that state and 
the surrounding states has been comparatively iusiguificant. 

At the some time (the writer already quoted continues) there may be additional 
production from two sources. The Sutro Tunnel, on which about 600,000/. has been 
expended, and the total length of which will be 20,178 feet from the mouth of the 
tunnel, near the Carson Kiver, to the Comstock Lods. The woyjIcB vrere distant, 
December 1877, 1,830 feet, and since that time they have rogul^ly advanced 60 feet a 
week; and as it runs at right angles to all the lodes of wluch the Comstock is tbo 
chief, it may strike some new ledges of value before reaching the Comstock, or after 
passing through it into Mount Davidson. The great object of this tunnel is to cut 
the Comstock at a depth of about 1,800 feet, so that the enormous bodies of water 
that now have to be pumped from that, and even from lower depths, with powerful 
and very costly machinery, may run off through the tunnel into the Carson River, 
and may, at the mouth of the tunnel, give ample water for the mills intended 
to be. erected there for the reduction the ores which it is expected will be run 
out through the tunnel. It will not reach tlie Comstock for at least fifteen months 
yet ; but when completed it will be of immense service to the mining interest. Yet, 
with all its advantsges, with the prospect of cutting unknown or undeveloped led^s, 
and of enabling low grade ores to be worked at a profit tliat cannot be reduced to 
advantage at present high Cost of mining and milling, the superintendent of the 
SuTBO TuinvBL CoMPAKT makes on estimate of the pr<^uotioD of the Comstock at 
j^80, 000,000 of silver and gold on an average for toe next ten years, the division 
probably being 66 per cent, of silver and 46 per cent, of gold. One of the most 
tnistw(^y papers — the Evening Bvlleiin - in summing up lately the proportions of 
silver and gola in the leading Comstock mines, comes to the conclosTon that on an 
average there is 624 per cent, ^ silver and 47^ of gold. 

The other probaole source of increased production is Arisono, which before long 
will be placed in communicatioB with this city (San Emneiseo) the Southern 
Eaoifle Railway, of which 800 miles of the 716 from this city to the Col<»ado Biter, 
at Fort Yuma, ore oomnletod. The railway, when extended through Arisono, will 
open up new nuning fields at present too inaccessible to be worked to advontam. 
Yet, wule the states or territories of Nevada, Oremn, Utah, Montano, Idaho, Colo- 
rado, and Arisono itself hove abundance of mineral belts that have been largely ex- 
plore, there bos not been found more than one exceptionally large silver Imo— the 
Oomstock-Hind » is probable that toe railway, even if completed through Arisuna, 
might not materially increaso the production or silver. 

^e movesssots ai silver in the United States must come into our caknllltiotts. 
The exports firam oU ports fiw the years ended June 80, lees toe importB, onoenbsd in 
1872 to 095,m,M9 ; in 1872. to /2a,968,80O ; in 1874, to ^8.688,218; is 
to |fl 7, 047.^1. The expofts, leee uiporti| ol gold and silver (not silver mfy) at ths 
port of New York ibr the period from January 1 to September 80 ef toe Allowing 
yeers:— #66,102.000 in 1872 ; #88.468^000 in 1878 ; #88,480,000 in 1874; #«8#e0t000 
ta 1876 ; and #86.484^)00 in 187^ The experte, Uu imports, of siltor at the port 
of Son Fmomoo from Joimaiy 1 to September 80, 1876, were #1,094, 882> sod fin 
the awne period of 1878. #2.043, 84& 

The silver question in ths United States may, thereOrae, basumaasd in b w 
wndi. The total prodaetioD for the ysse 1878 will amonnt to ahoob 84|OQ0i#8O 
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of flue BilTer, ^oed ot Jfl lAo. per ounce ot |^27|600,000 in gold, and there ie m 
roBaooeble eoneetetion of inoreaie for the Mure from all kncnm eouroee, while the 
eontinuance of the preient lupply ie, to eay the least, problematical. The redemption 
of the ftacttcmal cuirenoy will require ^^20,000,000 more, and if coinage is oommenced 
for reeumptioo on January 1, 1879, on the single gold standard, there will be needed 
at 1 — 076tOOO,OOO of subsidiary silrer coin ; and if the double standard be adopted, 
iuTolving ftill-valued silTer coin, or the single silver standard be adopted with gold as 
snbsi^ary, it is difflcolt to say to what price silver may rise. 

The told imports into the united Kingdom for the eight months ended August 81, 
1870, were 8,280,707f., against total exports during the same period 7,069,814/., 
diowing the net importe to be 727,483/. Now, taking the allowance for eight months 
for manufaotnring purposes of 400,000/., the report of Mr. GoscHXir's committee 
Betting down the annual consumption at 600,000/., and estimating the coin^ for the 
same period at 400,000/. in the proportion for the year 1876, these two items give 
800,000/. against a net import of 727,488/. On further analysing the tables of export 
and import — in the supplement to the ESoonomut of September 9, 1876 — the imports of 
silver from Oermany during the first eight months of 1876 were 2,689,271/., against 
707,876/. in the same pericd of 1876, showing the imports to be 1,981,806/. more in 
the period of 1876 than of 1876, and, allowing for an excess of export to Germany 
for the period in 1876 as compart with 1876, the net imports from Germany into the 
United kingdom were 1,898.388/. more in the first eight months of 1876 than of 1676. 
On the other hand, the diminution of net imports from Mexico, South America (except 
Brazil), and West Indies amounted to 611,219/. for the period of 1876 as oomparM 
with 1876, and similarly a diminution in net imports from the United States of 61,912/. 
So that, looking on the supply and demand as almost exactly balanced in the period 
under consideration, the supply is only kept up by an excessive import of 1,89^888/. 
from Germany, a merely temporary source of supply, whereas the United States, Mexico, 
South America, and the West Indies, the permanent souiues of supply, from which 
largely increas^ quantities were confidently reckoned upon, show a falhngW duriu the 
eight months of 693,181/. Further, the total imports of silver into the United King- 
dom for the four years and eight months from 1872 till August 81, 1876, were 
64,836,000/., and the total exports for same period were 49,093,000/., making net 
imports 6,748,000/. Taking the figures for coinam for the four years — namely, 
3,810,116/., and taking 400,000/. for the eight montos in 1676 as alr^y estimated, 
and adding for manufacturing purposes 600,000/. per annum— « total home eoniiunp- 
iion for these four years and ei^ht months is obtained of 7,210,000/., sminst a total 
net import during ue same period of 6,748,000/., mskins an excess of export and 
consumption of 1,467.000/. over the supply. Moreover, tne net e^orts of sUver to 
Brilish India for the first eight months of 1876 exceeded those during the same period 
of 1876 by 1,622,026/., and if British India, China, and Japan sxe taken together, the 
increase of export was 1,880,826/. 

The average price of silver during these last five years of deficient supply fell from 
60^. in 1872 to 694d. in 1878; to 68^*^ in 1874, to Md, in 1876, and to 62)^ in 
the first eight monthe of 1876. The average price from 1862 to 1872 had been 61d., 
and from 1868 to 1872, 60}d. The fkll from 62{i. to 47d. in July last may bo re- 
garded as the depreciation of sheer panic ; but the actual fall from. 60^. in 1872 to 
62|d. is 18^ per cent., and from 66jd. in August, 1876, to 62id. in August, 1876, about 
7j per cent. We may remark here that the rise of the price of silver, after the gold 
discoveries in Austxalia and California, was from 69id. to 62d., or onlv per cent. 

The supply of silver thus fhlling short of the demand, the actual fall in pries must 
arise from one of two causes. Eitiier the cost of producing or acquiring it him dimi- 
nished, or the cost of producing gold or of ^nixing it has inoreued. There is no 
reason Apr supposing that the coet of producing silver has diminished, as although two 
mines in Nsvm are making extiuoranaxy at present, this is not the cose in 
Mexico, South Americ^ or in many other minee in Nevada ; and, following the eco- 
Bomio Uw that the price of the total production of any articls is determined by the 
cost of that part of the lupply which is ptoduoed at a profit under the greatest dis- 
advantages, it is clear that the price of liiTsr will not be determined br the cost in 
the more profitable mines of Nevada, but by the cost in the least profitable mines of 
Nevslli, mesioo, and South Amsrioa. 

The Gold JBU News infbrms us that the Jlta and the nrighbouring mines are de- 
velopiim remarkably well, that the TrtMn mine is turning out 60 tons of ore per day, 
wortiifronl|g80to j/dOperton. The Ofhxb Goin ahd SiLTuuMpnora OoMrAirT etato 
that * the best eneits on the lode are more confirmed than ever in the belief that the 
drift on the 1,000 let^ will lead to'a huge and valuable ore depoeit. The Onrsuo 
SibTiB Mimm Oonrairr produced between November 1 and 22 bullion to the vhlfie 
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of 121,760-88 amj ralue. The Eubska CoKsoLiDA'htD Mnrv produced in Notem 
ber wlver oie of the value of |f383.646, and other mines wore equally productive. 
These lecte are important in relation to the foregoing remarks. 

Fhutuationa in the Price of Bar Silver per Ownoejrom 1838 to 1876, 
eompUed/rom Fixlbt and Asbll's TaUee>— 



Yearly 

surer 

Export of 

Importation 


Tears 

Avenge 

coined in 

Silver to tho 

In Bars and 

Remarks 


Frioe 

Wnglitnil 

East 

Coin 



d. 

£ 

£ 

Oza. 


1883 

6H 

146 

1,805,023 

— 


■mi 

60f| 

432,776 

2.146,466 

— 


1885 


146,666 

2,038,167 

— 


1836 

60 

407.719 

2,610,101 

— 


1837 

69V!i 

75,386 

3,010,190 

— 


1888 

694 

174,042 

1,046.264 

1.786,263 

— 

Famine in Itidia. Affghan War. 

1839 


890.664 

— 

1840 

60f 

297.900 

1,841,336 

— 


1841 


89,641 

3,148,202 

— 

Great depression in manufactures. 

1842 


192,862 

4.704.678 

— 

Peace with China. Income tax 




pa>>sed. 

1848 


239,680 

8.762.472 

— 

Treaty of Oommerce with China 

1844 

694 

610,632 

2,496.069 

2,989,922 



Bank Charter A^) passed. 

1846 

60l 

647,668 

— 

Bailway mania. Sikh War. 

1846 


669,648 

1.978, 891 

— 

Commercial panic. Bepeal 6f 





Corn Laws. 

1847 


126,780 

4,204,603 

3,396,807 

— 


1848 


35,442 

— 


1849 > 

69} 

119.692 

3.811,809 

— 

First importation of Californian 




gold. 

1867 


193,842 

642,912 

8,020,000 

Great decline in export* 

1808 

004 

301,366 

1.636,642 

7,716,420 

Abyssinian Expedition. 

18C9 

«oa 

fiOA 

76,428 

2.302,943 

6.730,000 

Distress in Lancashire. 

■Lull 

336,708 

1,679.473 

10.649,000 

Franeo-Pmssian War. 

1871 

60J 

701,614 

8,712,478 

16.620,000 

Peace between France and Ger- 

1872 

60A 

1,243,836 

6,664,461 

11,140.600 

many. 

Commencement of decline in 




price of silver. 

1878 

69i 

1,081,674 

2,407.676 

12.302,200 

Demonetisation of silver in Ger- 

1874 

M* 

690,604 

7,092,726 

11.797,090 

20,000,0001, gold in .Bank of 
France. 

1876 

66i 

694,001 

8,714,404 

9,606,767 

Heavy failures. 

1676 

62 ! 

222,864 

10,014,407 

13,686,608 

The lowest price on record.* 

Great famine in India. Busso- 

1877 

m 

420,948 

17,007,630 

21,616,652 




Turkish War, 


SmZW TWiMW. A greenish yellow dye, so called from its resembling the 
colour of the yellow or greenish yellow wing feathers of some varieties of the finches 
{FrvngiUiaa) or siskins, amongst which are the common greenfinch or green linnet, 
and toe canary bird {Carduetie oanaria.) 


* From this dale the price of ter sHver per oonee steadily flnotoated a tttOe up or down of fOd. 
until 1867. 

* Ihe prloea throagh the months of the year 1876 ^ . 


FSbruaiy 

Viwda 



Kovsmbcr 

Peoemter 



i 


M 
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SLAG, UTILISATION OF 81!l 

MKA I M i The importation of skins of Tarious kinds into the United Kingdom ia 
1876 was as foUoirs:-^ 

Yelue 

Number £ 

Goat and kid (nndtessed) . 1.818.880 168.077 

„ (tanned, tawed or dressed) 0.782,726 700,802 

Seal 007,270 210,540 

Sheep and lamb (undressed) . 7,508.907 089,118 

„ „ (tanned, tawed or dressed) 6,680,881 868,924 

Furs (nnennmerated) .... 7,674.086 886,806 

Skins, not fan (unenumerated) . . 1,689,640 244,806 

Skins, Ain (articles manufactured) . — 121,820 

Natural history specimens ... — 16,074 


auo COTTOir. See Slag Wool. 

■UO, VTIUMATIoar or. (Vol. iii. p. 830.) In the former article the « 
early experiments made by Mr. Chaulis Wood, of Middlesborough, are mentioned. 
Since that time the procesaea have been more fully developed. That gentleman, in a 
paper read before the Iron and Steel Institute, esp^ially describes his slag cooling 
m^ine and that for makine slag sand. After noticing the experiments made in this 
direction by Mr. Bssskmer, he proceeds to mention the efforts made to utilise the slag 
from iron furnaces made by Messn. SiueBTON and Bowlbb, Messn. Booxkb and 
Wilson, Mr. John Gjbbs, Mr. LOrhann, Mr. Thomas Bnx, and Mr. D. Joy. All 
these are credited with doing good service, bnt nothing of any practical advantage 
has resulted from their expsnmenta. Mr. H. Wood then procelm : — 

* The whole question became one of serious moment, and many minds being directed 
to the same point, numberless schemes were proposed. Mr. David Joy patented 
several forms of wheels, upon which he fixed cast-iron trays or troughs, or more 
properly speaking chills for the cooling and disiategration of slag, and my own patent 
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for a horuontal disintegrator was perfected afid set to work. Hie sand cooling 
machines an ahown, figti, 2628, 2629. But the matter did not rest hen : the mon I 
wenCfnto the question ths mon evident it became that 1^ disintc^tion sleg could 
be made of modi value. Experiments proved this, and the vertical granulator or 
sand^ukiiig mAchlne, aomewbat resembling one of the fonne included in Mr. Jot's 
spscifisatioin, but divestsd of ths shills or troughs, and having ths sides partially 
ctossd in* TSiy similar to the rotatory puddler shown in end secuon by Dr. Simms, 
is tbs latest, .and I by no means lay the last result. And it is to draw your attsn* 
tlon ia the simplest and briefest manner to the products of then two mashiass and 
thiir uses that I venture to make these few remarks. 



814 BLAG» UTILISA.TION OF 

*llj first mftdiins tsssirss the dug oq a hofiiontal rotative table, as dunm in 
draviog {Jg* 2680). This table is eompoied of thick slabs of iron. These slabs are 
kept Mm bj a oixo^tion of water through them. The machine revolvee vaiy slowlj. 
The liqnid slag flows upon the table and forms its own thickness, vaiyiim item | inch 
to I ini^ As soon as the slag has parted with sufficient heat so as to become solid, 
water is albwed to mn fceelv upon the surface, and hj the time it airives at the 
senpers^ it is sufficiently cool to part from the table freely and break up, and then 
drops into the waggons. 

2620 



* This process, which is in successful operation, is that known as Woodwabb’s, and, 
although a revival of a very old method, 1 must certainly give that gentleman, and 
those who have worked the thing out at the furnaces, a great deal of credit for their 
pTseverance and for the success at which they have arrived. I must also, in all 
honesty to them, say that most of their manufactured articles are of a very serviceable 
nature. They are, however, only employed for footpaths, roads, &c., being totally 
unfit for building pulses. As at present worked, the process is not at all compli* 
Gated, but only certain qualities of slag are suitable, and at times, when the furnaces 
are “ changing,” the number of wasters is enormous, while the works have sometimes 
to be stopped for days. The slag is run direct from the furnaces into moulds ranged 
round the outside of a laroe rotoiy table. The machine or table remains stationary 
whilst each se|«rate mould is being filled; the table is moved by hand, thus con- 
stantly presenting empty moulds to the stream of molten slag. As soon as the slag 
becomes set in the moulds a catch is knocked away, and the bottom of the mouU 
drops down upon a hinge and the brick or block foUs out. It is then taken into 
pealing ovens, where the tempenture is raised to nearly a white hUt, after which 
it is allowed to cool. The high price obt^ed in the market for these goods enables 
the company to meet their expenses, bnt, 1 believe, up to the present time they have 
not done more than this. The goods Uiot produce are very hard, uniform in aise, 
and look well when laid ; but they are liable to crack, particularly in winter. 

* The slag sand machine ie just the opposite in principle to the flr^named machincb 
and is diown in dnwing (Jigi. 2681, 2632). As the whole bo^ of liquid slag runs 
from the frirnace it flows directly into a deep bath of water. This water is kept in a 
violent state of agitation, and the liquid slog is instantly scattered in the body of 
water in the shape of sand, the water taking up the heat and throwing it off again in 
the shape of steam. 

* The action of the slag-sand machine will be better understood by consulting the 

drawing {fa. 2680). It will be seen that it is made in a shape not unlike a rotatoiy 
puddler, mJy having aides, to enaUe it to contain from 2 feet 6 inches to 8 feet A 
water in the bottom. This ^linder is k^t in motion a wniJl pn gttip Xhe 
wtJtM it sgitatod by means cna certain number of buckets ptaoed in the of 
pen|die]^. These, bndeets are perfacated, so |mi to ut as sereens, to fimaTstc ths sasui 
from th« water ; they also elevate the sand to the top of the wheva It dnpa 

into a qponh and thance into wattODi. The apeed of the ^ ghofit 100 fret 

per minute, or about four and a half or five revdlutionst aceoadiiig to the natore of 

ilinw i» » itrt. rf fMhtagtowiliJ)# iwtq«.«<l. 

inaatingwiththeaQreanaorfioBta,|ti<oUaover in a violent maamar* Into thfr watet 

the dag ia allowed to mn dfreot frm the furnace. The water acta um the i 
of dagfayaeattoriniit^Mitwere.aiid the aetton it lo peifeot that no enm e* aay 
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pkeos laxgw than thoae diown, is allowad to form. The action of the machine )• 
pufiBOt, deliTaring the dag in a oonctant stream into wooden railway trucks, fit to be 
sent or dealt with in any way. 

* We now come to consider the way in which we can best utilise this slag sand. 
Hr. SobifiB, in a paper read befim your Institute last year, stated that, by mining 
ei^t parts of granulated slag with one of cement, he could produce a Taluable brick. 
By his process the sand requires no fhrther manipulation thiui the mining with lime 
and compressing in a hydraulic press, when, after two or three weeks’ exposure to the 
air, th^ are fit for use. The aayontages and economy of this material are manifest, 
and these must, from their great cheapness, displace millions of bricks made on the 
old plan of burning. 

* We now oome to consider the use of Uiis material, as a substitute for sand, for 
building purposes. 

' Mortar, made from this sand, mixed in the proportion of one part lime to five 
parts of sand, when ground un together, is said to be nearly equal to cement. If a 
small portion of ironstone be aSdd^, equal to about 6 per cent., this material iocrensr s 
its strength. It is thought this sand, produced, as it can be, at the same, or little 
more, than the present cost of rnnnii^ into balls, will produce a material which will 
be very valuable to fhnners, containing, as it does, from 80 to 36 per cent, of lime, 
86 per cent, of silica, and 8 per cent, of sulphide of oalcium. Its light and porous 
nature, in opening and lightening up the land, will also be of great service. 

*Ooncrete blocks, made with a combination of my first patent slag, and the second, 
or slag sand, are suitable for foundations of all descriptions, and even for walling for 
cottages. This material ie composed of six parts of machine slag, and one part of tlie 
mortar, composed of five parte of slag, with one part of lime, w^ ground up. These 
have all been mixed togeuer and formed into a block. ^ 

* 1 have only one more remark to make before concluding. 1 think 1 hare proved 
beyond a doubt that slag can be utiliaed, and that it can be put into the market at a 
very low price compared with other materials, and that it contains very valuable 
chemical combinations, different from any other. With these facts before me I do 
not see why hundrede of thousands of tons each year should not be made use of ; and 
that, u this, mostly, must be put into railway trucks for transport, it may become as 
much a source of revenue to railways as the oanying of pig iron, or other produce, 
and thus again be mode to produce a useful effect. 

Cost of making Slag Sand, 

Make of f^vnaco, about 26 tons iron. 

Bo. do. 80 tons slog. 

For Shift 

«. 4, 

One man, per day • « • • .40 

8,000 gallons ([water), at 8d. . . .20 

W^ear of machine 8 0 

9 0 X 12+36 » 3d. per ton. 

Cdnerets Biooks, per Cubvo Foot. 

«. d. 

Bough machine slag, 8 tons . » .40 

Slag mortar In* • • .40 

0 tonr . » I .*80 

Labour, If. per ton . j ,90 

17 0+9* If. lid. 

If. lid. pw ton, or |d. per cubic foot. If with Ironstone, about Id par eatfr foei 
Mortar from Slag Sand, 

8 tons sand, at 3d. 18 

1 ton lime, at 16f. • • • . 16 0 


- — - a d 

e 10 8+0-8 8 

€Mnding 14 


Poor ihiUings per ton. 


4 0 



slag wool 817 


Srieki ptr TlotiMwJ. 


2 tons 10 ewt, at 8d. per ton 



s. dL 

. 0 n 

Lime .... 


• a 

. 4 0 

Wear of machine 


• a 

. 1 8 

Coals and water • • 


a e 

. 1 0 

Labour, Ac. . . . 



. 8 2 

Per 1.000 

. 

• 

. 10 Oi 

Analyna of Fumaoe Slag. 


Silica .... 



. 38*25 

Alumina .... 



. 22*19 

Lime .... 



. 81*66 

Magnesia .... 



4*14 

Protoxide of iron 



1*09 

Manganese 



trace 

Calcic sulphide . 



2*95 




100*18 


In the discuBsion which followed the rending of Mr. Wood’s paper some practical 
romarks were made by Mr. Skhlus, of the West Cumberland Ironworks. 

Mr. SNHLtrs said he had given some attention to this matter, and he was now en- 
gaged in putting up a mill at the West Cumberland Works, to deiil with the slog 
there, which, generally speaking, was highly basic, and at about this time last year 
(May 1876) he went to Ghermany, partly for the purpose of seeing Mr. LbicicAxir’s 
process of utilising the slag. He had seen there slag — from a furnace working 
Hhsbrmhh iron, and also from white forge iron- -run into water, and he found that 
the slag produced from the furnace working on the Bbbssmrr pig broke up into pieces 
much more easily than the other, as they would expect from the large quantity of 
sulphide of calcium present, and Mr. LbuxAMV considered it a much more valuable 
product than that which he obtained iVom the black cinders when the furnaces were 
working on white iron. From such furnaces he considered that the slag was best 
utilised as ballast. Very large quantities of it were so used, but it could also be 
made into bricks. It required, however, a larmr quantity of lime than the more 
oasic slags, which, when mixed un with one-sixth of lime, was formed into bricks by 
a steam press. The bricks were dried for some weeks, and he had seen several houses 
built of them, which had been built some two years. He tried his pen-knifu upon 
them, and found the bricks remarkably hard, much harder than he would have ex- 
pected. He had had the pleasure of witnessing the making of bric^ by Mr. Bodmur's 
pnicess. Mr. Bodmer used^ a hydraulic press instead of a steam press. The two 

S roeesses were almost identical, at all events be did not see much difference, but 
Ir. Bodmrr had certainly a much bettor mixing apparatus for producing the bricks, 
and they were of a better and finer quality than Mr. Lubmann had yet attained. Mr. 
Bnelus thought there was a very great future for those bricks, and that any appa- 
ratus that would enable them to get the slag into a state of sand cheaply, and wuh 
little trouble at the furnace, would be of great advantage, because Uiat was the great 
thing. The neat difficulty was to take the slag away from the blast fhrnaoe. They 
had very little room at blast furnaces to do any work, and as far as he (Mr. fl.) 
could see, the simpler the process could be made the better, and running the sing 
into water seemed to him as simple a thing as they could possibly have. Running 
it into a deep well of water and simply moving it by a Jacob’s ladder seemed to him 
to do all they required. 

B&JkO a&ABS. At the Leeds meeting of the Iron and Steel Institute Inst year 
(1876), Mr. Basklst Bbittbk introduced his novel system of making glass f^m blast- 
fhrnace slag. Mr. Brittbr proposed to ttike the molten slug in a ladle from the blast 
furnace and to pour it into a Siemekb fbrnace, where certain additions of carbonate 
of soda and silica were added according to the quality of the slag used and the glass 
to be produced. We learn from Mr. Bbitthr that the extensive experiments which 
have been carried on during the years 1876-7 have proved perfectly successful, and 
that under the title of ' BBimof ’s Patbrt Glass CoMPAmr,’ for which Mr. Hbbbbrt 
Oawrtno is the secretary, large works are being built at Finedon, in Northampton- 
shire, where in a few months they will be ready to manufacture large quantity of 
glass bottles. 

SXAO WOO& or aZUOATS OOTTOW. The manufacture of slag wool, or. 
as it is sometimes called, silicate ootton, from its great cesemblanoa to cotton wooL 
VoL. IV. 8 G 
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hM often been attempted in England, but only with rartial enccees. Mr. Edwibd 
Parrt made a laige quantity of it in Wales, although, in consequence of the 
injunous effect upon the men, it had to be abandoned. The manufacture is now 
carried on at the Tees Ironworks, and Mr. Wood says he can safely assert without 
the slightest inconvenience, either to the men in the yard, or even to the man who 
makes it. The process is extremely simple — a jet of steam is made to strike upon 
the stream of molten slag as it falls from the usual runner into the slag bogies or 
waggons. This jet scatters the molten sla^ into shot, and as each shot leaves the 
stream it carries a fine thread or tail with it; the shot, being heavy, drops into the 
ground, whilst the fine woolly fibre is sucked into a lar^j^e tube and discharged into a 
chamber. This chamber is very large, and is covered witli fine wire netting or sieve 
wire. The steam and air cany the woolly particles nil over the chamber — the finest 
into recesses shown in the diagram {Jig. 2633) ; the heavier into the body of the chamber. 

i 2633 



After each blowing it is selected and taken np with forks, and . put into large casks 
or bags for shipment or otherwise. The inside of the chamber represents a most re- 
markable and eurioiu spectacle after each blowing. The slag wool is of a snowy-white 
appearance, and this, hanging all about the inside of the chamber, reminds one of the 
old and familiar words— 

Groat flakes of snow, 

Like fleecy wool. 

Slag wool, or silicate cotton, is chiefly employed to cover steam boilers, pipes, dec. 
Messrs. Joms, Dads, and Go., of Ijondon, are the solo agents for its sale, and they 
have taken out one or two patents for its application. The most noteworthy of these 
is what they term mattresses, some of which they have kindly forwarded ibr inspec- 
tion. These are about two to three feet long, and a foot wide, by two and a half 
inches thick. The mattresses are laid upon the boiler or pipes to be covered, and are 
seemed in the usual way. Its perfect incombustibility, combined with its non-con- 
ducting and indestructible properties, give this material many advantages over any 

other ror this dass of work. 

nMMf BUtfV-nnUTAOa OaiCaVT. The following desoriptioB of this 
cement is given by J. J. Bodmer in the TranaaoHons (tf the Am&noan hutitute of 
Mining Engineers 

* Although the similarity between puzzolana, or trass, and blast-furnace slag, as 
•sen by eomparison of the anslyses, is a well-known fact, blast-fhrnace ifiag has not 
bera used commercially ae a eubeiitute for those cementing materials. The reason. 
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th 0 writer ftpprcbeiidi, liei in tho fact that nnlen such slag is disintegrated or snb- 
dmdsd hj rolls, the process must either be too costly, or the material is not in a fit 
and proper condition for the purpose. In order to produce a reliable slan eement, 
the slag must be ground together with the lime into an impalpable powder. The 
subdi^ded slag must, therefore, be perfectly dry, and, at the same time, friable, The 
stronger the hydraulic properties of the lin^e, the more reliable the elaff eement will 
be, and practice has proved that the slag fTom a ney>iron fnmace gives the best 
results. The elag eement which has given the reeulte shown in the annexed table, 
under pressure testa, was composed of six parts of slog, ^m a blast-famaee pro- 
ducing mo. 8 foundry iron, and one part of lime, of medium hvdraulic properties. 

* The above-described olase of eement bears etorin^ as long as moat Portland 
cements, and the cheapness of its production is self-emdent. It is applicable in the 
manufacture of oonorete bricks, paving blocks, roofing slates, grindstones, water* 
troughs, cisterns, and especially in the construction of sewers, and river and eea walls. 

ComparaHve Analysis — Sag Cement. 



Blait«furiUM)e Blag 

Traw 

PuENlana 

Oleralaad Dlstrlot 

Wales 

Silica . , 



36-20 

PR M 

84* 

49*60 

46- 

67*12 


Alumina . . 



26* 


24*88 

16-20 

16-42 


16- 

Lime . « 



27* 

wi *i«i 

34* 

19-70 

26*78 

2-60 


Gypsum . « 



— 

mn 

— 

— 

— 

— 

— 

Magnesia . 



9* 

7*17 

6-88 

8- 


1* 

4-70 

Protoxide of iron 



1*30 

2-05 

007 

8-82 


« 6* 

12- 

IVttash . . 



— 

— 

— 

— 

0-46 

7* 

1*40 

Soda . 



— 


— 

— 


1* 

4’ 

Sulphur , 4 



0*40 

0 66 

1-72 

1-29 


— 


Water 






— 

— 

9-40 

0*20 

Protoxide of manganese 


H 

H 

— 

— 

6*64 




The following are the results of some of the teats of slag cement as compared with 
Portland cements: — 


Flgune taken tram Bxperlraentii made on the 
atrength of Portland Oomeiits hy ICr*. John 
Gtiant, M.B C.B. 

Blag Cement Experiments made by J. J. 
Bodmkr, 1 part by Weight of Lime, with 

7 parts of Blag. <- 

Weight of Cement 
per Bushel. 

Lb. 

Age after 
Ganging 

Tensile strain BUS* 

talned ^ 1 sq, in. 

Xge after Ganging 

Tensile Strain per 

1 sq. in. 

106-7 

7 days 

167*6 



107-6 

7 „ 

156-66 



111-76 

7 „ 

201-63 



114-16 

7 „ 

260*78 

7 daye 

271*22 

119 04 

7 „ 

248*03 



119-07 

7 




121-0 

7 „ 

409-77 



— 

14 „ 

472*26 



— 

28 „ 

499-61 

1 month 

472*18 

— 

2 months 

622*44 




8 „ 

668*62 




The great secret of preventing smoke is to sneur| 
a careful stoker. In Cornwall this has been done, and the following eyetem is carried 
out with great success. The Are under the boiler is in a state of activity, a good ^ 
Burfloce extending to the end of the Are bare. New coal, if thrown in over thifi 
would immediately give out a great volume of smoke, and reduce the heat of the ^ t 
but if it be thrown In front of the fire, the black smoke which slowlp escape! paiNI 
over the heated fuel and is regularly consumed, increasing thus the hsat of llw |||. 

3 o 2 ^ 
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SOAP 


Nearly all the amoke-eonenming axTangomente are baaed upon the principle that 
freah air moat be admitted to the fireplace at that point where amoke begina to form. 
Then the carbon, meeting with a freah supply of oxygon, is speedily consumed, and 
passes oft as carbonic acid. See description of several * Smolu Consumers,’ Suoxa, 
vol. iii. p. 841. 

•OA9. (Vol. iii. p. 843.) The following notes on the manufacture of soap are 
by Chablbs T. Kinqzrtt, and are published in his book on The Alkali Trade. It 
summarises the facta already stated in the former article in rol. iii., and gives two A 
three statements of interest : — 

* Soaps are known as hard, soft, or silicated. Hard soaps result from the uso of 
soda, while soft soaps are produced by using potash ; of silicated soaps wo shall have 
more to say anon. 

* Sard soaps are manufactured from tallow, palm oil, cocoa-nut oil, resin, &;c., by 
saponification with caustic soda. 

* It will be well here to point but tliat the consistence of a neutral fat depends 
upon the predominance of olein or stearin, the first of those radicals being liquid and 
the second solid. 

*The pans in which the saponification is effected vary in size, some being 15 ft. in 
diameter and 16 ft. deep, capable of yielding 25 to 30 tons of finished soap in one 
operation. They are constructed of wrought-iron plates, which are riveted together 
and heated, either by a steam pipe immersed in the contents, or by a steam jacket, or 
by fire. The manufacturer charges his pan with neutral fat or oil, and adds caustic 
lye of 1*06 specific gravity, boils and stirs. This produces a milky emulsion, to which 
ifl added fresh quantities of soda lye, each portion being atrongor than the preceding 
one, until there is free alkali present. These processes are repeated iir^til the pan is 
filled, but finally the alkali must not be in excess. 

^ * Common salt is now added in the proportion of 10 lb. to oveiy 100 lb. of fatty 

* matter used, with the view of salting out (or rendering insoluble) the soap produced, 
which thereupon floats in granules. 

* The spent lye is next drawn off and discharged, while the soapy mass is boiled 
with fresh weak lyes. This operation gives a homogeneous mixture, whicli is allowed 
to remain quiescent for a few hours, after which it is solidified in rectangular frames 
of cast-iron plates, and after four to five days, when hardened, it is cut by wires into 
slabs or bars. 

* Soft soaps are made chiefly from whale, seal, and linseed oils, tallow and resin in 
this country, while on the Continent, hemp, linseed and poppy oils (drying oils), rape 
and train oils, are largely employed. 

* These are saponified by potash lyes until a streaky appearance is observed, after 
which the product is clarified by stronger lyes, till ;t presents itself as a transparent 
slime ; much of the water is evaporated off, and the boiling continued, meanwhile stir- 
ring with sticks until it “ talks.’’ It is then packed in casks as a deliquescent paste. 

‘ Soap from resin is obtained both as hard and soft, according to the process 
employed. Resin itself is a mixture of pinic and sylvic acids, togetlier with colophonic 
acid ; these are highly oxidised products of turpentine, and considerable quantities 
are obtained os a residue in the distillation of turpentine. 

* The resin is first purified and decolorised by distillation in a current of steam, 
after which it may be used alone, or mixed with fats. The production of soap from 
resin is easily explained, resin soaps being simply the alkaline salts of the acids 
contained in resin. These acids are capable of decomposing sodic carbonate. In 
short, a soap may be said to be commercially a body which, on treatment with waier^ 
V^ates alkali. This is effected with ordinary soaps as follows : — The water decom- 
poses the neutral sodic or potassic salt into free alkali and acid salt, which latter, 
Ming insoluble, is precipitated os *’ suds,” while the alkali f^s into solution, and, by 
its action upon fetty impurities, effects the cleansi^ which is desired. This is not at 
all difficult to comprehend, if it be borne in mind that soap is a polybasic salt, 
capable of resolution into a less basic or more acid salt, and free base. 

* Soap from Yolk of Eggs, — ^Bichabbsoit and Watt state that in the print-works 
of Alsace there are consumed annually 125,000 kilograms of dzy albumen, ond one 
kilogram requires the whites of 288 eggs. The yolks are now used for soap-making. 
To understand the production of soap from the yolk of eggs, we must ham into its 
chemistiT. 

* Besides the olein contained in the free state, there is present a body called leci- 
thins, of formula C**H'*NPO*. Goblby, Diakonow, Stbbckbb, TBunxesfiK and 
KnroiiRT have studied this substance, and express its chemolysis as follows: — 


Olyoerophosphorio Okie Palmltio 

liSaltkine Water Add Clilorine Add Acid 

0«H« NPO»-3H»0-C»H*PO« + C“H»»NO».k C'»JI**0* + 0'*H**0 
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That is to say, baaea have tho power, bjr abstracting water, to split up leolthino into, 
among other products, olotc and maigario acid. So that when eges are used fur soap- 
making, tiiis process actually occurs, the soda or potash employed being suAciont to 
effect uie necessary decomposition, and the resulting soap being therefore the product 
ft'om not only the olein but from the fatty acids so formra. 

* Mottled Boape are produced spontaneously, or by adding to the nearly finished soap 
crude soda liquor containinjB; sulphide, through a watering spout. On descending 
through the pasty mass any iron present is seised and precipitated in veins, thus pre- 
senting in the soap the appearance of marble. Or, instead of this proceeding, a slight 
addition of Prussian blue is made to the soap. In Franco, sulphate of iron is added 
during the boiling, by which means ferrous oxide is first formed, and this rapidly 
pcroxidises and gives rise to the mottled character in a groat degree. Mottling 
IS simply a trade practice, and serves no useful purpose. 

^Hard eoapa, when genuine, have the following composition: — In tho case of 
mottled soap, 20 per cent, water ; in white, equal 25 per cent ; and in yellow, 30 per 
cent., together wi&i 8 to 9 per cent alkaline bases, and 60 to 70 per cent, of fat acids. 
(UiCHAUDSoN and Watt.) 

* St>ft Boap is generally used for <*Mling" and for cleansing and scouring woollen 
etufifs. It has a composition which is expremed by the following analyses given by 
KicuABDSOir oud Watt 

1 9 


Fat acid 

• • 

. 500 

40'0 

Fotash . 

s • • 

. 11-5 

96 

Water . 

. 

. 38 6 

50-5 



1000 

1000 


* SUu'ated Soaps. - Wo have remarked that, commercially, a soap is not nocessarily 
tliQ alkaline salt of a fatty acid, but a salt of an alkaline base, giving ^ith water free 
alkali. We may therefore in the future look forward to the extension of the soap 
trade in fi'osh directions, as chemical laws may dictate. Already the manufacture of 
silicated soap, in the hands of Mr. Gosbaok’ has assumed a most important ma^itude. 

* iSilicate of soda (or soluble glass) is known, like soap, to hold its alkali in but 
feeble combination, and, in fact, possesses considerable detergent power. When 
mired with ordinary soap, it forms a mixed soap of greatly reduced price, and which 
is very useful both for domestic and manufacturing purposes, 

* For hard soap, Mr, Gossage melts in a reverberatory furnace nine parts of soda- 
ash, containing 5U percent, caustic soda, with eleven parts of clean sand; and for soft 
soap, equal weights of carbonate of potash and sand. These products are dissolved 
by Huitabh’ processes and mixed mechanically with soap paste, forming the so-caUod 
silicated soaps. 

*Mr Whitblaw says, if tallow, oil and resin, the matters commonly used in making 
soap, are heated with excess of common salt, ammonia, and water, a so^-soap 
separatee, leaving in the liquid chloride of ammonium along with excess of free 
ammonia and salt. 

* At first the ammonia combines with the fatty acids, then the sodium contained in 
the salt takes the place of tho ammonia in the soap. An excess of ammonia and soap 
is essential; 100 parts of tallow require from 16 to 20 parts of ammonia, 20 to 30 
parts of salt, and 200 to 800 parts of water.— {GAmiscAsra Omtralblati.) La Mondes, 
jRevite Bebdomadaire dee Sciences, August 17, 1876. 

* Thus far wo have attempted to indicate the steps in the processes of soap-making, 
but the chapter is necessarily little more than an indication of the various plans and 
processes now in use. In conclusion, we give here some statistics relative to the soap 
trade: — 

* In the year in which the duty on soap was abolished (1652), the total production 
of soap in Great Britain was ^ual to 1,600 tons per week, less than one-half of 
which was produced in Lancashire” (Gossagb.) In 1860 do less than 9,749 tons were 
exported, but the export trade has fallen off since. In the year 1870 the production 
of soap in the Lancashire district alone amounted to the total production of 1852 ; 
therefore, to 1870 it had increased 50 per cent. (GossAOBy 

We hare endearoured in vain to obtain any reliable infonnation as to the present 
manufacture of soap. Several of the more important manufacturers assure us that 
no xetum from the soap-boilers (the Directory informs us that there ore 77 soap 
makers in London only) could be relied on. 

Our experts of soap of British manufacture in the years 1875 and 1876, as given 
in the * Annual Statement of the Trade of the United Kingdom,’ oompil^ in the 
Custom House, were as follows 
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1875 

1876 


Cwt. 

Yfllae 

Cwt. 

Value 



« 


£ 

To Spain and Canaries , 

6,640 

10,370 

7,321 



Italy 

12,688 



Java 

31,663 

20.964 


16 243 

China 

16,662 

14,428 

21,411 

19,869 

Central America . 

6.699 

7.358 

— 

— 

Foreign West Indies . 

— 

— 

6,196 

6,913 

Gibraltar .... 

10,612 

11,872 

10,911 

21,709 

British Possessions in South I 
Africa . . . <./ 

British India : 

46,610 

63,999 

32,389 

37,060 

Bombay and Scinde . 

6,564 

10,488 

7,089 

11,268 

Bengal and Burmah . 

4.396 

0,946 

6,167 

7,328 

10,020 

Hong Kong 

3,400 

4,436 

6,452 

6,221 

Australia .... 

9,632 

4,266 

9,804 

British North America 

6,822 

7,716 

6,722 

9,553 

British West India Islands'! 
and British Guiana . . / 

67.736 

63,596 

69,178 

66.309 

other Countries . 

43,804 

66,606 

60,270 

74,639 

Total 

261.012 

310,511 

264, 86r 

313, 20S 


* BOAFf AVAATBIB OF« Tlie following useful remarks on the analysis of soap 
are from the Oumical News of January 6, 1877 » a communication from the Laboni- 
tory, Owens’ College, December 1976, by C. F. C. : — 

* Weighing. — In all methods usually given in text-books, the analyst is directed t>o 
weigh out for each operation small portions (1 to 5 grams) of the sample. Tills plan 
is to bo avoided, and for two reasons : — 

* 1. Soap is extremely variable in composition, and considerable variations are 
possible even in the same sample. 

* 2. It is perpetually losing water by evaporation from its surface. As the soap is 
usually weighed in the form of thin shavings, the surface exposed is, in relation to 
the weight taken, veiy considerable. 

* These two sources of inaceuia <7 are obvisted by weighing out for the analysis a 
section cut trough the bar at right angles to its length (60 to 80 grams), dissolving 
in distilled water, and making the volume i^> to 1,000 c.c. (in the cold); 60 c.c. of 
this solution are measured (m for this operation. It should be observed that, as 
some of the alkaline salts of the fatty acids separate out from the solution, on cooling 
it should be weU mixed, by agitation, previously to drawing off each 60 c.c. The 
several operations are conduct^ as follows : — 

* 1. Total Alkali. — 60 o.o. of the solution are diluted to about 200 c.c., the liquid is 
coloured faintly with eosine, and standard acid is run in, taking care to stir briskly 
with a glass rod. Ihe neutral point is extremely well marked by the sudden 
decolorisation of the whole. The cause of this apparent destruction of colour is the 
anion of the fatty acids with the eosine at the moment of the complete separation 
from the fluid. 

* 2. UneombvMd Alkali.^60 c.c. are added to 300 c.c. of a saturated solution of 
common salt, which must be of course neutral to test-paper, and the volume made up 
to 400 c.e. T)^ neutral alkaline salts of the fatty adds (i. 0 . true soap) are precipi- 
tated ; any excess of alkali present remains in solution : this is determined in an 
aliquot part of the filtered solutioa. The filter must not be moistened previous to 
filtration. From this the total unoombined alkali is calculated, and subtracted from 
the total alkali already Ibund. Then the oombined and uneombimd alkali ore det^ 
mined. 

* 3. Fattg Acidt.^kO c.c. of this solution are introduced into a stoppered separating 
funnel, decomposed with excess of acid, and adtated with carbon disulphide until the 
liberated fatty acids are dissolved. The disulphide solution of the fats is drawn oft 
into a tarr^ fiosk ; the aqueous solution is washed once or twice with small portiona 
of disulphide, the wh^e or which is then separated from the fats distillation. The 
fats are purified from the lort traces of OS* by heating the flask for a short time at 

0 . ; the weight after cooling, less the tare, gi^f^o the weight of Che fatty acids. 














SODA 


823 


Ordinary othar may l>e used in place of the OS'; it has, however, the disadvantage of 
rotainiug small quantities of water, and, therefore, aqueous acids, which must be 
driven off at the end of the operation by exposing to a temperature of 100^ to 120^ 0., 
until the weight is constant. Further, the ethereal solution will be the upper stratum, 
and is, foi* obvious reasons, not so easily to be manipulated as the bisulphide solution 
which forms the lower layer. 

* Note. ‘~~A moment’s consideration of the following equation, representing the decom- 
position of sodic oleate by HGl, 

2 O + 2H0I-aN»0U2 

will make it evident that while the fatty acid is present in the soap in the form of 
anhydride, it is separated and weighed in the ooureo of analvsis as hydrate. A 
correction must, therefore, be applied, based upon the fhet that 282 parts oleic 
hydrate = 273 parts oleic anhydride, i.s. the weight of the fiitty acids is to be mnlti 
plied by the decimal fraction 0‘07. 

‘ In the case of the ” olein ” soaps of commerce, a very rapid and tolerably accurate 
estimation may bo mat^e in the following way : — 60 e.e. of the solution are decomposed 
with HGl in a small flask, the neck of which is long and narrow, and graduated in 
C.C., and so much water added that, upon heating in the water bath, the separated oil 
will rise into the nock and fall entirely within the graduated portion. The heating 
must bo continued, with occasional tapping of the flask, until the whole of the fat has 
been separated, and has risen into the neclL The flask is allowed tp cool, and when 
cool the volume of the oil is road off. This quantity, multiplied by the specific gravity 
of the oil, givos its weight. The specific gravity (which 1 have almost always found 
to be 0*9), may bo determined by pouring off a small (][uantity into a caiwule fa second 
reading will give the volume token), and weighing it. The weight di video by the 
volume is the required specific gravity. 

* 4. Water. — If the purity of the sample has been aseertainod, this constituent may 
bo calculated by difference. The direct estimation is effected by evaporatiug 60 c.c. 
of the solution to dryness on the water-bath (finally in the air-bath from 100® to 
120® C.), in a weighed dish. The residue is anhydrous sow; from its weight the 
percentage of water in the soap may readily be calculated. It may be observed that 
the usual method, whicii consists in the exposure of the soap, previously out into thin 
shavings and weighed, to the temperature of boiling water until it ceases to lose 
weight, is inaccurate, as it fails to drive off the last portions of water (1 to 2 per 
cent.), which seem to have contracted a stronger union with the soap. 

* 6. Mineral impurities and uneaj^ified fat may be detected by taking the dried 
soap from the preceding operation, dissolving in strong alcohol, and filtering through 
a funnel heated by means of a jacket of hot water. Mineral impufitiee remain upon 
the filter as an insoluble residue, the weight of which is readily ascertained. The 
alcoholic filtrate is evaporated with succrasivo additions of distilled water; by these 
moans any unsapoiiiflod fut or resin is se^mrated from the soap, which, of course, 
remains in oi^ueous solution. This solution may be used for 1, 2, or 8. The 
mineral impurities may be examined qualitatTvoly after drying and weighing.’ 

■OAV FOBS. The pods of several species of the Bapan tree, commonly 
employed by the Chinese as a substitute for soap. 

SOBA. The following remarks ore by Mr. C. T. Kucozftt in his work on the 
alkali trade : — 


Soda in various forms occurs in nature very widely and abundantly. As sesqui- 
carbonate, 2Na'0,3G0' + 8Aq, it forms the deposits known as ‘ IVona ’ and * Urao,’ 
left by the drying up of soda lakes. As a mineral, in combination with carbonate of 
calcium, it constitutes Qay-Lussite, Na'CC-t- CaOO* + fiH'O. Its occurrence as chlo 
ride (salt) will be further alluded to presently. But it was from marine plants that 
our early supply was derived ; such plants ns salsola, triglochia, salicomia, atriplex, 
all yield sodium carbonate on incineration. Sea plants as a rule, however, compared 
with land plants, contain less soda and more potash. Sea weeds contain or yieldfrom 
A to 86 per cent, of ash calculated on the weed, dry at 100® C., and in this ash the 
potash ranges from 4 to 24 per cent, and the soda firom 2 to 24 per cent. The follow- 
ing information, as likewise some wUoh has gone before, is taken from BzcnABDSoir 
and Watt's Technology \ — 

100 parts ash from salsola clavifcdia . . • gave 46'00 per cent. Ka'GO' 

„ „ salsola soda . . . m dO'96 ,i „ 

„ „ halmiocucmum capsicum . ti 80*75 „ n 

„ „ salsola kali . . . . » 3^*00 „ „ 

„ „ kochia sedoides . . . u 30*84 „ „ 

„ „ salsola brachiata . . . n 26*26 „ • 
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Previous to the year 1793, soda was obtained exclusively from the ashes of marine 
plants, the chief quantities being derived from Alicante in Spain, Sicily, Teneriffe, 
and the coasts of dreut Britain. Bussian and American potashes were also largely 
imported. In fact, so largo had grown this importation, that during our dispute wi£ 
America a oonsidorablo (quantity of saltpetre was consumed in Great Britain to furnish 
alkali, by heating it with charcoal or other carbonaceous matter (Pabxibs’s CAm. 
Essays), The pearlashes were prepared from potashes by calcination, whereby sulphur 
and carbon were burnt away, tlie product being employed for the nicer purposes. 
These potashes were prepared from the ashes of burnt wood. In the middle of the 
lost century the Russian product was far superior to the American. 

The plants above described furnished the soda of Alicante and Carthamna, or (as 
it was commonly known) * Barilla,* and were sown as seeds in the end of the year and 
gathered in the following Soptombor. So highly was the product valued and the im- 
portance of the trade regard^, that by the laws of Spain the exportation of the seed 
was an ofiTeuco punishable by death. The plants were mowed down, sun-dried, and 
burnt on iron bars, over pits 3 ft. deep by 4 ft. square. The ashes fell into the pit, 
on the floor of which they formed a somi-vitrified mass, which was allowed to cool, 
then broken into pieces, and in this state formed the commercial article barilla, tho 
bes^ualities ,>f which contained about 40 per cent, carbonate of soda. 

' Kelp* was another commercial soda, and its manufacture on our shores (Wales, 
Scotland, and Ireland) was introduced from Ireland by MacLkod in 1730 to the 
Highlands of Scotland. It is said that Lord Macuom^ld of the Isles realised 10,000/. 
a year from his kelp shores alone. British kelp was inferior to the S|)auish 'barilla,' 
seeing it contained more potash, neutral salts, and carbonaceous matter. Those 
rough alkalies were bruised and mixed with quicklime and lixiviated, to furnish the 
lyes used by soap-makers. They also furnished the supply for the )^jiauufacture of 
glass. According to Uichaudson and Watt’s Technology^ kelp is still produced for 
making iodine and potash salts, while the mother liquors are boiled down to dryness, 
and yield ‘kelp salts' containing from 7 to 14 per cent, of alkali, which are sold to 
the soda makora In 1884 there were importeu 12,000 tons barilla; in 1850 there 
were imported 34,880 cwt. bariUa ; in 1866 there were imported 54,608 cwt. barilla. 
Scotland alone produced at one time 25,000 tons of ' kelp ’ annually, so that we did 
not depend on the Spanish product so much as other countries. 

Of late years it has not been possible to obtain the (quantity of soda obtained from 
these Bouroea, and it is much to be regretted that the importation of these articles is 
no longer given in tho Board of Trade returns. 

•OBAXiZTB. See Lava, for a report by the Rev. Sawubl llAnoHTOir and Pro- 
fessor Hull on the Microscopic Lavas of Vesuvius. In these traces only of sodalite 
are found. 

80 BA irXTBATS. Masiawo db Rrv in 1821 first announced the existence of 
beds of nitrate of soda in South America. 

The natural substance caliche occurs in irregular masses, alternating with borate 
of lime and common salt, at a height of 1,000 metres. 

At Taiapaca, Peru, these beds exist, and they have been discovered in Bolivia— in 
the south those of Autofagasta, and in the north those of the basin of the Loa. Throe 
samples from the basin of the Loa gave: — 



I. 

IZ. 

UI. 

Nitrate of sodium . 

61*60 

49*06 

18*60 

Sulphate of sodium . . • 

8*99 

9*02 

16*64 

Chloride of sodium . 

22*08 

28*96 

83*80 

Chloride of potassium . 

8*66 

467 

2*44 

Chloride of magnesium . 

0*48 

1*26 

1*62 

Carbonate of lime . 

0*13 

0*16 

0*09 

Silica and oxide of iron . 

0*90 

2*20 

8*00 

Iodide of sodium « 

— 

traces 


Insolnble matter . 

6*00 

8*18 

■SB 


The mineral, after being crashed and powdered, is purified by solution, and thus a 
commercial article obtains containing ^m 05 to 06 per cent of pore nitrate of 
soda. — M. V. L. Olitibr. Chmptes Bsndus, IzzzL 
There are 181 establishments in Peru, which prodnoe about 800,000 tons a year. 
The importation into France in the first eight months of 1876 was 44|840 tons. 

Our importations of cubic nitre were in 1871 : — 
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Owt. y«Iaa 

FromPeni 2,979.876 ^1,793.110 

Bolivia .... 811.964 181.912 

„ Chili 28.160 12,790 

„ other Oountiies . . . 1.027 614 


Total. . . 8,816.027 1,988.426 


Board of JVad4 Betumt, 

■ODXUM, MirmATS or. The oative nitrate analpreed bj Dr. A. VoBncxKB 
in 1876 averaged 96-96 per cent, of pure nitrate.— iTbumtM of tho Royal AgriouUwral 
Society ^ 1876 . 

BODXUM OUUBXBB. EiTNBR recommends the following as the best mode 
of projwiring it ; — 

Three kilos, of lime are placed in an iron vessel and slacked ; after this 65 litres of 
M^ator and G litres of crystallised soda aro added, and the mixture heated and agitated. 
As soon as the boiling commences 1 kilo, of flowers of sulphur is gradually added, and 
the whole boiled until the liquid assumes a deep golden yellow colour and shows no 
lumps of sulphur. 

This sulphide is used in tanning leather. See TAmnwa. 

■OXiAB awozara. M. Mouchot's. From time to time attention has been 
directed to the invention of methods for utilising solar heat, but bitWto a smitll 
amount of success has been the reward uf much ingenuity. Of late M. Mouokot has 
made some experiments which have boon, so far as they were carried, fairly promising, 
'J'he principles on which the apparatus is based are well known, and we need only, 
thoreforo, describe the engine, which consists of three parts, viz., the metallic mirror, 
the blackened boiler, tlie axis of which coincides with that of the mirror, and a 
envelope permiltiug the sun’s rays to reach the boiler, but preventing their return. 
The ratio of the heat utilised with the surface thus isolated, increases with the extent 
of this surface. The mirror has the form of a truncated cone, with parallel bases, 
and the generating line makes an angle of 46*^ with the axis of the cone. This is the 
best form that can be adopted, because the incident rays striking parallel to the axis, 
are reflected normally to this axis, and give a heat area of maximum intensity for a 
given opening of mirror. The reflectors are fumiod of 12 silvered sectors (J!y. 2634). 
]•'. carried by an iron frame, in the grooves of which they slide. The diameter of the 
mirror is 112*3 in. at the top and 39*3 in. at the bottom, giving an effective reflecting 
area of about 40 square feet. The bottom of the mirror ie formed of a cast-iron 
disc, o, to add weight to the apparatus. Inr the centre of this disc is placed the 
boiler, n, the height of which is equal to that of the mirror. It is of copper, nlackened 
on the outside, and is formed of two conceutric bell-shaped envelopes, b and B, con- 
nected at thoir base by a wrought-iron ring. The larger envelope » 31*6 in. high, 

2634 



and the smaller 19*68 in. ; their respective diameters are 11*02 in, and 8*66 in. The 
water is introduced between these two envelopes, so that it forma a eylindar 1*18 in. 
thick. N and i represent the connection -with a toothed wheel moving upon its asiA 
BG, by which the instrument is kept imnstantlv facing the ran. The water in the 
boiler of thia ingenious arrangement ia rapidly hea^ and converted into steam* 
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which b«jing conveyed through the tube to the piston of an engine, may be U¥ed for 
many poxpoees. 

On the Apptimtum of Solar ^eat ae a Motor Faroe is the title of a paper wliich 
appeared in PoQGBNDoaiys Jovmal, The following translation was pnnted in ^e 
English Mechanic, from which we borrow it : — 

* That the heat of the sun may be transformed into mechanical force no one can 
doubt, for we see daily what masses of water solar heat raises into the air, to be a^n 
precipitated to the earth, and we know what an enormous mechanical force is here 
represented. Further, we know that solar heat is the cause of motions of the atmo- 
sphere, that plants under its influence ibrm out of the carbonic acid of the air an 
organic substance richer in carbon ; that plants which grow in earlier times under the 
influence of sun-heat were transformed into coal and peat, whose combustion now 
yields heat to drive our engines, which is simply the solar heat returned. 

* But while solar heat is the cause of nearly all mechanical force developed on the 
earth, we have yet hitherto knpwn of no moans whereby it may be directly utilised 
for mechanical work. It has been proposed, indeed, to employ solar heat, concen- 
trated by lenses or mirrors, for driving a steam or caloric machine. These machines, 
however, are not suited for this, as they involve too great a waste of heat. Moreover, 
in concentration a large quantity of heat must be lost. These circumstances, as also 
the fact that the concentrating apparatus must always be moved according to the 
motion of the sun, have render^ such machines impracticable. Sun machines must 
be so arranged that the solar heat absorbed by a given surface may, without too great 
waste of heat, be directly transformed into mechanical work. We propose to inquire 
how such a machine may be had. 

‘It is known that the arrangement of machines which serve for the transformation 
of heat into mechanical work rests on the principle that a liquid or’^^iseous substance 
acted on by the heat undergoes a molecular change, through which a certain mecha- 
nical force is developed. The changes of solid bodies under influence of heat are too 
small for transformation of the heat into mechanical work, or to render them means 
of movement, although through such molecular change a certain mechanical force is 
developed. Gaseous bodies have been applied as means of movement in the caloric 
and gas machines ; but with the small differences of temperature which occur in some 
machines they cannot be employed as such with advantage. Thus nothing remains 
but to employ a liquid, and it must be one whose boiling-point is very low. We know 
that the great expenditure of heat in steam-engines is due in great part to the high 
boiling-point of water. The higher steam-pressure we have in the boiler tlie greater 
is the quantity of heat transformed into mechanical work. Hence, if we had a liquid 
which at ordinary temperature behaved like water at a high temperaturo, this liquid 
would be a suitable moans of motion for a suii machine. There are several such 
liquids, e.g. sulphurous acid, methylic chloride, methylic ether, &c. Of all these 
sulphurous acid best deserves attention, as it has several useful properties fur the end 
in view. It is not too difficult to condense, and it can be got at a moderate price. 
The keeping of it presents no difficulties, and it may quite well be put in ordinary 
steam-boilers. Now wo have got the principle on whicli we must construct our sun- 
machine. Conceive a vessel filled with sulphurous acid exposed to the sun’s rays ; 
the tension of the sulphurous acid vapour, if the temperaturo of this vessel exceeds 
that of the surrounding air by at least 10° to 20°, must be from 1 to 3 atmospheres 
higher than that of the sulphurous acid vapour in another vessel b, similarly filled 
with sulphurous acid, but which has only the temperature of the surrounding air. 
We can thus arrange an engine which agrees in principle with the steam-engine with 
merely this difference, that the water is replaced by sulphurous acid and the fuel by 
the solar heat ; while the vessel exposed to the sun’s rays represents the steam-boiler, 
the vessel kept at ordinary temperature may represent the condenser. The sul- 
phurous acid condensed, after doing work in vessel b, could easily be driven back by 
a force-pump into the boiler representing vessel a. The capability of work of such a 
machine must naturallv increase with the amount of heat communicated to vessel a, 
or be proportional to the surface exposed to the solar rays. 

‘ If DOW we conceive a factory or shop, the roof of which is covered with vessels eon- 
taining sulphuric acid, and which is furnished with a sun-machine made on the above 
principle, such a machine might indeed work while there was sunshine ; but in default 
of this the establishment would be brought to a standstill. True, the solar heat 
might be replaced bv the heat of the air, if the temperature of the air were pretty 
high and one had at hand a cooling substance like ice. But as this is not always the 
case, the establishment should have besides the sun-machine an apparatus whidi 
might “ store up " some of the work done by this. As such, NATTnnmrs apparatus fw> 
condensing carbonic acid might with great advantage be used. If a supply of carbonic 
acid were kept in a large gasometer, like those in ordinary gasworks, the Nattbrub 



SPOKGB 


827 


appAratQS might be fed from this. In a wrought-iron Tenel thus filled with liquid 
curbonic add, we ehould thus have an enormous store of mechanical force, which 
might be to replace the action of solar heat in tte sun-machiiie, partially or 
i^holly. After work done the earbonie add, become gi^as again, might be collected 
in the gasometer. Or again, the sun-machine while in action might drive an ice- 
machine, and might, in defiiult of sundiine, profit by the iee it had produced for 
maintenance of its working. 

* We thus see that fbom the ]^resent standmint of science it is possible to construct 
a oonstaiitly working snn-maclune.' — G. A. Bbikih : PoooBNoourp’s Annalm. 

The use of ammonia vapour for the production of power has been advocated by 
Fouoault, and one form of the apparatus devised is to be run by the heat of the solar 
rays. See Ammonia as a Motivb Powbr. 

M. Salicis says his experiments load him to the result that if evaporation in a 
glass boiler exposed to tho eun is slow, it becomes very active if a metallic nucleus, 
ns a phial of mercury, is placed in the centre, and thus is provided * in the midst of 
tho water a furnace ua exhauetless as the sun.' 

Another result is if an oxidisable metal, as iron, is used ns a nucleus, the pro- 
duction of oxide is ramd, and consequently the liberation of hydrogen.— 
lienduB ffebdomadaire8,^tLy 1876. 

BOMBTSmU WABB. A Japanese ware made at Mino. It is painted blue 
on white porcelain, with oxide of cobalt under the glaze. 

80BCIB1JM BBBD. A genus of grasses belonging to the tribe Andropogonea^ 
The 8. mdgate is cultivated in the South of Europe for food. This is a good feeding- 
stuff, containing 72‘44 of extractivo matter, 7‘47 albuminous matter, and 1‘19 nitr..- 
gen. — A. Voblcxbb, Journal of the Boyal AgrieuUural Society^ 1876. See Treamry oj 
Botany. 

SPBOTBUM AWAXiTflZBi applied to Iron and Steel Manifaeture. See Ibon 
and Stbbl, p. 483. 

SPBZiTBB. See Zinc. 

BPBmooOBAXiTZTB. A cobalt ore. This mineral occurs in spheroidal forms 
with roselite at Schneoliorg, Saxony. The spheroids are coarsely radiated and the 
surfaces are made up of minute rhombohedral cxystals, colour peach-red. Wimklbb's 
analysis gave — 


Gobaltous oxide . • 



. 68*80 

Lime .... 



. 1*80 

Ferric oxide 



. 8*41 

Carbonic anhydride . 



. 84*66 

Water . . . 



. 1*22 

99 94 


Dr. A. Wbisbacu, Jarhbuohfur doe Berg, jfc., 1877. 

BPBBBOSZBBBZTB. An unusually man^nosiferous variety of this mineral 
found at Felsobanya and Kapnik, Transylvania. Analysis gives — 


Carbonate of iron ...... 63*07 

Carbonate of manganese 44*36 

Carbonate of lime 1*15 

Water *76 

Alumina and silica traces 


99*34 

The chemical formula is 6FeCO* + 4MnCO*. — F. tom Sohboboxinobr, Imp. QeoU 
Inetit. Vienna, April 17, 1877. 

■PXBrBUa. See Rust. 

BPOWCia. In tho Report of Vice-Consul Jaoo on The Trade, Commerce, and 
Agriculture of the Vilayet of Syria, it appears that the total value of the sponges 
filmed from the coast of Syria is from 20,000/. to 26,000/. annually. From 260 to 800 
boats are emgoyed, manned by from 1,200 to 1.600 men, and the centres of production 
are Tripoli, Kuad, Latakia, and Batrun, on the coast of Lebanon. The boats are 
genendly hired for the season, which extends firom June to October inclusive during 
which months the temperature admits of continual exposure, the comparatiTe tran- 
quillity of the sea and the absence of winds and currents being favourable to the 
operatiouB of the divers. A good diver will sometimes earn more than 40/. a season. 
Vioe-Oonsul Jaoo says that diving is practised from a very early age up to 40 years, 
beyond which few axe able to continue the pursuit Syrian divers eon remain under 
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water from 40 to 60 seconde. They wear no dress, but are provided with an ordinary 
net round the waist, seise with both hands a large oblong white stone, to which a rope 
is attached, and plunge overbtfhrd. On arriving at the bottom the stone is deposits 
at his feet, and the man, keeping hold of the rope with one hand, grasps and tears olf 
with the other the sponges within reach, which he deposits in his net He is then, 
after signalling by a series of jerks to the rope, drawn up. The depth to which the 
diver descends varies fiom 6 to 80 ‘ brasses,’ each brass Wng equal to an ordini^ 
man's height. Two-thirds of the produce of the Syrian coast are purchased by native 
merchants, who send it to Europe for sale, and the remainder is bought on the spot 
by French agents, who visit Syria annually fur the purpose. France usnally takes 
the great bulk of the finest varieties, and tlie reddish and common sponges are sent 
to Germany and England. The revenue derived by the Government from this branch 
of industry in Syria is one-tenth of the ^luo of the produce, calculated upon the 
prices paid to the finders by t^o traders, and which is ^id in cash by the former to 
the tax farmer on the conclusihn of his sale. 

He further states that the crop in 1876 was very deficient, the deficiency being 
attributable to a fright among the fishermen by the appearance of a sea-monster, 
* alleged to have been equal in size to a small boat.' It is stated that this monster 
swallowed a man whole, but the Vice-Consul gives this tale only ‘ on the authority of 
a fellow-worker.’ Sales were made in 1876 at the following rates : — 

Piastres 

Fine sponge SAO to 660 per oke. 

Ordinary sponge . . . . lUO „ 160 „ 

Common red 26 „ 46 

The ‘ oke ’ consists of 400 drama » to 2‘84] lb. avoirdupois. 

■TAms, Elephant Ore. Mr John Pattebson has lately contrived a simple 


2535 



machine for the stamping of one and other hard substauces each os coprolites and 
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phosphates used in the manufaetare of artificial manore, and reducing materials for 
artificial stone-making. His * elephant stamps ’ consist of two or more bent levers 
connected to a crank shaft by means of semicircular springs and fiexiblo leather or 
metal connections ; whereby the travel of the stamp heads is twice that of the cranks, 
eg. 7" throw of crank yields 14" travel. The springs, when thus applied, by their 
peculiar action, store up Uie recoil after each blow and give the greater part of it out 
again to increase the force of the next blow on the revolution of the crunk abaft. In 
this machine the velocity can be varied at will and so fracture the hardest rock and 
reduce it into grains. It has neither guide-rods nor bushes, and the few working 
parte are quite away from the reach of all flashings of stuflf from the coffer. 

The stamps can bo driven by any motive power by means of a strap, and the con- 
sumption of power is reduced to a minimum by the absence of friction and the 
peculiar economy of power arising from the action of the springs. The power requi- 
site for two stamp heads of 900 lb. to 1,000 lb. each is about five or six horse-power; 
when driving the crank shaft 120 to 180 revolutions per minute, or 240 to 200 blows 
por minute, and the length of travel of each head is 12 inches. A ton of hard tin 
St uff can be stamped per hour. In fig, 2635 A is the base plate of machine ; b the 
frame of the machine ; c, a crank shaft ; i>, springs ; k, leather connections ; f, levers ; 
u, stamp heads ; n, passage for stuff ; i, coffer ; k, driving wheel ; i., pin on which 
levers rotate. 

Stamps, Pneumatic (DitBssTNO Orbs, voL ii. p. 106.) Most of the processes of 
oru dressing are based on the relative specific gruyitips of the metalliferous minerals 
und the matrix in which they occur. To effect tlieir separation it is necessary to 
reduce the ore to powder, the fineness of which varies according to the nature and 
constitution of the mineral. Hitherto nothing has been found more efficient for this 
})urpose than stamping machinery, the ordinary form of which is the old cam stamp 
used commonly in the county of Cornwall. It eonsists of heavy heads of cast-iron 
uttachod to wrought-iron square shunks or ‘lifters; ’ a projecting tappet or tongue is 
keyed on to the upper part of the lifters, gainst which the revolving cam comes into 
contact, raising the lifter and head and liberating it at a height of about 1 0 inches ; 
the heavy head falls by its own gravity and impinges a considerable blow on the ore 
in the coffer ; the crushed ore passes through the perforated grate when it is reduced 
to Its proper degree of fineness. 

2636 
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tin on, olthongh vedueed to aufflcient finenesa to paas through the grate holea, jet not 
being kept auffloientlj ngitatod, aettle to the bottom of the coflRar libd then become 
further pulverised ; ^ie oausee the formation of a considerable quanritj of * slime/ 
which is fhr from desirable and entails considerable lose in the mrthw. processes of 
dressing. The capability of these atamps is also very limited ; | of a ton of ordinary 
tin stuff per head in 24 hours is considered about the best duty they an capable of 
performing. The old form of stamps, to say the least of it, is a nido primitive 
machine, and something mon modern and effective should be looked for in these days 
of mechanical refinements. 

The pneumatic stamps have been devised and constructed capable of efficient and 
economical stamping, presenting a marked contrast to the cumbrous cam stamps. 

As early as 1856 the idea was conceived of employing an air spring or cushion in 
the working of steam hammers by Mr. Osaa, an Englishman ; since tW time many 
patents have been taken out for various designs of springs and air cushions. The 
same principle applied for statnping purposes is employed in the pneumatic stamps 
patented by W. Husbamd, of Hoyle, CornwalL 

2637 



The construction of this stamp will be readily understood by reference to the illusf ra- 
tions, 2686, 2687. The aiivoylinders, p f, are attached to the two-throw crank, c, by 
forked connecting rods, b r. The lifters, l l, with pistons, pass through the air-cylin- 
ders, and are guided above and below at o o. Oast-iron heads are attached to the lifters 
and beat on cast-iron grounds at the bottom of the coffer, x. The lifters are made of 
wrought-iron forged in one with the piston, and having a hole through the whole of 
its length, down which water flows from the drippers, d d. A water distributor, w, is 
fixed on the top of the coffer, and is supplied with water by the cistern, n, through the 
pipe, M. A tappet, t, is clamped to the lifter and works in a gauge, b ; this prevents the 
head firom wearing unequally. 

The action of &e stamps is as follows : — ^The crank being set into motion by belt 
from the engine fly-wheel, the cylinder is raised, the air it contains becomes com* 
pressed beneath tlm piston, and the lifter, with head attached, raised to the height of 
about 14 inebee. As soon as the crank turns the centre the compressed air yields 
bads the force absorbed in ite compression, and a sharp violent blow is given in the 
cotter. A stream of water flows tlmugh the hollow lifter and disehaigee just above 
the head, which serves the double purpose of keeping the piston cool and providing 
water for stamping purposes. 

These stamps are driven at about 160 blows per minute, and one head, weighing 
with the lifter 8^ cwt., will reduce from 9 to 11 tons of hard tin stuff in twenty^four 
hours. There is now (1877) at work a single head stamp weighing, with hsM and 
lifbw, 800 lb., which stamps 1 ton of auriferous quarts per hour. 

It is very portable, can be taken to pieces, carried to any part of the mine, and 
erected with ats portable engine in a short time, requiring little foundation, the largo 
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oatlay requic^ for tb» ereotion of tho old •tamps being siiTeA A small battery may 
be tt^ed for prea^ting purposes, and worked by horse or bullock power wherever it 
might be desirable to do so, the maohine being made sufficiently portable for loading 
on a bullock dny* 

‘ In mountainous eountries, where the roads are bad and transport of machinery to 
mining districts is expensive and difficult, it is of the first importance that every part 
of a machine should be as light as possible, so that it may be carried by mules. In 
the pneumatic stamps this object is easily obtained, and several have been transported 
in the above manner to gold mines in America and Africa. Several of these stampe 
have been at work in European and foreign mines. 

STABOX, XZOB. Kiee granules contain more than 80 per cent, of starch, a 
quantity much larger than that contained in any other grain used for starch manu- 
facture. Where rice can be obtained cheaply the preparation of starch from it is 
most remunerative, since the granules of rice starch are finer and have a much higher 
lustre than wheat starch. 

Bice starch manufacture is attended with some difficulty, which does not attend the 
preparation of starch from wheat or from potatoes. Toe amylum grains from rice 
are enclosed in firm cellular tissues, and are united by a smell but very resisting 
quantity of gluten, which can only be removed by alkalies or acids. 

For the preparation of rice st^h we must have clear water, free from organic 
matter and iron. Sulphate of lime and chloride of magnesium are both objectionable, 
as these salts decompose a portion of the caustic alkali employed in the proeoss, and 
caustic magnesia hinders very much the separation of the gluten starch from the fine 
starch. Caustic soda forms at pesent the only solvent used for gluten. 

Three methods are employea in rice making— the English, the Gorman, and tho 
American ; they have, however, much in (Kimmon. 

1. The rice is soak^ in caustic soda of to 2° B. for about eighteen hours, with 
constant agitation. 

2. The swollen rice is washed in clean water twice. 


3. It is ground, with addition of 1° B. soda lye, to a fine but somewhat thick liquid 
pap. This is then agitated for about five hours ; it is then pumped into large vessels 
placed on the second floor of the building. It is then diluted with an equal volume 
of water and allowed to rest for twenty minutes. By this the largest portion of the 
gluten starch and cellulose are thrown down to the bottom of the vossel. 

The liquid is drawn off by means of a syphon, and water is again added. This is 
repeated three times, a little calcined soda being added to the water. The milk ob- 
tained is passed through a sieve into large tin-plate vessels, where tho solid starch is 
deposited. 

After forty-eight hours the liquid is drawn off, the solid taken out, treated with 
water which has a slight addition of soda, and brought into the centrifugal machine. 
The above is very nearly Joicbb’s English method. HoFvxAifN (the German method 
modified) treats the thin pulp in large vessels with an equal bulk of soda lye of 1° B„ 
allows this to stand for six hours with agitation, dilutes then with another equal 
bulk of water and allows it to rest for forty minutes. The liquid is then drawn offi 
and the residue again treated with a very dilute soda ley. 

In order to obtain starch in rags, the solid is treated with water neutralised with 
diluted hydrochloric acid, and, af^ the addition of a small (quantity of nltramarine 
blue, it is drained on linen cloths placed on boxes. The solid mass is divided into 
equal large lumps, and these are placed upon porous bricks or plates of gypsum and 
put into an oven to dry, until no more moisture is seen. The temperature should be 
from 60^ to 60° C., and the damp air carefully carried off for about four days, after which 
all openings are closed and the starch heated for about two days in a temperature of 
76° 0. The residue is used for the production of an inferior starch. The yield of 
fine and secondary starch is said to be over 66 per cent. — M. Aj)).nirG, Ikuttchi /»• 
dustriB Zntun^, 1876. 

UTAMom, iriTXO. See Exflosivb CoMPOTrims. 

■TATISTlOSf MimUUlXt OF ntAVOB. At page 683 the returns for 


France give the produce of coal and iron only for the jeta 1876, and it is stated that 
these are the only returns which can be obtained.’ Since those sheets have been 
printed off 1 have received, by the courteous attention of M. £ Laxi Flbuht, the 
Minister of Mines, the Rinmi det Travaux Statistic de FAdminiairaiion des Mines, 
With this volume, which is very complete, but only for tho years 1870, 1871, and 1872, 
M. LauA FiavBT writes, informing me that the volume for 1878 to 1876 will be 
mblished early next year, and that for 1876 in 1870. These volumes record very 
folly the histqry of the mining operations carried on in France ; but the returns given 
etnse to have any commercial value, they are eo much in arrear. 

However, by order of the Minietre de Travaux Publics, there has been published in 
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the Journal Qffioidt for May 1877r the following statements relative to the coal and 
iron productions fur 1676. M. E. liAMii FLunuY informs me that those returns ' sont 
dress^ & I’aide des documents fournis par les Ing^nieurs dee Mmes.* They itire of 
coarse open to fhture correction when the retumsi which are compulsory in France, 
come to he examined in the office of the Minister of Mines ; but they are sufficiently 
exact for all practical purposes. 

It is thought advisable to give these tables and to explain the cause which leads to 
their being in this place rather than in the article M^bal Statistics, where they 
properly l&long. 


Combtistihle MineraU produced in France in 1 876. 




Frodaots of Ctolllerios 


Departments 





Total 


Anthracite 

Goal 

Lignite 




Met. Quint, of 

Mot. Quint, of 

Mot. Quint, of 

Met. Quint, of 



320 lb. 

220 lb. 

220 lb. 

220 lb. 

Ain . • * 


— 

— 

6,466 


Allier . * . 


63,600 

0,961,054 

263,152 

— 


Alpes (Bassos) 


— 


888.054 

Alpes (Hautes) • 


73,000 

— 

— 


Aid^he . • 


83,450 


7,223 


Aude . . . 


— 

— 


4,000 

Avpyron . . 


— 

7.178,569 

46.76^ 

7,224,331 

Buuches-du-Bh6ne 


— 

— 

3,621,1 C!) 

3,521.100 

Calvados 


— 

113,306 

— 


Cantal 


— 

18,198 

— 

18.198 

Cori^zo 


— 

37,737 

— 

37,737 

C6te~d Or • , 


26,000 

42,760 

— 

— 


Creuso • • 


2,160,828 

— 

Dordogne . 


— 

— 

3,690 

3,690 

I>r6me . . 


— 

— 

0,111 

0,111 

Gard . . . 


— 

16,427.438 

173,636 

16,601,074 

H4mult . . 


101,666 

2,662,766 

9,643 

2,773,974 

Is^re . 


1,123.970 

— 


1,146.270 

Loire . 


46,666 

84.717,163 

— 

34,762,739 

Loire (Haute) 


— 


— 

1,776,989 

Loiro-Inf6rieure . 


239,000 

- 

— 

289,000 

Lot 


— 


— 

12,097 

Maino-et-Iioire . 


441,293 

— 

— 


Mayenne 


947,961 

84,464 

— 

982,416 

Ni^vre . . 


— 


— 


Nord . , 


6,808,294 

27,347,467 

— 

33,166,761 

Fas-de-Calais . 


— 

33,119,892 

— 

83,119,892 

Puy-de-D6me 


187,713 

1,976,222 

— 

2,162,935 

Pyr4n4eB (Basses . 


2,000 

— 



^r4n4es (Hautes) 
Rh6ne . 



332,103 

Sa6ne (Haute) 


— 


118,640 

2,111,881 

Sa6ne>et-Loire 


1,636,226 

— 

11,684,912 

Sarthe . . . 


242,719 

— 

— 

242,719 

Savoie . 


226,690 

1,717 

— 

— 

226,690 

Savoie (Haute) . 


— 

63,117 

64.834 

Sevres (Deux) 


— 

197,043 

— 

197.043 

IVim . 


— 


— 

2,671,700 

Var • . 


38.000 


64,000 

214,000 

Vauclnse 


— 

— 

83,687 

83,037 

Vendee . . 



248,776 


248.776 

Voi^ 


— 

— 

81,055 

31,066 

Total 

• 

11,231,612 

164,964,021 

4,281,080 

170,477,61S 


This being in English tons of 2,240 lb. ■ 16,743,337. 


In the article Ibok MANUTAOTVini p. 602 will be found the iron statistics of Francs 
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fbr 1870: hATiog bm luppliad witb tb« prodnetioii of iron ind ftaol for 1678f it 
•ppenn OMimbU to pnblitn the returns for thnt year, 

fWmse, ffodue^ Bfosf ^Fumoeet in 1878. 


SepiitsMnts 


Smelted with 
Oharooal 

Smelted with a 
Mixture of 
Oharooal end 
Coke 

Smelted with 
Cool 

Totel 

Allier . 


Met. Qulntela 

Met. Qnintole 

Met. Quintole 
947.730 

Met. Qillntiae 
047.780 

Ardtche . . 


— 

— 

808,697 


Ardennes 


22,700 

— 

120,000 

142,700 

Ari4ge 

Aube . 


— 

81.720 

i77.m 

2u0,196 


1,200 

— 

— 

1.200 

Areyron 


— 

— 

297.230 

207,280 

Bouches>da«Bh6ne 


— 

— 

226.000 

226,000 

Cher . 

. 

78,180 

139,406 

118.610 

861,186 

Corse . 


48,000 

— 

— 

48.000 

C6te-d’Or . 


23.200 

— 

87,000 

110,200 

C0tes-du-I7ord 


0,800 

6,400 

— 

14.760 

Dordogne 


64,000 

80,677 

— 

— 


Doubs . 


— 

— 

80.677 

Eure . 


— 

— 

48,620 

43,620 

Gard . 


— 

— 

864,868 

864,868 

Gironde 


06,000 

— 

— 

66,000 

Ille-et-Vilaine 


10.790 


— 


Indre . 


80 970 

— 

— 

80,070 

Istre . 


0,671 

— 

211,208 . 

220,009 

Jura 




— 

207 810 

207.810 

Laadea 


162,186 

— 

— 

162,136 

Loire . 





467,896 

467,806 

Loire-Infirieure . 


8,000 


60,600 

88,600 

Lot>et-Garonne 


8.000 


120,000 


Marne 


— 


80,226 

20,226 

Marne (Haute) 


117.848 

464,977 

208,366 

841,198 

Majenne 


— 

20,608 

— 

20,008 

Meurthe'et-Moselle 


28,088 

— 

3,280,421 

8,867,909 

Meuse . 


44,100 

27,000 

106,000 

170.100 

Morbihan 


26,860 


— 

20,800 

Nord . 


— 


1,486,626 

1,466,020 

Pas-de-Calais 


— 


602,800 

609,890 

Pyr4a4es-Ori«ntales 
BhOne . 


70,074 



79,074 


— 


697,087 

697,987 

8a0ne (Haute) 


128,780 


1 

128,780 

Sa6ne-et-Loire 


— 


1,606,024 

1,000,924 

Sarthe 


... 

8,422 


6.422 

Savoie . 


2,860 



2,SS0 

Tarn'et>Garonne . 


— 

03,000 

— 

08,600 

Total 


077,268 



14.496 877 


Equal to 1,428,608 Eng^sh tons. 


The prodnetioD of merchant iron in France in 1876 ires as follows 

Jhtom charcoal .... 180,081 metrical quintals of 830 IK 

„ „ and coke . . 162,660 „ „ 

H coal (rails) , 774,801 „ „ 

O^er than rails . 6,210,826 „ „ 

7,888,718-604,700 English tons. 

The prednctioB of steel (iron and ^ates) in Itece in 1876 

From eharodi iron . 180,019 metrical quintals of 280 lb. 

M obarooil and ecke iron , 91,902 „ „ 

„ eoal or ooke « . 988,896 m w 


N n 


VoOhIF. 


1,101,867 

8H 
















STEEL, DEFINITION OF 

Produotion ^ 8ttd in B^ane$ in 1876. 



UTMAM BOZUM BlSnOBOBTS^ BT UBTO. Se^Zmo AB A DiBZM- 

OBUBTAirr; tee also Pbtboliiitii. 

■TBBBi SBTZJfZTZOM' 07 . *M. Gukimbb, in 1870, endeayoursd to settle 
the de6nition of steel, when he reseired that name for "all malleable products 
obtained from iron ores, in a state of fhsion.*’ He quotes the definition adopted by 
M. OiibKBB, that steel, -whether cast or not, is any iron, more or less pure, susceptible 
of being hardened, but which is malleable, hot or cold, so long as it has not been 
suddenly cooled ; whilst soft iron, whether cast or not, is iron which is malleable, 
hot or cold, and is not susceptible of bein^ hardened According to this definition, it 
if erident, the essential attribute of steel is its capacity for being hardened ; but, the 
author remarks, certain puddled irons may be haraened as well as certain steels, and 
also certain cast irons. 

' Again, there is the capacity for being welded, which is intimately related -with 
that of hardening ; the irons and steels which receive a temper, or hardening, possess 
little or no welding property. 

' In fine, a definition based simply on the property of tempering would cover too 
limited an area, and would exclude, fbr example, the phosphorous steels — a class of 
steel of recent ori^. 

* f^m these and other considerations, the author maintains that the essential dis- 
tinction between iron and steel mnst be based on the etmeture of the metal ; by 
which he means that homogeneity and density in virtue of which steel possesses 8 
much greater tensile strength than iron. 

' M. ThoLmAVt agreea with M. Qbxiivhb, that the name of steel should be reserved 
for the homogeneoui products obtained by fusion ; and he gives the following rimmi 
of teete of tensile reiiitanoe of iron and steel mannf^ured by Oooxauxx* of 
Seraiqg: — 

Besistsnos to 
Bnpture 


Superior fibrous iron, No. 6 
Beeel]r iron, J 

* From this statement it m 
fibrous iron. The small difw 


Per Bqnan P v Bcnen 
ICmimMn Inch 
. 40 kilos., or 26’89 tons 


16 par cent 
7-5 „ 

18*6 .. 


s4jaetive "lU 
haidiasd,Uks 


bis statement it mean that paddled steel is not much stronger than 
u The small difibnuce is due, in a nsat measure, to the diflenltv of 
perfect union of the partidec of raddled eteel^a coutingiHOy w^iicA ie 
h in intimately fosed jMueta. Hence it ie that |L rmaMAWf ttaln- 
bhe term ateel should M rastrieted to malted prooRts. Httk name of 
il might well be replaced by tiie name granular iron, or Olee^ 
steely’* indioating in thii caee that the metal is suseeptihm of being 
ke osrtaiD qualities of east stesl .'— of Stool, by A, G-BBinB ana 
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m 


It PniirMff, Amudn dt PJm. dm BmiU d$ PEmU d$LUfft, lU/aad Jm 
1876, 288-860.-%^6f<f^ qf Papin for Inrtitoto of OitU Kng<B<Mi. 

JHamaagmimU if Babb 6 haa repaotedly obaenred at the Steel 

Worka of Aninn. the diaengagement of ammonia on the rupture of certain bars of ateeL 
■ He Btatea that hard atael gave off a quantity of ammonia anffidently atronff to be 
recogniaed at aome distance. Bed litmua and turmeric paper on being applied to the 
i^acture, immediately changed colour, the former to blue and the latter to brown. If 
t^e broken aurface waa moistened, bubblea of gas were seen eacaping for a quarter of 
an hour. With softer steel the escape waa lesa manifest, but could be detected by 
test-paper. The steel made in the gas fhmace by the Simtaiira process exhibited this 
phenomena most decidedly, but it waa also recognised with BnaMaran steel . — Comptm 
Sendua, 

■rant oamOMXm See Inow (rol. ii. p. 918); Snn. (vol. iii. p. 804.) 
Snaoius Kniur, of the Obouchoff Steel Works, St. Petersburg, communicates to the 
Chemicid Netoa a paper on the ' Production of Ohromo-steeL' All matters of real 
importance in relation to the manufacture of iron and steel will be found in the 
volumes referred to above, and in the article Ibok anb SraaL, p. 461 of this volume. 
The following paper, dealing with a new combination, we transfer to our pages 
without curtailment : — 

* Most of the crucible steel is at present prepared by melting in fire-clay crucibles 
suitable mixtures of puddled steel, iron, steel or iron filings, with the addition of 
iron magnetic oxide as a fiux and ferro-manganese in order to reduce the oxides of 
iron resulting from the oxidation of the mdted metaL When hard steel — the so- 
called instrumental steel— is desired, the iron or iron filings are replaced by refined 
cast iron in the above-mentioned mixtures. The bars of puddled steel before being 
cut into pieces H in. by 1 in.) are ordinarily classified by their degree of hardness ; 
this is done by breaking them by means of a hammer. But as the puddled bars are 
never uniform in respect of the percentage of carbon, the production of a required 
percentage of carbon in cast steels is a rather difficult tasx. The following tables 
show to some extent the fluctuation of the percentage of puddled steels obtained by 
the ordinary way and by rolling the puddling blooms into bars. The combined 
carbon was determined by the Eoobbtz calorimetric method. The normal steels were 
tested by the oxidation of the carbon of steels by chromic acid, and next collecting 
the resulting carbonic acid in a potash apparatus. It must be mentioned that 
puddled stem for the pnparation of crucible east steel is always puddled with wood 
previously dried in suit^e furnaces, in order to avoid the use of coal, containing 
more or leas sulphur. The use of such fuel certainly increases the price of the sted 
blooms. 

Table qf Aaalyne of Steel Bare. 


Bets of Hard Steel Ban. 
Garbon 


Bets of Soft Steel Bars. 
Oarbon 


Bw 

"i. 

IL 

Bar 

I. 

11. 

A 

0-77 

0*68 

A 

0*18 

0*18 

B 

8*77 

0*68 

B 

0*18 

0 22 

0 

0-61 

0*81 

C 

0*22 

0*18 

D 

0-68 

0*31 

B 

0*22 

0*18 

B 

0-68 

081 

£ 

0*47 

0*18 

F 

0*79 

o*ai 

F 

0*27 

0*18 

G 

0*61 

0*68 

G 

0*47 

0*27 

H 

0*79 

0*61 

H 

0*18 

0*18 

I 

0'61 

0*61 

I 

0*47 

0*18 

J 

Mean 

0'61 

0*68 

J 

Mean 

0*28 

0*22 

near to 


^46 

near to 0 89 

0*20 


These analyses are only a few r epresentatives of analyses of such kinds of bars in my 
hands; they clearly show why the mstaHuzgist is always blind in mixing raw 
matsriHs for the preparation of cast orucible steel. iThe use of BMamn or Bmoifs- 
Mangnr steele avoidk thie difficulty very well ; theee steels are for ohsaper than 
podSUed atsels. 

* The following experiments were made in order to prepare *eolid steel without 
Ucw-faoleB bytbe enmible procees, which would give a good resistance and a propw 
elsagMion. ^ m of the lathir dear fenro-nMumaocse was avoided, and tka ofilT 
saWtatai-Qf it in the new process are gionnd ehrame ironstone (FeOOiH)*) M 


I (A and B) show the compention of saw matarials and ittijpti 

8 ■ 2 
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far the preparation of ehromo-ateel for variona pnrpoaes* Thia ateel ia eepeeiallp 
■oitaUe for ateel-oaating direct in earth-moulda: — 


(A.) AXALTBia OT Ri'W MATIBXJkLB FOR CASTma SmL. 


(a.) BBaasMER BoUed 8 ted Ban. 


Combined carbon 




I. 

Per Cent. 

. 0*100 

n. 

Percent. 

0*250 

Silicon 




. 0 006 

0*010 

Manganeae 




. 0*020 

0-030 

Bulphnr . • 




. tracea 

0 005 

Phoaphoma 




. 0 010 

tracea 

Copper . 



• 

. none 

none 

(&.) Smcmra-MARTiN RolUi Steel San, 
in. 

Per Cent. 

Combined carbon .... 0*400 

IV. 

Per CenU 
0*600 

Silicon 



, 

. 0*020 

0*020 

Manmeae 

Snipnnr . 



, 

. 0-030 

0*130 



, 

. 0*010 

none 

Phoaphoma 




. tracea 

0*001 

Copper 



. 

• tracea 

Tone 


(c.) Iron. 

Combined carbon .... 

Percent. 

. 0*12 

Graphite 

. tracea 

Silicon 

. 0 02 

Kanganeae 

. tracea 

Snlphur 

. none 

Phoaphoma 

. none 

(d.) Refined Coat Iron. 

Combined carbon .... 

Percent. 

. 4*25 

Graphite 

. 0*10 

Silicon 

. 0*08 

Haneaneae 

Snipnnr 

. 0*01 
. none 

Phoaphoma 

. none 

(«.) Chrome Ronttone. 

Chrominm oxide .... 

Percent. 

. 05'51 

Ferrona oxide (FeO) 

. 81*65 

Snlphnr 

. none 

Foimgn matter .... 

2*60 

Copper 

. none 

(/.) Lime (Mamed, 

Olleinm oxide .... 

Percent. 

. 90750 

Silica. 

1*500 

Iron oxide 

. 2*750 

Snlphnr ... 

0*010 

phoaphoraa .... 

. 0*005 


^Tlie chroine ironetone and limeatoae are oaleined and neift fptnat. Ilia fivr 
are need fbr preparing the ateel in the form of jpiaoaa of o 
farm <1 in. I7 I in.). Baw prodneta haying doaelj the abore-mentioned OOfay^Mto^ion, 
maj be need Ibr the farther raaaipta far the preparation of oaat eteeli. 
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(B.) Rioiipn worn ram PupAmiTtoM ov Cm SniL. 


Bmmam steel. No. I. . 


1. 

KilofmoM 
. 24-00 

U. 

Xllognas 

1000 

» « U- • 


6 00 

22-00 

Iron .... 


. 6*00 

2 00 

Ohrome ironstone . 


. 0*76 

0*66 

Limestone 


. 0*26 

0 86 


'The percentage of carbon in the reeeiTed ateela ie about 0'20 to 0*25 in eteel in 
No. 1., and 0*45 to 0*46 in eteel in No. II. 


Martik eteel, No. III. . 


m. 

Kilograms 
. 20-60 

IV. 

Kilograms 

2-00 

.. .. IV. . 


4-60 

10*00 

Refined oast iron 

, , 

8*76 

12-00 

Chrome ironstone . 


. 0 76 

1-26 

Limestone 

. 

. 0 60 

0*76 


* The percentage of carbon in the received ateele ie 0*80 to 0*00 in steel No. III., 
and 1*0 to 1*8 in eteel No. IV. 

‘ The mixture for steel preparing is placed into previously heated fire-clay crucibles ; 
the chrome ironstone and the lime are placed on the bottom of the omciblet and next 
it is filled with the other materials entering into the composition of the receipt. 
Ordinary coke-crucible or SuoficirB gas crucible furnaces are used for the operation. 

' The resulting four numbers of steel are quite suflioient for nearly all purposes, as 
following : — 

Steel No. 1 , for steel plates, rifle barrels. 

„ II., for machinery parts, cannons, tires, axles. 

„ III., fur instruments, cannon rings, saws. 

„ IV., for chisels, planing tools, &o. 

' The annexed table shows the mean result of the mechanical tests of the above- 
mentioned Steele. The eteel ingote obtained were hammered to test bare, which* 
after forging, were cooled in water. From every number of tbs cast steels mentioned 
in the tables, six different ipecimens were examined. 


OastSted, 

No. 

Peroentagsof 

Carbon 

Tons per Bqnsie InCh 

Elongation la 

Began to 
Btrttoh 

BreaUng 

Wdght 

1 

0*26 

26*3 

mtWM 

■EH 

2 

0*49 

26-1’" 



8 

0*96 

24 8 



4 

1*20 

27-1 

64*7 



*Tbe samplee of steele contain 0*08 to 0 26 per cent, of chromium; as ordinary 
hard steels contained more chromium than the soft specimens. 

*ln preparing steel bv this process the use of manganese alloys is avoided, which* 
in many cases, while reducing the iron oxides, give eteel containing phoephonis and 
Bulphur, aa these elements are found in the ferro-manganese very frequently. By the 
new process cast steel of a very good quality may be had at very mMerate pries.*— 
Ckmieal iVstn. 

•TSiroOUOMT. See Pfinmifo nr Oolotjus. 

■tganra. {Antitnoniated Hydrogen.) Owing to the difiSculty of firsfiog stibine 
of hydrtgen, and to the fact that it spontaneously decomposes, even at ordinary 
temperatures, its exact composition has never been ascertained. JoiiXB Uewnal if 
ChM/mneoi May, 1876), describes bis analysis, and eonclndes that SbH* is the 

eorreet formula for subine. Hs found the reaction of this gas on sulphur so delicate 
n test for light, that he made photometric and photographic expariments with it, and 
ba.a^s it is an excellent test for antimony. 

BWUllTa. See AxtiMONv. 

MSUOTCUmk The name given to a mineral found iMociatcd with Ikaah- 
llnite^ on Stirling jOill, Snseex Oonnty, New Jersey. It is a line ehiyaoliti^ and haa 














STOim BREAKERS AND ORE CRUSHERS 


bMn analyiad by Boippm (WAm'a DioHortatjjf qf Ohemittiy, 1670, p. 863). It iraa 
named by Kutkooit {Jakri^h/. Mineralogie, 1872). 



1 

f 

1 

8iO* . 

80*76 

26 60 

80-67 

FeO . 

83*78 

86-60 

86*87 

MnO 

16*26 

16 60 

17*81 

ZnO ... 

10*66 

10*66 

9*87 

SlgO. 

7-60 

681 

6-69 


6686 

90*60 

100 80 


4 

•TOM BmBAUM A»B OBB mVBHBBS. In Tol. iii. p. 618, s short 
notioe of these machines is giren. They have einoe the date of that notice come eo 
generally into use, that it appears necessary to supplement it by another. 

The stone breaker {/iff. 2688) was invented by £li W. Blake, and has been made 
for many years by the late H. A Maesosk, of Leeds who introduced several improve- 
ments. 

2688 



His diaimetsristtes of maduneiy of this kind, to eonstitnte a really good maehinsk 
are, that there mnst be no toothed gearing about it, and that friotion mw be reduosd 
to a minimum by a jndieidus anaagement of parts. As such machines are of great 
use, and are eztensivriy employed in distant oownlaJ settlements where no fenndiy or 
workshop is at hand, (tf oonrse they must not be likely to break down in any part 
The moring Jaw is uotnated'by an ingenious ooUtrivance. On the back of the numng 
jaw is a hofumntal semi-circular recess ; at some distance, say about two M hem 
this, thgre is a oonesponding recess in a block in the frame easting that eapiss the 
fly-wheel, its shaft, and bearings. A part of the shaft between the bearing^ is eeeen- 
tr^ly tamed, and a strong rod or bar, with a bearing hole in it, is fitted 6n thlep^ 

nftheshsit. The rod hangs doum betife«n the twnreoseaesslreadydesfldbtAinflhM 

its losrer end in^ thiokir stronger than ite body part. In thie lower i«a ere 









2639 
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t«o ftmi-oiMiilu neoMM^ iinsUr to thow ia th« jaw and frame. The fod ie inch a 
Itagth that when the eoeeatridtjof the ehaft hae been tnrned eo as to lower the rod to 
the loweet, theee notehee are below a etraight line which we may imanne to be drawn 
.from the jaw reoese to that in the frame olook. Two togglw are pUmed with their 
' ends in the notches, one between the ^w and the rod, the other between the rod and 
the frame. The jaw is kept drawn against the rod by a spring, whoHe action 
resembles the spring which keeps the jaws of a smith's vice ever tending to open. 

The action of the machine is this: when the fly-wheel and shaft are caused to 
rotate, the eccentric part of the latter draws the rod or bar up and pushes it down. 
When the bar is raraed it draws up the ends of the two toggles, or as they may be 
aptly termed, the knuckle-bars. As they are drawn up, they, of course, approach the 
slight horizontal line, and as the one pivoting in the notcn or recess in the casting 
block cannot go back, the jaw is therefore forced forwards towards the flxed jaw, 
crushing at same time any pieoe of stone resting between them both. 

It has hitherto been open to the objection that ue stones, being always cradted in 
the same direction, were not brought into the best shape, but, by a recent improve- 
ment in the shape of the jaw, the stone is now cubed, and an excellent sample of road 
metal is prepared with w less waste of material. The contrivance for cubing the 
stone by means of a crose-bite {fiff,. 2689), 
near the bottom of the jaw, and etill more 
clearly in the front view (fig, 2640), where 
ir will be noticed that the partially broken 
stone, instead of descending in one straight 
line, will be thrown sideways, by the change 
in the grooving of the eunace of the jaw. 

The movable jaw is suspended on a pin, and 
is moved by the rocking lever between the 
two toggles. The thrust is upon the lower 

f )Hrt of the jaw, and is greateat when the 
ever is in a vertical position and the two 
toggles are in the same straight line. 

An improved 'cubing' jaw is the most 
recent addition to the efBcAcy of these ma- 
chines, for use when it is desirable or essen- 
tial that the reduced material should be well 
and evenly broken np to a regular gauge and 
cubical form, as more particularly in the case 
of road metd. The construction of this jaw 
is simple, and consists in on extension of the 
lower end, and giving a ourved fbrm backwards to the movable jaw; thus the 
orifice of delivery is xn^a to tenninate a parallel channel of some three or four inchee 
in length, wherein the rarrugationa of the flxed and movable jawa are eo amoged 
ae to alternate the one with the other, i.e. ridge againet ftirrow, aad vioa vend, and 
the action of this jaw leaves little to be desired in regard to the evenness and regu- 
larity of the resulting sample of broken stone-^ whence it is called cubical. 

The new features are that the top sections of the jaw are of much coarser pitch of 
teeth than the lower section. Each section is made to turn end for end when the 
teeth ore worn off; they are therefore reversible. They are eaat on chilla with the 
hardest mixture of metid, but have wrought-iron bars cast at ^e bade, so se to be 
easily fitted or planed. The white metal joint is entirely done away with, a soft 
east-iron plate with planed fitting stripe on one eidea, against which the flxed jaws 
bear, being substitnted. The jaw stoi^ ie also planed. The Upe in the awing jaw 
are slightly undercut, and so the wedge piece draws them by forcing them outwards^ 
and is held by lock nntfi afid pin at the back, whilst a recess and toogne bold aaoh 
section sideways. 

Th4 top ssetioDS have their teeth arranged ridge and frirrow, the bottom eeetions 
too^h and tooth fluhion. The lower sections are recessed back, so that the first part 
of the operation is to ledge the etone. It drops into the cavity, and ii finally aqnar^ 
or onbed at the bottom, 'dt is also more tumbled about and is put into a better form 
for smashing by the break in the jaw ribs. The bottom eectione eon he revegee d 
withont the top, and tin vend. The pitch of the teeth at the bottom is 1^ in., 1} in,, 
8 in., 2^ in., and 2^ in., depending on the aim of the road metal, bat the genmal aafi 
most ne^l aim is 2 in. 

2641 is another and very naefbl flam of ])laBai»it*e improved mahhiaa. lha 
genew action of this machine requires scarcely any de8cription> it is already imU 
inowa to moat of oor readers. The lumps or cobbles of mono an finag iito the 
iridelyf 9 |iBg upper month at the ernshing jaw. Tha eleaii, bj.thwr oiwp me%k^ 




^40 STONE BREAKERS AND ORE CRUSHERS 

fiill itito thil jaw whan opan, and ara thni raadilj eruahad by tha oloaing tbaraol 
Tha oparation of tha cruahing jaw la affactad by tha now wall-known togfla joints ov 

2641 



albow laTara-»-in which an anonnouB strain, gradually culminating to infinity at tha 
ultimata lan^h of atroke, may be produced in a moat aimple and effective way. ^a 
broken metal or ore then falls into, in some cases, a rerolving riddle. The riddle ia 
pierced with a suceesaive series of holes, the smallest at the top, through which the 
fine dust and chip first fall. As the descending pieces then pass down tha length of 
the riddle, the different-sisad lumps pass through the smallest set of holes that will 
admit of their passage. The resulting metal is thus most perfectly sorted into 
samples, which will pass through certain-sized holes. The pieces that will not pass 
the riddle are delivered out at the end, and mny be re-crushed if not suitable for use. 

In a specimen of atona-breaker now made by Mr. Mabsdbn, the frame and eccen- 
tric shaft have been constructed much stronger and the fly-wheel heavier, in order to 
meet the wants of large quany-owners breaking Guernsey, Jersey, and Leicestershire 
granite. This machine will break sixty tons per day into good road metal with ease. 

In order to meet a demand amongst chemists and metallurgists, Mr. Marsdbn 
makes smaller hand and power machines. One combination he uses is worked bv a 
vertical lever in combination with a crank and connecting rods, the toggles being 
held in the lever, one on either side, and taking into a notch on the swing jaw, whilst 
the other rests in a notch on a toggle blodt at the back. The lever flilemm works in 
dies in a slot at each side of the frame, and is ftw to move horixontally, as the 
toggles lengthen or shorten by the varioue angles they aeeume in coneeauence of the 
revolution of the crank. This is a double-acting machine, the operating jaw vibrating 
twice for each revolution of the crank. 

The machines are also eometimee made with wronght-iron fiumei in order to 
diorease the weight of transport where roads are bad or wanting. 

Ftff. 2642 represents a veiy interesting dcecription of these machines eipeeially 
eonetmcted for the use of mines. This machine has given coneiderable satisfaction 
for breaking ores, quarts, fossils, flints, eoprolites, Ac., down to one uniform sise. 
The object ot this particular form of the machine is to simplify the plant of anyone 
having to deal with hard ■ubstanoes, and to reduce these substances to powder and 
flne gravel without the possibility of large and flakey pieces being intermix^ with 
the resulting sample, lake, for instance, minere*, pottery, Dinas, and gaimister day, 
flre-brick manufactures, chemical works, ironworks, Ac., where the jraipdple of 
disintegration, both of ores and ftiel, ia order to combine the lasne more intlnmtely 
for reduetion, is carried on. 

The aaehiae, as shown, fltted with a sorting table, around which the bcfs srs st 
work, can be insds in dl sIm bat it is preferable to take a mm whidl JMNdeihoi 
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4«t«niiiBad th* bMt— ‘lay, 16 by 9 in. ^i will reduct to about | cubee 80 toai 
ore itulFpef day. 
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In Cornwall are to ba seen rolls working with the raif wheel, and returaio^ iho 
stuff that will not pass the screens to be re-crushed. This is exactly the positioD of 
this machine. All the material passed through the Bloxb machine is not necessarily 
reduced sufficiently the first time, but to accomplish this without farther manual 
labour a shaking screen or riddle is interposed between the delivering orifloe and ths 
raff wheel, which screen delivers the fine below, and passes the coarse into tbs^ 
wheel, which is of cast-iron and wrought-iron arms, having internal buckets, to 
elevate the stuff and feed it into the mouth again. Practical miners have pronounced 
this arrangement excellent, and one greatly wanted, especially in making trials on 
the opening of new mining properties. 

The machine weighs about 8 tons 10 owt., and costs, we understand, 60 per cent. 


less than present machinery to do the same work. 
Auchb^b StoM-breaker , — A modifii 


modified form of these machines has been introduced 


^ Mr. Abchbb, and are manufactured at the Dunston Engine Works, G-ateahead. 
The peculiarities of this stone-breaker are: the movable jaw is suspended from 
tbe upper end, and receives its motion from a crank-shaft operating through a 
powerfiil lever. An eye-bolt running loosely through tbe lever, to the back of mdi 
It is securely fkstenM, is substituted for the smng formerly used to return ths 
swing-jaw, and which was the oanse of consideraole tronUe tlm>u|^ becoming weak, 
and, emseqnently, useless. The sise of the ftsnMnts is regulatm in sn ingsnions 
v^. pie rod connecting the lever to the drmng crank is, by the insertion of a 
liner Os tbe requisite thickness between the two plummer mocks, ^ shortensd or 
lengthened as occasion may xequize ; and the position of tbe movable jaw being thna 
altered at pleasure, the machine is rendered available tat different classes of wo^ 
ClofRBlhg also is effectually prevented by a horisontally fluted roller placed briow ths 
jaw, which breaks into cubes any piece of stone or ore that may ascgps ths 
jaws. V^ous motions can be given to the roUer, aeeaiding as ths nsitari of the 
work requires. In ore-eruahing, when the material is to be pulverised, ths roUw li 
mads to rsvplve regularly, iwoducing a grinding action betwsn it and the 
Ptt brewing stems into road motdl this rotary motion is mads intsxndMsnt, wlwm ths 
briftitt ftnffMfS ftse thsmsshrss tram ths grip of ths mscUBs and Ibll ftiaefim 
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doit At the Mune time, evAcieot deet ia formed to bind the metal whan qnead 
upon the road. The orraagaiment by which thia effect ie produced conaista of a atr^ 
placed round a aheave keyed on the axle of the roller. A pawl working on * jnn 
connecting together the two eztremitiea of the strap, haa ita outer arm attached to a 
nod foom the crank ahaft, the inner arm or pawl ri^ng over the aheave when taking 
the backward motion, but directly the forward motion ia made, which ia coincident 
with the backward motion of the movable jaw, the pawl grips and foatena the band 
tightly round the eheave, caueing the roller to revolve to the extent regulated by a 
aet-ecrew. 


The epecial and peculiar advantagea of theae machinea may be thus briefly 
enumerated. The centre of the chief working parts ia in one vertical line, which 
effectually prevents rubbing on the snrfaM of the thrusts, and enables the toggle 
near, ncceaaary on other machines, to be dispensed with. A considerable saving of 
driving power ia effocted by the return stroke of the lever bringing the swing iaw 
with it, and, as haa bean already shown, in dispensing with the expensive and tronble- 
aome springs neeessa^ in other fotms of stone-breuers. The Anted eorruntions of 
the revolv^ cubing jaw being at rUht a^les to, or crossing the flutes at the bottom 
of the swing jaw, have the effbct of cutting the matwials into cubical and uniform 
pieces, and any flat pieces lying between the cubing and swing jaws become split or 
broken by the upward motion of the latter. By the substitution for the stone- 
breakbg roller ox one with fine flutings and setting the jaws doser, the machine 
becomea adapted for grinding. 


Haix’b miproMd — ^The machine introduced by Mr. Hatx, of 

Shaffidd, haa the main leading features, and hence the distinctive advanta^, of the 
old * Blau * machine, but by the introduction of a duplex or mnliijiplC action of the 
breaking jaws, ssversl material improvements appear to have been eftoted. In the 
ordinary ' Blau ' machine the breaking jaw is all in one piece, and therefore does 
^e whole of its work in a single half-revolution only. Owing to the magnitude of 
the resistance to the crushing jaw, this irregular action of alternate work and no 
work in the siogle revolution can only be rendered tolerably regular, so as to be 
obtained successfolly from a rotary motion, by the use of a heavy fly wheel. This 
not only means a large amount of metal, which costs money, but also a large diameter, 
which has sometimes been found inconvenient, 


In the machine made by Mr. I^ll the jaws are divided into two parts, which are 
driven by eccentrics and toggle joints, so as to crush in alternate portions of the revo- 
lution of main shaft. This arrangement, it will at once be seen, reduces the maximum 
pressure to half that which wouldf be caused in a machine with a single crushing jaw, 
equal in width to the two alternate jaws of this machine. Bence the whole propor- 
tions of the multiple action machine may be made much lighter for a given amount of 
work than could be the case with a single-jawed machine. 

By this duplication of crushing jaw the work is balanced upon the main driving 
ihaft, so that a regular speed of rotation may be obtained with a fly-wheel, light and 
of small diameter. This tends to reduce the oscillation and vibration of the machine, 
and so for as it saves the wear and tear of the driving enp'ne, effects an economy of 
power. This reduction of irremlarity in motion will also oe of advantage to the life 
of the driving engine. To foruer increase the steadiness of working, the base of this 
machine is spread over a laxm area, and when fitted, as every improved breaker can 
be. with travelling wheels, the wheel-base area is exceptionally large. The wheels 
are also made bxoad, and of great strength, to allow of rough usage over uneven 
ground. At the same time they are rounded on the foce, so as to givs ths least 
resistanee on smooth and level rous. 

The oonstniction of the wearing foce ie iroecially calculated to allow of e^ 
renewal and to give the best cubing effect. The moving jaws have a raised ptqiao- 
tioD, which is chilled at the top cast across the foce ; uu is undercut at ea«m nde, 
and suitable cubing foces are let in, and held at the top and bottom by wed^shaped 
bolts, which can easily be tighfousd to take np alack or loosened to allow of riiUoval 
without disturbing any other part. The fixed jaws axe also fitted with, two movable 
foces, which can be renewed or altered ^th ease, and all the foces axe reveniblat m 
as to present two wearing surfoces. It ie well kno^ that tiie wear is grsiitcft at the 
lower end of the working Jaw, and this is the smallest of the removable fooea ia this 
machlns, so that it is eertsia the top faces wiU wear out two, or even three, ssts at 
die lower end. It is found that the opposing movemept of the multiple of 
action is veir valuable for jdving a dde ndling motion to the stone or infneush 

In view of the best possible production of road metals a double aetioa,ic perfoemsd 
by each jaw in its upper and lower portions respectively. The upper postica haa 
teeth of a coaraar pitw than the lower face, ana works ^th a tooth on M sida 
opposite a space or rsosN on the other, so as to get a aledgiug aotioa on the Intpe 
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UdbIdh sad ikm hmmk than with the ImA amnditurt of powaa. Tha lowaa fkoai 
are of diior pitah, to aidt tha aiia of road-matal, and work point to point in ordor to 
enba it properly. The enlaiged thnwtk which hea been introdnoed between the two 
feaea, and the reeadinf action of the neighboniiitf jaw, giTe apeeial fhcilitiea for the 
rapid manipulation aim eaay getting away of the broken mdal, ao that the proportion 
of eplintar and duet U but amalL Tha ana total of uaafol e&ot in the impaaead 
atona-braiAer ia claimed to be higher, and the paroantage of diecdraatage amaller than 
in ita jwedeoeaaora. 

EmoHT and Fabixauz'b Maohins. — ^Meaare. Enioht. FAnmaTTX, and lyorncpua of 
Lille, bare introdnoed a atone-breaking machine. The novelty of their maehina 
oonaiata in arranging and combining together aide by aide a aariea of aeparato itroqg 
levera operating uke eheara to cat or aplit tha piacaa of atone that are to be broken, 
inatead of ompToying hammaia or other known maana and inatrumanta for afhoting 
that object. In a auitaUe framing thav arrange aide by aide two aata of levera, 
one set being placed oppoaita to the other eat, each aide being inclined ao aa to 
preaent a wide opening at the top to receive the piecea of atone, and a narrow opening 
at the bottom. £aeh eat of levera ia mounted on a separate horisontal axle, which 
paaaea through holaa of ooxreaponding aiie made in each of the aep trate levera of 
each seriea. 

The upper and lower enda of each of tha levera ia formed taper on ita oppoaita 
edgaa, the ti^ edges eonatituting cutting edges, operating like shears employed to 
cut metal The leveie are corrugated on those pai^ of their edges which are between 
the plain tapered parts or cutting edgaa for aaeuraly holding the pieces of atone while 
they are being broken. Upon two strong horiaontal ahafta a matm tuba, having came 
or prqeetiona formed on its aur&ca, is foEed, each cam oorreaponding to its respMtive 
lever at the hack edge thereof and bottom enda of the said levera ; rot^ motion is 
imparted to the aforesaid shafts and cams by a system of toothed gearing driven by 
any convenient and suitable means. 

In this machine the piecea of stone to be broken are placed in a hopper at the 
top of the machine and fall hetweei the innermost cormgated edges of the two aeta 
oflevers : as the cams are caused to rotate the lower euofa of the opposite sets and 
aeries of levers will be forcibly preased, and approach each other, and effect the 
breaking or apiitting of the stones that are between the corrugated edges of the aeveral 
levera, &er which the pieces of atone thus broken will ^ down, and be caught 
between the plain outtiu edges of the several levera, and thus be finally ent and 
finished. An important feature to this invention consiats^firatly, in combining ia 
one machine the operations of two separate machinee, and, secondly, by making each 
of the aforesaid lavers with four separate cutting edges ; when one catting Mge is 
worn, by turning these levera upside down, or the ba^ edge to the front, muv new 
cutting edges may be brought into use, thus effecting great economy in the coat of 
machines of this deaeription, aa also eoonomising power and apace, and more eflbetually 
breaking the atone than has heretofore been accomplished. ^ 

BTOWWmmm worn AMMATWOB WAaraoiB. Messrs. Babskt and Emm 

patented a ibw years since a stopper formed of agtem of ligimm vitae, around whioh 
was a ring of indfai'Tobbar. Thia being in the bottle, ia pressed against the aba g l der 
of the bottle like a valve — the greater the preeeure of the oarbonie acid gae the moie 
aloeely is the india«rubbar ring fitted. Tha bottle is epenofi by foreibSy striking down 
the stick of lignum vitat, which rtmaiia in the bottle until it is amnfllled. 

The frequent use of the same piece of wood was objeetad to. ^Tha patantaas have 
BOW substitatad a glass buUat, with a vary small dim of iadiMrubbaar fitted to ita 
centre. 

By adapting thia to Laxoire'a patant bottka^ which are all of exactly the bubm aiae 
in the mouth and rimmed on the intidok theae atoppera will fit aeentatsly in avaij 
eaae, and can be inatantly opened by the nee of a eap^ whieh will foroe tha gte 
atoppat into tha bottle. Tbaaa atoppars, of eourae, ranuin 1b the botlla^ axe 
raadilj daaned with it. Tha aaving of time ia oorking and iriring ia vary gsaat, and 
tha Beeuity ia much greater than tM frrniabed by the beet eeak. 

(M/m, Fr. ; ikt Strok, Ger.) Portabla engines anangad lor bnrning 
straw have beeeme of great importoBae for agricultural pusposao. A great aembav 
of aatybotory trials ware aaade at the VleDBa ExtaibitioB. These prom that 1 lb. 
of straw is capable of evapmtiag from 1*81 lb. to 1*07 lb. ef water into ataam of 
70 lb. p r osi u ie and 805*8^ jFahr. Thaos triaU wero mode under tha moat fheramblo 
‘TttrnniH stitMiii (Saa Fona.) 

MMtnnuar. (Vol.iiLp.0S8.) M.DiBOLAxaireQmmuieatadtothoAaadatey 
af Soianaaa a paper on tha ooeazreaeo of fferoatiak from whioh we gkaa tiie fixUoviai 
intarasthig partanlaia 

StrontioD aadsto in the water of the aaa in the atates ef carbonate aad 
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In the sUte of oarbonato it maj ba raeognised in 100 cubic centimatrea of aaa utter. 

In tba atata of aulpbate it appeaxe diatinctly in 4 c.c. of the watera of the Maditer* 
ranaan, Bed Baa, Inoian Ocean, Ohina Sea, and Atlantic Ocean. 

The gypeum trhich in aalt marahea forma in abundance on the tablaa before the 
dapoait m the marine aalt, contaiua atrontian in aufflcient quantity for the milligram 
of thia gypanm to give, in a perfectly diatinct manner, the apeotrum of atrontian. 

In the apontaneouB evaporation, on a laxM ecale, of aea water, strondan ia ooneen- 
trated in the fliat precipitate (carbonate of lime), but chiefly in the aacond (sulphate 
of lime). Thia ia why it is not met with in the products which are formed later — 
namely, marine salt, cmoride of potassium, and magnesium, nor in the last mother-lye. 

We have seen that the carbonate and sulphate of lime in solution in sea water 
contain atrontian. All the limestone forming the mineral parts of marine beinge is 
necessarily borrowed foom this source ; hence this limestone part must always contain 
atrontian. This has been fuljy verified by experiment. In all these calcareous parts 
the strontian is distinctly f^gnisable with a weight which has never exceeded 
1 centigram. 

If the ancient seas had, from the first, a composition similar to that of our modem 
seas ; if they contained, and in the same proportions, subatanoes hitherto thought very 
rare, like atrontian, then we should find strontian in the mineral non>modifled parts 
of beinm which have lived in the seas at different epochs. Observation has quite 
justified this. The examination of 120 species of Brachiopoda, distributed through 
the entire series of palaeozoic strata, from the lower Silurian up to the present epomi, 
has enabled the author to observe, without a single exception, the spectrum of strontian, 
the quantity being, however, always less than 1 centigram. 

Reasons of an exclusively geological character led & DiavLAPAi^^ to affirm that the 
gypsums of all strata have for exclusive origin the evaporation of sea water at the 
ordinary temperature of the epochs of their formation. If this be the case, all the 
gypsums, whatever their age, should contain strontian. He examined 188 specimens 
of gypsum obtained from the region of the Alps and of the South-east of France, 
gypsums belonging to the trias; 86 specimens of gypsums of tertiary formation; 
4 specimens of g 3 ^sum with mica (metamorphic gypsum) ; 6 specimens of ophitic de- 
posits from the Pyrenees. All, without exception, gave the characteristic spectrum 
of strontian with a few milligrams of substance. 

A detailed examination of layers of gypsum from the same deposit— layers which 
in certain cases rose to 120 — proved that the strontian was disseminated throughout 
the mass of gypsums, and did not constitute small accidental deposits. 

All the saliferous mineral waters, hot or cold, borrow the greater part, and in many 
cases the whole, of their mineral principles from the saline substances existing in 
sedimentary strata— substances arising from the spontaneous evaporation of the waters 
of ancient seas. As all these saline deposits contain strontian, all those saliferous 
irators should contain strontiin. The tHctumnaire des Eawe MifUrcdet mentions 800 
springs coming under the definition of saliferous Waters; of these 800 there an 
only 44 in which strontian has not been met with. The author has searched for it in 
71 other springe taken quite at random. In all, the presence of strontian was ob- 
served, the quantities of water operated with not exceeding 100 Rtndu$, 

1876. 

smBSim. A peoalior substance possessing an organised strootura, whioh is 
much used by calico printers as a thickener for colours. 

SVOASa (Vol. iii. p. 026.) The following remarks on sugar show so clearly the 
present condition of the sugar cultivation and manufocture that they have bean 
transferred from the Saturday Review, in which they appeared, to our pages 

* The sudden rise in the price of sugar which nas oeourr^ daring the post two 
montlM (November 1876) is for many reasons not unnaturally attracting attention 
beyond the limits of the purely commercial classes. Comparing the wholf^d prices 
of the present time with those of twelve months ago, we find an advance ^ firm 80 
to 40 per eentr— let os say, roughly, of one-third. Even at that rate the poor nesdls- 
woman and the wife of Ime common day-labonrer would have to pay 6a. per lb. for 
the sugar which oost them only 44(2. a year since. But we ueea hardly tell onr 
readers that, if the rise in the wnolesale price is maintained, it will entail a mora 
than proportionate rise in the retail price. For the retailer must have Us profit op 
the aadiuonal outlay as well as on the old coat, and he will take cere, we asay be 
enre, that that profit is not too meagre. But a rise of Ifd. or 2d. per lb. in an artielo 
of universal consumption, as sugar has now become, would be a senoue matter to the 
Struggling poor at the beginning of winter, in a period of depressed tmdfk ao^ 
apprehensions of war on the vastest scale are diseouraging all investment. It may be 
that the riae whioh hae taken place ie not justifled. Indeed, recently tbest wee a 
downward teodenqy in the manete, which, however, hae been cheeked.^ 
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After Doddng the condition of the eugar trade during the war with France^ the 
writer proeeede 

* In consequence, the price of sugar and other articles of the same kind almost 
peached famine rates. Napolbon set about remedying the injury, and the cultivation 
of bnet'root ns h source of sugar was encouraged in every method by bis Government. 
The fall of Napoi-bok and the consequent opening up of the whole continent to British 
trade retarded the growth of the new industry. Still Napolhon's policy was pursued 
by the Government that sucreeded him. Among other modes of protection, beet-roo 
sugar was i-xempted from all taxation, while a heavy duty was imposed upon foreign 
sugar. By this moans the indigenous manufacture was fostered ; and consequentlv 
we find that in 1832 about 9,000 tons of sugar were manufactured in France, which 
was about one-seventh of the total consumption of tiie country. After this period a 
new cause came into play, which gave an extraordinary impetus to the boet-root in- 
dustry. The long agitation a^inst slavery in this country triumphed, and negro 
emancipation was accomplished in the West Indies. The first results, as our readers 
are aware, was the disorganisation of the West Indian labour market. And France 
took advantage so promptly of the opportunity that in 1842 her production of indige- 
nous sugar had risen to 86,000 tons. It was an almost fourfold increase in ten years, 
and was very nearly one-third of the whole consumption, instead of one-seventh, as it 
had been in 1 832. From this time the industry prospered so rapidly that a duty, less 
indeed than that on foreign sugar, but still ’of appreciable amount, was imposed on 
the beet-root product ; and in 1847 that duty was made equal to the foreign duty. 
Btill the industiT attained greater proportions. In 1862 the home production some- 
what exceeded the foreign imports. And in 1871 it was four times greater. Since 
then the home production has still further increased, until the foreign imports, com- 
pared with it, are but a small fraction. Last year (1876), in fact, the home prodnetion 
exceeded 440,000 tons, nearly twice the amount of 1871. During 1874 and 1876 the 
wholesale price of sugar at Paris averaged 140 francs per 100 kilograms. At that 
rate the home production last year amounted in value to over 26,000\000l. sterling. 
Thus in less than seventy years an industry has been cretited which is worth this 
enormous annual sum to France. In the meantime Germany, Austria, Russia, and 
Belgium followed the example of France. And the total production of beet-root 
sugar in Europe is now estimated considorablv to exceed 1,000,000 tons. 

*In 1869, when Mr. Lows first proposed the reduction of the sugar duties, be 
grounded hie proposal on the fact that sugar, even then, was the solace of all classes 
and both sexes from the earliest infancy to tottering old w. And the quick re- 
duction and dnal repeal of the duties have stimulated still further the universal 
consum^ion. Between 1869 and 1876, in fact, the consumption per head of the 
population in the United Kingdom has increased from 42 lb. to 02 lb. per annum ; 
that is to say, the consumption is now nearly 1^ lb. per week, and the value of the 
sugar impoi^ last year exceeded 21,600, OOOf. 

' The importance of the sugar crop of France, not to herself only, but also to us, will 
now be ai|parent. Ard as to its importance to ns we need only add to what we have 
already said, that last year (1876) the suw we imported was equal in value to two-thirds 
of the wheat we imported, so universal an artifle of consumption has it now bseoms. 
But the French crop this year (1876) is said to have failed. D is impossible thus early 
to judm how much exaggeration there may be in the reports of failure. It is commonly 
alleged that the out-turn will not exoeM 260,000 tons, against 440,000 tons last 
year ; but the truth will probably not be so bad. However, there is no doubt that 
the crop is a very short one. It is also said that the crops in other European countries 
are dencient, although we have seen the statement contradicted. And, lastly, the 
■ngttf-cane crop in the United States appears to be short The cultivation in the 
United States has been decreasing ever since the Civil War. The crop is therefore of 
BO veiy mat importanee. But toe American consumption at the same time has been 
rapidly Increasing, and this year the demand baa been abnormally great The 
Amerujan pqrohaaeB in our maiMt are indeed among the causes of the present pertnr- 
batioB. Ine result of this combination of adverse mreumstanees is that the wholeeale 
prices have risen within the last two months from 20 to 80 per cent It is ouite 
noasiUs that a large part of the rise may be due to speculation, and that the wurs 
u not so gnat v to justify so extraordinary an advance. But it is also poasibls that 
even a greater rin may take plaee and be maintained. Even at the pzeaent levri, if 
we import the same quantity os last vsar, our supply will eost us 8,000,0001. mors. 
Of coBies it may be tnat the snhaaoea price will eneck conra^tion. If it doss not 
it will diminuh the sum which the lower section of the working classes will hare to 
lay 6nt on other srtieleB. In any case, it will be frit hv them in a diminution of 
eomibrts. As for France, the failure cannot but tell heavi^ on the peasantry ; ooming, 
too, at a time when the pAy^sra is eommitting such ravages, it will bs dmibly trying 
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to tho oountfj. And it will feriouily sfbot the nrenue, the duty upon mgw don* 
tributing a yezy conBiderable amount. The duty was increased in uizee laocesilTa 
rean sinoe the war ; and it is a curious circnmstanee, which deserves to be noted 
here as completing our historical sketch of the beet-root industry, and showing once 
more in what unexpected ways legislation affects trade, that these increases of taxation 
actually stimulated the cultivation of beet-root. On exportation a drawback is allowed, 
and this drawback is so calculated that the exporter gets more than the duty he had 
paid. The drawback is thus in reality a premium on exportation, and as such it has 
acted, stimulating so greatly the exportation to this country that our own rsfloers and 
the colonial growers complain that they are being ruined.’ 

It now becomes neoessaiy to give an official statement of the conditi<»i of our sugar 
manufactures and of the consumption of sugar in the United Kingdom for the mat 
three years. 

Mr. HmniT GHAiiBBBLaiir, in his paper read before the British Association at 
Bristol in 1875, gives the following particulars : — 

Burbadoes first exported sugar to England in 1646. 

The West India ti^e continued the principal one until 1844 ; then fiee labour of 
other places was admitted. 

From 1844 aU kinds of sugar were imported free, and slave labour and the dwfy 
VMM mtArdy aboluhed in 1874. 

In 1832, the year before slave emancipation, the total import trade with Bristol 
was 21,229 tons. 

In 1848, the year before the admission of free labour, it was only 16,61 1 tons. From 
that time it gradually increased to the following quantities : — 

In 1872 94,62^ tons 

„ 1874 • . . 81.914 „ 

„ 1876 91,921 „ 

According to Mr. Hskbt Ceaicbbblaxm, the entire import of sugar into England in 
1700 was only 10,000 tons. In 1874 the total consumption of sugar exceeded 700,000 
tons, and in 1875 the consumption rose to 964,477 tons. The total consumption of 
sugar in the ITnited Kingdom in 1674 was 719,848 tons. 



Owt. 

Value 

In 1675 the imports of sugar refined, or 

sugar equal in 


quality thereto, and sugar candy was 

. 2,860,776 

£4,888,166 

UnrefluM of all Itinds 

. . . 16,264,711 

17,210.187 

Glucose, solid or liquid 

237,997 

239,685 

Molasses 

768,410 

420,449 

Man%factwre of the United Kwgdem exported in 1876. 


Owt. 

Value 

Beflned and candy 

. . 972,268 

£1,149,879 

Ifolaeses, treade, and syrup . 

162,988 

127.819 

Cohnial produce being — 


Owt. 

Velas 

Beflned and candy 

266.124 

£891,817 

Unrefined of all kinda . 

484,820 

678,568 

Olncoae .... 

4,428 

86,682 

4,281 

63,211 

.... 

Beaerved fiv homo oonsumption in 1876, 964,477 tons. 

• 

In 1870 our imports were 


Owt. 

Vslns 

Bsfined spgur and can47 

2,796,414 

£4,119, IM 

Unrefined of a^ hinds . 

. . 16,612,214 

221.495 

16,683,611 

Gluoose, solid or liquid . 

2;9,636 

MolaMes .... 

498,441 

264,096 

^ the UnUei Zimgdm 1676. 


Owt. 

Vitas 

Befined sugsn and candy 

. 1.192,2n 

£l,SM,MS 

MoIomms, treacle, and syrup . 

231,027 


Our exports of colonial produce in 1876 being 1,056,842 ewt 
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Jb 1877 oar imports ^ . 

Owt. YsIm 

Beflnad sngar and caodj .... 8,429,828 /fi, 798, 814 

Uoreaned of aU kinds .... 16,638,428 21.318,168 

Holasses 208,867 140.670 

Matof^aeture of United Kingdom Refined sugar and candy, 1,119,542 cwt. 

Foreign and colonial produce exerted, 671.801 cwl. 

The detailed statement of our importations of sugar in 1874, 1876, and 1876 is 
given for the purpose of showing tne variations of the imports from the several 
countries wit^ that period : — 



•VOAm MAVOVAOTUBB. ^See vol. iii. p. 926; OoNcmmunox Vaourif 
Pair. p. 046.) Jn the description remrred to HowanD’s vaeuum ps|i is especially 
deseribsd, condensation by ii^jtetion being the praetiee followed. 

The so-celled * exselfior vaemim pen condenser* profseses to effect a vest saving in 
the eopsomption of condensing water. T^is pan is the dedgn of the Ann of Heesit. 
Bki4u, BancoaT, end OoirraitT, enginaere, of Grcenook. {ne woodcntt give first a 
ss^onnl deration, second a oroes aeetion, third a plan, and ftmrch a back end view. 
The fbllowing is a dascriptioB in detail : — The appjuatns consiets eseenttsUj of a 
laije mat-iron tank of oblong oonstmetion, meaeuring 6^ to 7 feet in length, 4| to 
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4^ feet in width, and 6^ feet in depth, having a groee capacity of 200 cnbio feet, and 
a oondeniing apace of 145 to 160 cubic feet. Its aidee and enda are vertical, ita top 
or roof dat-aiched, and ita bottom curved, aa in the letter IT. It ia aet longitudinally, 
mounted on a wo^en or caat-iron gawntree, like a liquor caak in a wine-cellar, and 
when looked at endwiae haa veiy much the reaemblanee of the letter IT, surmounted 

bynaemi-clrcnmflez, thus (u }. The tank ia in one piece, with the exception of the 
b^ end, which admits or being detached from, and readjusted on, ita seat when 
removing and replacing the internal grating-plate, which is inserted and removed 
from tlie back end. The grating-plate (which ia usually of copper) occupies an ele- 
vation on a line with the base of the arch or roof, and is fixed in position by being 
ihstened down with bress screw-bolts and nuts to a series of little brass (or cast-iron) 
cross-bars (similar in shape to ordinary furnace bars'! stretching across tne condenser 
at proper intervals ; as likewise to the projecting dango at the base of tbe arch or 
roof, and also to an inside flange or * listing ' cast on to the front end of the condenser. 
It is made to fit closely all round the tank, save at the back end, between which and 
the grating-plate an open space of about 2^ inches intervenes for direct communication 
between the upper and lower compartments This intervening space is virtually 
the only medium of direct communication between the air-pump on the one hand 
and the vacuum pan on the other — the neck pipe, a 2544 and 2546), the con- 
denser itself, and the vacuum or air-pump pipe, b, being the connecting media. 


2543 2544 



Hie grating-plate is for the uniform spread or distribution of the condensing water in 
the form of a rain-shower in the lower compartment of the condenser, and, with this 
view, is perforated with innumerable small holes, and is turned up at the back end to 
the depth of about 2 inches, so as to retain a constant head of water over its upper 
surface. The condensing water is injected on to the upper surface of the grating- 
plate by the two side-pipes, c {Jiga. 2542 and 2545), near tbe top of the condenser, 
the injection being related by means of stop-cocks on the pan-room floor ; the dis- 
ehaxge being eflfected by the converging or hopper-shaped branch, d, at the bottom, 
from which the gravitauon-pipe is depended, which, as is well known, works on the 
principle of the water-barometer. A narrow, obliquely-set copper plate, pointing 
inwards and downwards, extends across tbe front of the condenser in the interior, 
which is termed the splash-plate ; for by means of it the front jets of the water- 
shower are thrown inwards, so pnventing the water splashing down the neok-pipe, a. 
into the vacuum pan below. It is secured in poeition along with the fore end of the 
grating-plate to ue flange. Ineerted on either side the condenser, towards the oentre, 
la a little plate-glass window, looking throogh onO of which, and tiis other aoting as 
a reflector (a li^t hnming alongeide), the action of the water-diower ia tbe interior 
may be seen the outeide. At a (^. 2545) is a manhole in, the roof of the 
oonaeBser for admission to the upper oompartoent to bolt or unbolt ^egrgtin 5 Mplate» 
M also to joint or diqoint the upper portion of the naok-pipe, a, in front At a 
{fig, 3641) IS a manhole in the lower portion of tbe baek end for admiision to tbe 
loimr eompai^ent, to faaten or unscrew the holt-nuts of the gratiag^late, and to 
Joint or disjoint the lower portion of the neok-pipe, a, before mentionaa ; and at 'o are 
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Mro bran-mountad handholes in the back end— one on either side the Tieuum pipe, »— 
fur aoeess to joint or diqoint the branch, s, communicating with the air-pump, as also 
for the purpose of inserting a long-handled broom or mop into the upper ehamlter to 
clear the upper surface of the gratiu^plate of glutty mutter, dec., which may haTc 
entered wiu the condensing water. Tne back end, as we before remarked, admits of 
being detached bodily from the rest of the condenser and rejointed, in the eTent of 
requiring to remove tlie internal ^ting-plate, in which event, of course, the vacuum- 
pipe branch, n, is also necessarily detached from its seat and rqjomted as before. 
The action of the condenser is simply ns follows: — The vacuum pan being in action, 
the vapour disengaged from the boiling syrup therein is withdrawn into the condenser 
by the exhausting air-pump, entering the lower compartment by the neck-pipe, A, in 
front. The vapour, on its entering ^e condenser, is caught up through the midst of 
the water-shower against the under surface of the grating-plate, and is thus brought 
into direct and moat intimate contact with the condensing water in the shower, parting 
the while with the greater portion of its heat, which is communicated to the water; 
the vapour interbknding with the water in the course of the process, and fsllin|^ with 
it more or less condensed. Any vapour escaping due condensation meanwhile, as 
also that given oiT by the condensing water itself, ascends up through the water- 
shower in the same in.inner, and falls with it as before; the water used in, and that 
slso produced by the condensation, becoming the while intorblended, and in course 
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paning off togethei bv the branch, d, at the bottom of the condenser into the gravi- 
tation discharge-pipe before mentioned ; and so on continuously during the space of 
the boiling operation. As the boiling ia continued and the process of condensation 
goes on, cold water is being conetantW iqjeeted (more or less) into the condenser by 
the pipM, c, so keeping the grating- plate well covered, and insuring constancy and 
re^arity in the shower. 

in this condenser the water abstracts from the vapour and carries off a larger 
portion of heat than in the ordinary condensers. Throughout the process the con- 
denser itself is kept cool, as is also the exhaust-pipe Imding to the air-pump, and 
hence the vacuum is more perfectly eecured. 

The vnponr from the vacuum pan enters the condenser at an averan mean tem- 
perature 6f 180° Fahr., and the condeneing water at from 55° to 62° fAr., while the 
discharge prater leaves the condenser or the reduction pipe at an avenge mean tern- 
pentnre of 90° to 05° Fahr. 

Mai|^ pans at work in Qreenoek, furnished with tlie ordinary eylindrieal condenser 
and bnling from 12 to 16 tons at a charge, consume not less than 680 imperial gal- 
lons of condensing water a minute, while in the case of pans furnished with the 
* Excelsior' condenser, and boiling 28 tons of sugar at a charge, the average water 
consttiMtion does not exceed 230 imperial gallons per minute. 

cf Air for Evamration of Byruv.^By a communication from M. Ed. 
MoRum, oi Nantes, published in a recent number of ten Mondett tbe following ae* 
eemnt of experiments in evaporation by the injection of air ia given. An apparatus 
constructed by MM. La Pommehay and Pixel has been placed at the saltworks of 
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Croisic, bolonging to MM. Bknoit. It has worked with great adrantage, prodiwhig 
muoh economy in time and a saving of nearly 40 per cent. At the Bienne sugar 
refinery the method has been applied in the working of beet-root juice to tJie weak 
.iquor of 6^ as well as to the syrup of 25° density, without alteration of the juice or 
chanffe of colour. Both the raw juice and the syrup have been cunoentrated nearly 
to 42^ density by a temperature of 80° to 86° C. (170° to 187° Fahr.),and have crys- 
tallised perfectly without any greater production of glucose than accompanies other 
methods of working. The evaporation progresses at the rate of an increase of density 
of 6° per hour, between 6° to 26°, when it is accelerated to the rate of 6°, 7°, 8°, and 
11° of concentration per hour. At the A. Gbbar refinery the apparatus for insufflation 
of air has been applied to a vacuum pan, and works ^rfectly, only that the vacuum 
cannot be maintamed constantly except at 46° C. (108°Tahr.) ; otherwise, by admitting 
less air the vacuum can be raised, but tlie temperature will then be increased, to 
the detriment of the formation of a regular grain. The sum of the results of the 
experiments in sugar-making is — (1.) That insufflation of air augments con- 
siderably the evaporation of liquids. (2.) That this method procures an economy of 
fuel of nearly 40 per cent., together with much saving of time, so great as to permit 
on ordinary ^iler of evaporation to accomplish five times the usual results. (3.) 
That the insufflation is without injurious action upon the sugar solutions ; that it 
neither afiTeots the colour nor inverts the crystallisable sugar. It is demonstrated to 
be possible then, with all security, to apply this novel method of evaporation to 
BUgar-juice nearly to 36° or 40° of density ; but the determination of the boiling may 
be effected in a vacuum pan, as is ordinarily done, or may be effected in iron air. 
Commenting upon this note, the Journal of the Franklm Institute observes the method 
of insufflation and evaporation referred to is simply the blowing^if streams of air, 
not necessarily heated, into a liquid warmed by some usual means to some desired 
temperature, which may or may not be the boiling point of the liquid. The active 
circulation promoted by the levity of the air-bubbles and the extended surface which 
is given for the evaporation of vapour to take place from, is supposed greatly to in- 
crease the efficiency of the boating surface to dispense boat to the liquid, by increasing 
the difference of temperature of the liquid whore it comes in contact with the heated 
surface. The claim of saving of fuel - that is, of effecting a greater evaporation by 
the same quantity of heat — would seem to need more positive evidence, for the ad- 
mission involves the establiehmoiit of now laws in physics, but the possibility of 
accelerating the process of evaporation by the method can be readily conceived and 
admitted in moderate degree ; certainly, however, not that the same heating surface 
could be made pouctically efficient for five times the usual results. 

•VOAB-CAirSf ZIT. Professor Livbbsidqb, of the University of 

Sydney, has drawn attention to a disease of the sugar-cane which has appeared in 
Queensland, and which is known in many other sugar-cane producing districts. 
From Professor Livebsidgb’s report the following particulars are abstracted. 

The Character of the 2>M«ase.— Some of the actual statements made by sugar-cane 
growers will best describe the disease : — 

*We first noticed the cane disease in 1871 ; during the previous year a larp 
quantity of rain had fcdlen, and the district had suffered severely from floo(u. 
Bourbon cane was the first affected, and grew on the block from a sandy soil. 
After a few months we cut and burnt it. The cane had been cut about tna end 
of 1870, and when 3 feet high trenches were opened in alternate rows with hoes, 
and the trash buried. In twdve months’ time n^t of the Bourbon cape on 
Jindah was affected, and some blocks seriously injured. The disease has since 
then continued to spread rapidly. Three years after the stumping and cross-ploughing, 
&c., the block on which the disease first appeared was plantea with Rappoe cane ; 
this grew well, and was cut when two years old, but the disease again appeared, and 
chiefly in the sandy part before mentioned. The ratoons, now one year old, show the 
disf*a8e worst in the same place.’ 

Again, the same writer says, in reference to another question : — * The disease gene 
rally appeared when the cane was 8 or 4 feet hi^, about the be^nning of the year, 
when the rains were commencing ; it spread rapidly until the wetter was frit, 
and then but slowly ; when the spring came maav of the canes would recover their 
strength and become fit for crusbiug. This year, however, it hae been much more 
severe, and the cold weather did not check it ; only a few isolated canes ate frowiagt 
and these are unfit for sugar. This has been a very wet season, but we thin^ that 
the dUonsG has gained ground more rapidly every year since it first apj^ed.’ 

Anotlier sngar-cune grower says ' In March last I first observed seve^ small 
red-looking spots in a cano piece on the scrub soil; on examination I found the soil 
of the part affi*ctoil to bo an old bed of a scrub turkey’s nest, the soil being 2 or $ fMt 
deep with decomposed leaves ; the number of epots increased daily, till in two weeks 
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Mvanl MiM in th« centfe of tho piooe hid died out The difeiie n«w showed iteelf 
all round the esUte ; every day on the highest end diiest loil it oould be ohienred 
working downwaitk to the valleys, and the end of April it had affected eve^ itnol 
of the Bourbon variety on the estate. The cane on the foreM soil waa ailbcted but 
slightly, as it has quite recovered.’ 

After describing all the conditions of the eultiTatbn of the oane, Prof. LrvBnaisoa 
proceeds to give his examination of the diseased canes : — 

' 1 may mention that my attention was first drawn to ^is disease in June last I 
su1 jected to n patient and searching microscopical examination the canes submitted 
to mn, but failed to detect anything which could for a moment be considered os the 
oRuso of the disease. The diseased canes were, it is true, affected by minute ftingoid 
growths, but these were not a sufficient cause for the diseased appearance uf the 
jtlant — the presence of the fungoid growths would be accounted for by the general 
weakness and sickliness of the cane. 

‘ The fungi were, undoubtedly, the consequence of, and not the cause of the disease. 
These fungoid growths, although not the cause of the disease, are apparently inti> 
niiitoly connected with the red marks on the leaves, known as the * rust,’ and they 
are found both Gn the affected and on what are considered healthy canes, although to 
a much smaller extent on the latter. 

‘ 'J'heso rod spots or rust marks do not all appear at once, but gradually ; m the 
iii-st instance, the leaves of the affected oane are seen to be covered with a multitude 
ol bniall light-coloured spots. These spota are much more transparent than the other 
jioption of the leaf, nnd are best soon by holding the leaf up to the light. They are 
pnibably caused by the decay, or non-socrotion of the green colouring matter — chloro- 
pliyll , but, in addition to these, red-brown spots gradually make their appearance, 
and increase in numbers until the colour of tho leaf is completely changed. The 
loaves meanwhile droop, become dry, brittle, and finally fall off when touched. In 
other words, they wither away and die, the growth of the cane is of course arrested, 
iiud sooner or later, unless a change takes place, it dies l&ewiae. 

* On stripping off a leaf from tho cane there is usually to bo seen under the leaf- 
scroll, and near to the bud, a patch of dark-red, brown, or purple matter ; thia, on 
close examination with the aid of a lens or microscope, is seen to be resolv^ into a 
number of minute, mure or less cup-like bodies, each with an irregular rim or opening ; 
the opening or mouth is otlon partially closed by flaps, and then it is usually roughly 
ri'iangular in form These little cups are connected together by dark-red and purple 
filaments, which spread over the surface and penetrate m^o the substance of the leaf ; 
many are seen to pass uumpletely through its subetanoe by the presence of corre- 
Hpoudiiig red or rusty-brown spots on the opposite surface. Some of the filaments 
appear to bear spores. 

* These fungoid growths bear a very strong resemblance to a large group of very 
c^ominon microscopic fungi, known as the ^EMiaoei, and they probably belong to that 
order. 

‘h' oar to tho dark-coloured cup-like growths are seen otheie of a lighter colour; 
and again, a little further beyond, ore very light a^d perfectly colourless bodies, quite 
spherical in shape, end fill^ with fluid ; these minute spheres are apparently the 
occidiacei in on early stage, which as they mature become darker in colour; and 
finally, when ripe, burst at the top with an irregular rent, and fom tha cup-like 
bodies already noticed. After they have burst and discharged their contents th^ 
present somewhat the appearance of an empty currant skin ; the iotenuJ anifaca is 
of a much lighter tint tun the external. 

* On that portion of the leaf which is opposite to, and comes in contact with them, 
a brown stain is seen ; and it fbllows that^ as the leaf develops and pushes up past 
the fungi, different parts of the leaf moat suoceaaively oome into contact with thm, 
and thus the whole of any particular leaf of a weak and sickly plant unable to resist 
their alecks becomes, as it were, inoculated with thp spores, which develop and 
thrive at the expense of the leaf-tissue, which is destroyed wherever attacked, as 
indicated by the red-brown rust spots. This is offered as one axplanation out of 
sevwal possible ones, to account for the presence and general diftision of the rust 
spots, but not as an explanatioB of the diwaaed condition of the oane itself, the cause 
of which, as already mentioned, exists elsewhere. 

* The rust spots on the leaves are often seen to have ^it opaii and to have ex- 
truded a minute quantity of a white powdery substance ; a nimilar white powder ia 
also scattered over the surface of the diaeand leaf, and Aha same thing is seen on the 
healthy leaf, bat in much smaller proportion ; this powdsr is probauy of the same 
nature as tha ^hite deposit, geiKmlly ssen at the joints of the cane. Aj might he 
expected, the leaf-cells under the rust patches are seen to be more or less destroyed 
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and to contain a brown-coloured deeonpoBed matter, and through it fUngoid fllamenti 
(njcelium) are seen to permeate. 

* The roots of the diseased cane are by some said to be covered with mildew, bat^ as 
flir as 1 could observe, this does not apn«>ftr to be the case until the cane is utterly 
destroyed, and unde^ihg actual decomposition. I, however, noticed that the rootiets 
are covert with minute white, or nearly white, hairs, which at first sight have mudi 
the appearance of mildew. 

* FeMing upon the ncidiacei numerous minute acari were seen, white in colour and 
almost transparent Along with them were beautifully symmetrical, equally trans- 
parent oviform bodies, which are probably the acari in an undeveloped stage.’ 

Professor Livbbsidob then proceeds to give his analysis of healthy and diseased 


oanes. The following is an analysis of the ash of a dii 


leased Bourbon cane : ^ 


Silica . . . 




. 84‘fil 

Soluble cilica 




•39 

Alumina 




•87 

Manganese protoxide 




. 3*79 

Lime . 




. 6*99 

Magnesia 




. 267 

Potash . 




. 10-84 

Soda . . • 




. 17-28 

Sodium chloride . 




6*50 

Phosphoric acid . 




. 6-78 

Sulphuric acid 




. 9-87 

Kon-ostimated constituents 



1-61 

10000 


He then gives the analyses of a diseased and a healthy rappoe 




DlHeued 

Healthy 



Bappoe 

Bappoe 

Silica 


. 13-60 

60-47 

Peroxide of iron 


. 1*80 

minute traces 

Alumina . 


not estimated *08 

Manganese protoxide 


. traces 

•36 

Lime 


. 1-67 

8-64 

Magnesia . 


, 812 

•20 

S^ 


. ]6'65 
. 29-78 

7-61 

17-76 

Sodium chloride 


. 9-38 

9-27 

Phosphoric acid 
Sulphuric acid . 


. 6-86 

9-44 


. 1282 

traces 

Bon-estimated constituents 

. 2 92 

•67 



100-00 

10000 


The following are analyses of the ash of diseased troebce, very green in colour and 
somewhat deUquescent ; and of the ash of healthy troeboe, of a deep bluish green colour, 
and very deliquescent: — 


Silica . . • . 

Alumina . . . . 

Manganese protoxide 
lime . . . . 

Magnesia . . « . 

Fotm . . . • 

Soda. • . « . 

Sodium diloride . 
Fhosphorio acid 
Bnlphnric add . 
Non-estimated constituents 


No. 1. 

No. 9. 

Diseased 

Healthy 

Troeboe 

Troeboe 

11-86 

2282 

not estimated 

not estimated 

»> 

7-68 

8-08 

4-62 

1-22 

•82 

19-76 

16-06 

86-20 

26-44 

4-60 

6-16 

10-27 

7-84 

4-00 

708 

4-71 

4-04 

lOO'OO 

lM-60 


Analyses of the so& on which both the diseased and the healthy sugar canes had 
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grown wexn made without discovering any marked peculiarity. After exhaustively 
examining the results obtained, Professoi LivaasinaB comes to the following con* 
elusion : — 

* When the crop is an exhaustive one, the restitution may either be made by the 
addition of artificial manures, or the restoration may be allowed to take place natu- 
rally, by the slow and tedious pxoeesi of fallowing. The two processes are not. of 
course, quite similar, but much the same result is obtained. When land is allowed to 
lie fallow, sufficient time is allowed for fresh portions of soil to pass into the state 
into which they can be taken up by the crop grown. This is mainly the result of the 
slow disintegration and decomposition of new portions of soiL Fresh portions of 
soluble matter thus replace those which have been abstracted. 

* But a crop like the sugar-cane cannot well be termed exhaustive, since the sugar, 
which is really the only thing which should be entirely removed from the land, con- 
sists in a pure state of nothing but carbon, hydrogen, and oxygen, and thus it differs 
greatly from tobacco and other similar crops, rich in inorganic substauces, which are 
almost wholly utilised, and are removed, not only from the land, but also from the 
district. It is, however, true that a certain small proportion of inorganic matter or 
ash does go away with the sugar, fur commercial sugar is not a chemically pure pro- 
duct ; but the main bulk of the salts or inoiganic matter taken up by the cane from 
the soil, together with all the cellulose, starch, albumen, and other organic compounds, 
remain in the wa»te products. Therefore, if the waste products be returned to the 
soil, the amount of matter of all kinds permanently removed from the land would bo 
very small indeed, and the land could be cropped year after year, with but little 
dram upon it, and the slight annual loss could be met by the use of a small amount 
of manure to supply the dfficiency. 

* This doilciency will consist partly of organic and portly of inorganic matter. The 
amount of organic matter removed would be much greater than it is were not much of 
it derived by the cane from the carbonic acid existing in the atmosphere. Practically, 
It is found, where the soil is fairly good, that the waste products, supplemented by the 
ploughing in of an occasional green crop, afford quite sufficient organic matter. 

‘ I purposely repeat, for 1 cannot impress this miitter too strongly, that all the waste 
products obtained during the manufacture of the sugar must imperatively be re- 
turned to the land. 

* The megass, which should be returned to the land in the green state, and on 
no account used as fuel, the scum, the dunder, and the refuse washing waters ought 
all to be restored to the soil, and even the molasses, unless they can be disposed of 
at so profitable a rate that other equally good manures can be obtained to replace 
them. 

* All of these substances contain the actual salts and organic matter in the propor- 
tions required by the cane, and they are accordingly of the utmost value and impor- 
tance t4> its proper growth. The organic matter will for the most part We to decay 
bofore it can be assimilated, but then the products of decomposition will exist in the 
proper proportions. 

‘ The megass, together with the trash, should be ploughed into the land in the green 
state, in order that the whole of it may be utilisea ; and as it decays it will tend to 
leave the soil open and porous. The water which enters into its composition will not 
only hasten its decay, but will also serve as a reservoir of moisture, which is slowly 
given out, and will in diy weather become of great benefit to the growing crop. 1 
found in the course of conversation that some of the planters were inclined to attach 
but little importance to the use of mc^s as a manure, because much of the woody 
fibre was found to remain undecomposed after lying in the ground for a year or so ; 
but then this was megass which had been stacked for some time^ and which had con- 
sequently lost much of its soluble matter, and also a very large proportion of that 
which was fermentable. In fact, such megass consists mainly of matter which has 
resisted decomposition ; the matter forming the stack owes its very existence at that 
period to its power of resisting decomposition — all the ready decomposable and there- 
fore most valuable part had either drained away or been vmatilised. The rich dark- 
oolourcd etream of liquid seed draining from every l^h megass heap is proof that 
gryen or new ipegps does contain a li^e quantity of organic and inoj^mic matter 
which cannot piossibly be present in the old megass. From old megass 1 should cer- 
tainly expect that but li^e benefit would be derived until after it had been in the 
ground for a year, or even two or three yean. But by using the megass in its fresh 
state, an improvement would, I think, be apparent during we first year, and as the 
less readily deoompcsable portions underwent gradual decomposition, they would 
slowly become available as plant food ; but it would probably be two or thm yeexe 
before the megass was completely used up. It is by no means a new thing to plough 
in the fresh megass. It was practised oy Wait, the well-known writer upon the 
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ealtiTEtion of the fugar-eane, and othen, with great fuecess, many jeam ago iu the 
Weit Isdiee. 

'If, from circnmatanceB which may exist, the green megass tends to render the soil 
^r, the acidity may bo counteracted by ploiuhing in n small proportion of lime with 
it» bht under orainaty circumstances there will be no occasion to do this. 

* It is a very bad plan to stack the megass, or any manure, into heaps, since the 
richest part drains away ; all the unexpressed sugar is thus lost, and moreover, there 
is a great loss from the evaporation of the volatile constituents ; the greater portion 
of the ummoniacal salts are thus volatilised, plainly indimtod by the smell of a 
manure heap. And further, too often the manure oxidises by such exposure, and 
becomes rank and unwholesome to the plant. 

* The molasses contain nearly all the soluble salts which exist in the cane juice, and 
when the molasses ore fermented and distilled, these salts remain in the dunder. The 
dander contains a largo proportion also of organic matter; one sample which I 
brought away with mo was v«iy rich, and in addition to the organic portion tlieru 
was present a large percentage of salH consisting principally of salts of lime and 
potash, together with phosphoric acid, all of the greatest value as inorganic food to 
the cane pUnt, and yet over 500,000 gHllons of it are annually thrown away. Tbo 
money value of the manure thus sent out to tsoa would bo found to amount to no 
mean sum. 

' To make up for the loss which the land has undergone, 1 would recommend that 
the following manure be applied at the rate of from 4 to 5 cwt. per acre : - 

Bone meal . . .35 parts 

Superphosphate of lime . . 25 „ 

Sulphate of lime . . . 25 „ 

Nitrate of ammonium . . 15 „ 

* Should nitrate of ammonium not be readily obtainable, nitrate of potassium may 
be substituted. Manures, however, containing potash, soda, and magnesia, should, as 
a rule, be avoided for the sugar cane. 

SaocHABOsa Estiwation. — T he accompanying table, giving the results obtained by 
SnHnBLRx’s process upon Goloni<il sugars, by Lothank, may be of interest to those 
chemists who have not had the opportunity for giving tlmt process a fair trial. Mr. 
Botuobo' Frasbb Smith, of Glasgow, who communicated the paper from which it is 
taken to the Chemical News, writes : — 

‘ Owing to the results being uniformly higher than those found by the French 
method, it probably has no chance of being adopted by the buyers of raw sugars or 
those acting for them; but in the private laboratories of refinories the information 
which each a determination of the actual quaucity of sacchrirose present in any sample 
gives may induce some chemists to procure the apparatus. The table will show 
that it is absolutely indispensable to d^ all samples containing more than 2 per cent, 
of moisture previous to treatment, in which case tlie ether will be unnecessary. 
Upon sugars containing much caramel or other colouring matter, an alcoholic 8 per 
cent, hydrochloric acid solution will be found to answer better than the acetic, giving 
at the end a perfectly white product. 

‘ With regard to ^e " amorphous sugar,’' it might be well to wait for more li^ht 
before accepting the existence of such a bodv. The sugar obtained by precipitating 
with alcohol fiem a sample of molasses which has stood for a year without any signs 
of crystallisation presents the appearance of an impalpable powder, and from its 
state of minute division is slightly more soluble in alcohol than the crystalline cane- 
sugar of commerce, containing 99'8 per cent, of saccharose, but on solution in water 
and evaporation it crystallises in the erdinaxy form. Crystalline salts dissolved in 
gum or gelatine behave in exactly the same manner, but no one has yet talked of 
amorphous common salt or nitre. Molasses containing, on dried pmdaot — 


Saccharose . 

. . . 76-50 

Qluoose 

0 41 

Ash ... . 

. 11-81 

Oiganio matter . 

. 12-78 


100-00 


which a friend kindly sent me foom Paris, and said to be derived from the residues of 
the euerate of the hydro-carbonate of lime process,” on being diluted to B. and 
expoeed to a freesing mixture to get rid of excese of salts and sacoharosci the mother 
liquid treated with alcoholic ether (being first concentrated), yields a large crop of 
what 1 understand to be the eo-callra amorphous sugar. But a glass of small power 
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lihowfl diitinct ciystalline faces, and it yields to nmter and STaporation the usual 
result. 1 humbly think that the amount of crystallised su|{ar got from any solution 
of saccharine matter urill be found to depend, other thin^ being equal, upon the 
value which pertains to the figure denoting the coefficient of viscosity. Some salts, 
such as the magnesian, instead of hindering, promote sugar cxystalliaation. In short, 
the salts which take longest when in solution to transpire through capillary tubes 
are those which hinder crystallisation most. Hence the alkaline organic salts are 
the great molasses formers, and hence also the benefit derived from MauouBBira's 
process in the beet fdjriqites, which ad'is sofficient hydrochloric acid to tranaform 
these into chlorides, the other acids being sent off in the boiling. 

* The rate at which any syrup travels through a oapillary tube (a solution of pure 
sugar being 100) will express the crystitllisiiig capabilities of the suj^ containM in 
il ; duo regard being had to temperature, pressure, strs^h, &c., being alike in the 
various (yrinls. Mr. Humphrbt mentions eases in which glucose is present in an 
optically inactive condition ; but so far as I know this never occurs in cane sugaTs, 
but it IS so abundantly in date sugar, and also the sugar from many fruits.’ — 
Chemical News, June 2, 1876. 
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99*90 



Javu 1C . 



08*2 

0*47 

0*284 


0*896 

90*66 

96*90 

99*6 


„ Ifl . 



M‘6 

1*97 

0*820 

1‘8S 

1*100 

91*08 

01*26 

90*7 


M 10 . 



98*0 

2*06 

0*220 

8*00 

1*820 

89*84 

88*67 

99*6 


14 . 



97*0 

1*28 

0*810 

0*70 

0*710 

94*17 

94*88 

90-6 


12 . 



08*fi 

8*00 

imsVm 

1*80 

1*460 

89*80 

88*62 

99*0 


M 11 . 



98*9 

1*00 

0*670 

1*20 

1*880 

90*80 

91*76 

99*1 


.. 8 . 



98*C 

8*00 

0*770 

1*70 

1*080 

80*80 

88*60 

99*1 


.. 0 . 



89*fi 

4*88 

0*986 

2*90 

2*264 

80*48 

82*18 

88*0 
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Surinam 



86*0 

4*06 

1*440 

0*60 

2*410 

70*20 

81*26 

88*0 




87*0 

8*61 

1*190 

0*70 


77*04 

77*80 

87*0 





89*0 

\w^m 


4*82 

1*600 

79*64 

88*19 

03*0 


Bahia . 



86*0 

2*80 

9*480 

4*21 

6*020 

71*00 

81*70 

97*1 


Cuba 



86*7 

8*87 

1*800 

0*00 

4*080 

70*08 

79*08 

86*0 


Madras . 



82*0 

6*10 

8*600 

6*10 

8*100 

68*66 

76*16 

98*0 


Surinam 



90*5 

8*98 

0*900 

8*68 

9*040 

88*08 

84*19 

97*0 


Porto Uloo 



89-0 

8*40 

0*460 

8*61 

8*010 

88*20 

89*91 

98*0 





87*0 

8*10 


4*00 

8*080 

78*80 

78*10 

94*0 

1 Mndi asnd 
j and lime 

99 • 



88*0 

6*86 

8*130 

0*91 


67*09 

72*17 

94*6 

IP ■ 



80*6 

4*41 

1*780 

4*08 

8*740 

78*69 

81*08 

04*0 

Beets: 

1st produot 



98*0 


0*040 

1*10 

0*810 

90*80 

80*26 

99*0 


II 



96'0 


1*080 

1*98 

0*940 

90*60 

91*16 

90*7 


II 



9e*8 



1*170 

2*00 

0*880 

00*66 

91*19 

00*6 1 

• 

9nd produot 



94*0 


1*070 


1*980 

60*00 

66*80 

90*0 


II 



98*0 


1*780 

8*28 


64*80 

89*60 

0B*6 


• II 



98*7 



1*670 

8*00 

1*680 

86*66 

87*68 

00*4 


*1 



90*0 


1*440 

1*88 

1*780 

88*80 

89*64 

09*6 


II 


. 

90*0 


1*680 

1*07 

1*700 

86*60 

89*87 

99*9 


lid produot 


Jj 

87*0 


4*040 

4*98 

8*980 

66*80 

71*18 

98*0 



From numerous experiments, both on flowers of snlphnr and on 
sulphur precipitated from an alkaline poly-sulphide. Signor £. Poxxacoi found that, 
after being fn&A. by washing from everv traee of sulphnrio aeid. and then being ex- 
posed to ^e air in a moist state, they became oxidised, sulphuno aeid being fonned. 
This conversion of sulphur into sulphuric soid takes place veiy slowly at alow tonps* 
zature, gnduaUy at 86® to 60®, and rapidly at 66® to 70®. 

Poutscoi also made experix^ts on the comparative rates at which SicUian sul- 
phur, and that from Bomana, undeiwo oxidation. The flowers of snlphnr srs most 
rapidly attacked, and the GHcitian sulphur the mors slowly ; erarytliiii^ depsuding os 
the poweii of the sulphur to absorb air and moisture.— * On the OxidatMo of Ghit 
l^ur,’ by £. Poixmoi, Oautta Ckmiea ItoRoma^ vol. v. 

Wlieie heaps of iron pyrites, mundio, hava been exposed fbr yeais on the ahandoned 
mines in Oomwall, and especially where it has bM spread cot upon the ssada 
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* For this pnrpote round holer were dog in diemund of about 2*6 m^trei in diameter 
and 4 deeimStrea in depth, in the midet of which the pkconiero piled up the eulnhur 
oree in a high mound, an operation which gener^y took up two days. This heap 
wee aet on fire in the eyening, and in the morning of the next day eo much liquid 
eulphnr hae collected in the outer part of the hole that it can be scooped out and cast 
into rolle— an operation which lasU till evening, and is resumed on the following day. 
^ie process involved little outlay, but the yimd was small. Only one-third of the 
sulphu in the ores was utilised, the remaining two-thirds being diflhaed in the at- 
mosphere as sulphuric acid, to the annoyance of the inhabitants and to the serious 
injury of the adjacent fields. 

* Since 1660 the eliquation of sulphur in Sicily has been materially improved by the 
conversion of the caloareUe into ealMroni. The latter, as the word implies, are merely 
excavations like those described above, but on a much larger scale, and of an improved 
construction. They are large round cavities of a semicircular or semielliptioal section, 
of about lO mitres in diameter and 2-6 mitres in depth. They are ^nerally con- 
trived in places where the slope of the ground renders it practicable to arrange a 
communication from unthuut with the lower part of the ealcarone, the bottom of which 
is made inclining to this point. 

*ThiB external communication, curiously known as la iHorte, consists in an aperture 
1 20 mitre high and 26 centimitres broad. Within the oaloarona is lined with a wall 
of gypsum from 4 to 6 deeimitres in thickness at the back (t.e. the part furthest from 
the opening) but from 1 to 1*2 mitre at the front. The masonry is lined with a 
smooth layer of gypsum, impenetrable by melted sulphur. 

‘ The ealcaro7ie m charged by workmen known as riempitori. They cover, the bottom 
of which is either tho mere ground, or, preferably, a hearth formed of hewn stone, 
first with a layer of finely-ground burnt ore from former operations, upon which 
follows a stratum of larger lumps of ore. Upon this formation the ore is neaped up, 
care being taken to put tho smaller pieces principally on the outside of the heap. At 
the same time tlie outer communication is blocked up with a kind of vault, which is 
built up with large blocks of the poorest ore about its internal aperture. As soon as 
the cavity is filled up to the margin the workmen pile up more ore, forming a mound 
of the shape of a blunted cone, still keeping the larger blocks in the centre and tho 
smaller about tho circumference. By moans of the l^e blocks it is found practicable 
to leave vertical chimney-like openings in vanous places, not too far from the mama 
and esp^ially at the back of the eeUcarone, in order to rebate the drai^bt. The 
mound is then covered with a stratum of finest powdered ore, over whiw follows 
lastly a coating of ground burnt ore, and known as the shirt of the heap (oamwia). 
Before igniting the caloarone the outward aperture is closed with a thin wall of gyp- 
sum, in which small holes are loft at various heights, and are closed during the com- 
bustion with halls of clay. 

' The heat is kindled by means of bundles of straw dipped in sulphur and tbrowii 
into the draught flues. After about an hour all apertures are closed, and the mound 
is left to itself for ei^ht or nine days. Then mingled vapours of water, sulphur, anj 
sulphurous acid begin to make their way through the outer coating of*the neap, and 
around the flues there appears a slight sublimate of sulphur. At the same time the 
barrier of the outward aperture becomes hotter and hotter near the ground, and finally 
red hot. By opening one of the holes which had been stopped with clay, it is 
possible to ascertain whether a sufficient quantity of melted sulphur, olio, as the work- 
men call it, has collected at the bottom of the furnace. Now begins the work of the 
sulphur casters ; with a pointed iron bar they perforate the lower part of the gypsum 
wall, and collect the melted sulphur in moistened moulds of poplar-wood of the shape 
of a blunted pyramid. In this manner blocks of from 60 to 60 kilos, are obtained, 
and are sent to market without farther preparation. The tapping and casting the 
sulphur are not everywhere conducted m the same manner. In some works the 
sulphur is allowed to collect till the end of tiie entire combustjon and run off at once, 
but generally the ealcarons is tapped twi<» or thrice in the conne of twenty-ftmr 
hours, so as to remove the sulphur as it collects. The caloarons is emptied and 
prepued for a fresh ehanre known as seatoaratori by the workmen.' 

SuLTHUH TS WASHoa uouinT, Nevada, U.S. — Some very remarkable sulphur beds 
have rseently been discovered in Nevada. The following extract from a local news- 
paper (1877) gives the best account yet published : — 

* The salpW belt was disoovend a few months since by Thomas WHaaLaa and 
Isaac SrairaaB, of Beno, who were prospecting in that section for cinnabar. The 
depoeits have been opened by outs and ^lafbs at different points, extending north a;^ 
0001^ for a distance of half a mils or more. The snlphnr is embedded in a light 
tokmxedi ohslky appearing formation, stroztgly resembling steatite, which formation i« 
Italf i mile in wiatn, and can be traced nortnevly and southerly for at least a asile* 
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and, judging from the general surfue appearaneee, it is reasonable to suppose under- 
lies tile whole extent of the magnesian formation. The sulphur has been found in 
most of the shafts and cut a very few feet below the surface. On the surface no 
escapes or indications of heat are visiblo, but in all the outs and shafts great heat^ 
steam, and gas linvo been developed a very few feet below the crust. The principal 
rlaim, known as tlie Wumaure and Spkkcbb, has been leased to Jamks 1)ufft and 
Thomas Smith, of Carson City. These gentlemen have commenced the opening of 
the sulphur deposit on a point of the mountain some 160 ft. above the level of the 
flat, having secured for a foreman of the works the services of Mr. Josuph Scott, 
who is probably the best posted sulphur miner and prospector in the State. Mr. 
SooTT opened the famous Rabbit Hole mine in ITnmltoldt County, and has been a 
steady prospector in that line for several years past. The mine at that point has 
been opened to a depth of 20 ft. by running open cuts into the hillside, wide enough 
in which to tom a horse and cart. The cuts show the sulphur to lie in ciystal- 
lised bunches and streaks, intermixed through and through the talc, or magnesian 
bed. Five or six tons of sulphur had been extracted, and lav piled up ready for ship- 
ment, and some fifty tons more were stripped, almost ready fur extraction. At the 
bottom of the pit the heat was great enough to ruin the soles of a man’s boots who 
would dare to linger there any length of time, and the sulphurous gases and steam 
made it a veiy uncomfortable place in whii^ to labour. The appearances show, 
beyond a doubt, that a large and paying deposit of sulphur has been found. The 
sulphur, in its raw state, just as it is extracted from the mine, ass.'iys about 76 per 
cent, of the pure article, and is worth in the San Francisco market ,^60 per ton. 
These beds are within easy reach of the railroads, and if it is desirable a side track 
can be easily constructed almost to the mines. ^ 

* Those hot, steaming beds of brimstone undoubtedly furnish a natimil clue to the 
causes that operate the famous Steamboat springs, a mile and a half to the eastward. 
The formation underlying the sulphur beds is undoubtedly an immense ledge of 
magnesian limestone, fill^ with veins of iron, sulphur, and other minerals. Imme- 
diately in front, and overlying this bed of minerals, is a mountain of hard, syenitic 
granite. Back of it the mountain rises quite abruptly, and tliore is but little doubt 
that some of the small lakes formed by the molting snows on the table lands above 
find outlets through the open rocks into this bed, thus jproducing a decomposition of 
the minerals and releasing the carbonic acid in the limestone, which creates the 

S oweiftil heat of the springs. The minerals are thus sublimated, and afterward con- 
ensed by the cold near the surface and left in the state in which we now And them. 
The first dip of the stratum, at the base of the mountain, is quite steep, and the flow 
of water following the strong inclination of the rocks, evidently passes uudemoath 
the belt of syenitic granite in front, and finds an outlet through the fissures and 
seams in the soft rocks beyond. The damming or closing up at times of these escape 
valves no doubt often confines the sublimated minerals and su^rhnated steam to such 
an extent that it is forced to the surface with great power, which readily accounts for 
the mysterious e^tudation of the sediment and waters which so often takes place so 
fpra^bly, and has attracted so much attention from visitors .’ — Iron Age. 

' 'Safah. — S ulphur is found in Ugo, Echigo, Shinano, Hizeu, Matsu, and Osumi. It 
1 impossible to obtain any estimate of the amount produced, although it is supposed 
be considerable. A large quantity of sulphur is annually eX}torted from Awomori 
to other parts of the empire. 

Minbs of Italy. (Vol. iii. p. 964.) In December, 1876, Consul Ooxkaoei 
made a report to the Home Government on the jyrovince of Forli, in Florence. Flrom 
^W . report, and a previous one made in 1876 and published in 1876, part ii. p. 879, 
we extract the following account of the sulphur deposits of the Romagna: — 

*The sulphur derosits of the Roma^a, which sre of miocene lacustrian formation, 
are situatM amid we sub-Apennine hills, and the mines now being worked in the 
province of Forli are spread over a supe^cial area of 260 square kiloinitFes. The 
putcrop of the rocks of sulphate of lime (gypsum), and those of carbonate of lime 
resting on grey clays or mws, denote the presenoe of the sulphur, which is covered 
wilJi 10 or 12 strata of clays, intercalated with gypsum under various aspects, 
wherever the water-courses have not in part destroyed them. The total thickness of 
^ese strata, to which the sulphur often conforms, is ftom 86 to 70 mktres. The 
direction of the sulphur b^ is generally towards the north-west, osdllati^ between 
22** and 58° KW., except at ^eitiesza-MaiazEana, where the strata lie (70° 
HE.). Here the mineral fome a lode, while at Pi^ppio it Is a mixtore'with UaH- 
stone, gypsum, mmI marl. 

* Fiom a document existing in the archives of Ravenna, in whidi a porisii of ta 
Pietro^ in Sulferina. in the Sistriet of Oeaena, is msntlottsd, the exifteine sf this 
l^inei^ would seem to have been known in the eleventh eentury. In 1844, Ostano 
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Bk PouMTA bought eertAin eitfttes in the neighbourhood of Polenta, hie right to dig 
ibr iulphor being expreeely mentioned. Tho mineral le noticed in the poems of Dabio 
Tibobti in the fifteenth, and of Folbnzo in the eixteenth centuries ; and GnonoB 
Baumb, or Aobicoia, in his nrork on Mineralogy, published in 1646, speaks tvioe of 
the sulphur of Cessna, and praises its quality. 

* A mw of the Pontifical Government of 1610 declared all mines to be State pro- 
perty, and Paul III., aotiDg under it, annulled by brief of 1636 the privilege granted 
^ his predecrssor, Cuemunt Vll., to the Valoris, of excavating sulphur in the terri- 
tory of Cesona. He transferred the privilege to tho inhabitants of that city and 
district, giving them the right of preparing the mineral, and of freely selling the pro 
duos, save to infidels. This gave rise to tho idea that the ownore of land were 
entitled to work any mines that might exist under their property, an intei^rotation 
refuted by the Pontifical letters of GanaoRV XIII., in 1 680, by which the rights and 
dues belonging to the State were recalled to vigour, and thoir imprescriptibility 
established. The brief of Paul III., of 1686, was still in force when tho province of 
Forli was annexed to the kingfdoin of Italy, and has never been formally al>oliBhed. 
In 1866 a royal decree was published regulating tho position of owners or workers of 
rninoH in the province with reference to the Government, embodying the principles of 
the Sardinian law on mines of 1869, which are inserted in each concession granted. 

‘From 1806 to 1870 the industry of which Consul Colnxoui treats does not appear 
to have progressed very favourably, and even the SocirtI dkllb Mikiubb Zoltuubb 
D i Koxagma, of which fxom 1866 to 1864 the pruBts had varied from 6 to 21 per cent., 
the average for the 10 yean beixig 12'60 per cent., was not able in 1872 to pay 
the modest dividend of 3 per cent, without trenching upon its sinking fhnd. The 
company, with its fine mines, has, however, never made a profit owing to the absence 
of a complete network of go^ roods. In 1866 throe of the minee only were easy of 
access for carts Since then considerable improvement has taken place, and branch 
roads, whore required, have been made at the expense of the compnaies interested. 
In 1872 the principal mines belonging to the SociurA. dvilr MihiBbb ZioLVUUKK 
Cksbmatb were purchased by an English companVi 'wuh a nominal capital of 
7>d0,0002 sterling, and a new era of activity commoncod fur the sulphur region of 
the district in question. 

‘ The chain of the Apennines of tJio province of Forli, Pesaro and Urbino, offers a 
large field for the growth of this industry. The total quantity of refined sulphur 
produced in 1874 amounted to about 24,700 tone. The profit per ton of refined sul- 
phur is said to be from 21. to 21. 10s. The sulphur of Bomngna is worth firoin 16 to 
20 per cent more than that oi Sicily, on account of its intrinsic good quality and the 
degree of purity to which the refineries have brought it. The largest part of the 
pr^uotion is used for sulphuring vines, and is readily consumed in Italy. In 1874 
about 2,134 tons of Bomagna sulphur whs exported from the district of Ancona to 
France, Turkey, and Austria, and a certain quantity appears also to have been sent 
overland to the ports of Leghorn and Genoa for shipment. Consul Coutaohi, liow- 
ever, believes that there is very Kttle, if any, exportation to this country. Foreign 
trade is as yet little acquainted with the value of the Romagna sulphur, the produc 
tion of which has not long been brought to its present development. The facility of 
shipment of Sicilian sulphur naturally attracts trade to the south ; but us soon as the 
position of the Romagna mines is bettered in that respect, there is but little doubt 
that the sulphur trade in connection with them will be enormously expanded.* 

Ocmsul CoLifAOHi describee several of the mines, but it appears necessary to confine 
attention to those of the Cbsbmatb SxTLrauB CoMPAinr: - 

* On account of the large works for developing the minee many hands are required 

and about 1,000 men, exduaive of carters, are employed. The men ar^ maintmM in 
excellent diserolioe hj the combined means of regular payment and kind, Imt 
ireatiieDt. The only foreigners at the mines are the managing diroetor and on? 
F^lish mining engineer, all the minara being Italians, and most of them natives of the 
district The men work in three to 24 hours. Each miner is required to boro 
thsee holes in six honra, wh^ whole gang fire their mines together— 

an operation attended with great dimcultj fhom the muss sidphur smoke developed. 
whi(m renders respiration barely poMltfie. The mineral is demred away by 

of oanriers and wheelers, and carried over tramways whioh extend to the beadi^. 
Each miner is paid the equivalent of about Is. fid. per tmaload of 700 kilograms 
(1 Idlegnun equal 2*2040 lb. avoirdupoie), and hie earninn are eetimated at one 
place to be from about 8s. to 8s. 9d. per diem ; to make the latter sum, hnwisver, the 
gann have to unite and work extra time. When etone onl^ ii found and no mineral, 
en fulewanee ie mads, to enable the men to live while working. The firemen are paid 
per ton on the production of the kilns, and their average earnings are about Sfrod. 
per diem, those of the cartere being Is. 8<I to 2f . Id. per dmm. The m«i Uvo 
chiefly on bread, cheese, and vegetablee, eating meat on Simdiyfi. They spend mufh 
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on dreu, and on holidays look like well-to-do people ; they driuk wine freely, but no 
spirits. They are mote perseTeriug at work than Enfflish workmen in cases of 
urgency, and ma^ of them have remained undergre^d for 24 consecutive hours 
when required. They are very obstinate in using weir own tools and in working in 
their oern way, and are accustomed to emphasise each stroke of the borer with their 
voice. These miners of the Komagna are quarrelsome among themselves, and ready 
with their knives ; as a general rule they are superstitious, and are convinced that 
the spirits of those who have lost their lives through accidents in the mine hover 
about the works underground. The compiny have a store at the mine for the conve- 
nience of the men ; but this hettolino, or tommy-shop, is on a better system than it 
was under the old manugempnt before the days of the English company. The wages 
are all paid in money, and the men are free to spend their earnings where they choose. 
A mutual relief fund has been established to assist the sick and wounded, and the 
widows and children of the men who may be killed. The company grants pensions 
according to the emergency of 4 each case, but levies 2 per cent, on the men's earnings 
for the support of the fund, as well os towards the maintenance of the doctor, 
inflnrary, &c. 

* The SoGiBTA DBLLB MiNiBRB Zoi FUABB Di EoMAONA WAS established in In 

1872 this company’s mines produced 68,412 tons of mineral, which yielded 7,873 tons 
of block sulphur. In 1871 the mineral produced was 68,108 tons, and the yield in 
black sulphur, 8,278 tons— the difference in product between the two years being 
caused by a falling off in the quality of the mineral extracted. Among the company’s 
mines, those ut Maruzzana and Perticara are the most extensive ; the latter, indeed, 
is one of the most celebrated and important sulphur mines in Italy. Mineral in len- 
ticular masses avemges 16 per cent, of sulphur. In the midst the gypsum, the 
lower regular stratum, 2 metres thick, averages 12 per cent, of sulpuUr. 

‘Works in 1874: — Galleries, &c., 6,800 mHros ; facings, 240 square metres, 
depth, 242. The interior works are conducted by a system of galleries, supported by 
pilasters, and they communicate internally with the Marazzana Mine. The Perticara 
Mine has been worked for 160 years, and, the works being deep and water present, 
the cost of extraction is hoav'y ; compensation, however, is found in the excellent 
quality of the produce. The two mines of Marazzana and Perticara may be valued at 
nrom 30,000 to 86,000 tons of mineral per annum ; the proportion of black sulphur is 
from 13 6 to 14 per cent., which would give about 4,000 tons of retined sulphur, 
taking into account the loss of 6 per cent, for refining.' 

We find, upon referring to the Peports of Her Majesty's Consuls on the Manufacture, 
Commerce, &c., of their Consular Districts, that Mr Consul Guamt, in his detailed 
statement of all merchandise exported at Venice in 1874, 1876, gives the value of the 
sulphur exported in Italian livrrs — 

1874 . . . 705,7o0 • 1876 .. . 804,978 

Grbbch.— The island of Milo in 1876 exported 379 tons of sulphur clay, which was 
consumed in Greece and Turkey. 

Thb Sulphur Bros of tkb Islard of Saha. — We have recoive<l an inte- 
resting description, by Professor Qkssrkr, of a visit made by him to the sulpbnr 
beds of the island of Saba. He says : — ‘ Our destination was Spring Bog, where 
the beds of sulphur bearing gypsum show their greatest outcrop, aud Great Hole, 
which adjoins it. The men were engaged in removing the overburden, some 
eight feet of sand and gravel, when we arrived, and in breaking down the crude 
brimstone from the face of the bed, which is forty feet in thickness at this 
point, and extends into the bill under the volcanic cap for an indefinite distance. 
Going towards Flat Point, which lies between Great Hole and Spring Bog, and 
descending the cliff a little, one can obtain a view of the face of ^e vast lied of 
brimstone, which shows the yellow features in all the places where the overburden 
his been reanoved, and in weather-worn places etaade out distinctly. At one place 1 
fissure nearly two feet in width, lined with yellow crystal so far as we could see, was 
sounded with a line for forty feet. The mass of the bed it gypsum, bearing mlpbur 
to a greater or lees degree^ 60 per cent being the average of sulphur, in many 
places masses of sulphur quite pure, and resembling meltM brimstone poured into 
irregular moulds, could be hod hundi^s of pounds in weight. The fiz«s died out in 
8abi so long ago that the sulphur-beds are perfectly cold, and no gases arise to inter- 
mpt the working of the sulphur quarry, the workmen caring on their opemdons !■ 
easily as if in a bank of stiff clay, we trace the bed to ]^t Point, and agree M to 
what Spring Bay will show when its outcrouc have been explor^ with and 
■hovel. We disense the shipping faeilitiee, and agree that a wire tjramway mm the 
edge of the qnsny to Green Key will be the way to do the transportaw to the 
lighters. I hare seen what I believe to be one of tlie lflvg<*st, and certainly the 
rieheet and most accessible, deposite of brimstone in the world.' 
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Mr. G. G. Blagkwill sends us the following :•>- 

Analyau qf Saha Sulphur, 


No. 1. 

Sulphur 80*67 

SilicAte and sulpliate of lime . . . 14*90 

Water 4*63 

100*00 

No. 2. 

Sulphur 76-81 

Silicate and sulphate of lime . . . 20‘ o6 

Water 3*03 


100-00 

Chamioal JVeuw, toI. xzzi. No. 81 1, p. 262. 

suusumaTTBS omoAMxa oo&ontnro mattssb. See DniMo. 
* OaoiBsaxT and BnaTomniBB find that each of the solid dye wood extracts contains 
the tannin peculiar to it, and gallic acid ,* the decomposition extract of tannic acid 
^elds, when heated to alraut 260° C., metagallic acid. They make use of this reaction 
in the case of logwood extract, and have obtained, with liberation of carbonic acid, a 
black voluminous body insoluble in water, easily soluble in alkalis, precipitated by 
acids in brown flocks, and giving, with different metallic salts, differently coloured 
precipitates. 

*Tne alkaline solution of the substance thus obtained from logwood extract 
possesses an uncommonly strong attraction, as a dye, for vegetable fibre. It is well 
kno-wn that if other organic substances be subjected to the action of alkalis at high 
temperatures, an oxalate is formed. If, however, sulphur be introduced, it either 
enters into combination with the substance, or unites with a portion of the hydrogen 
and, as sulphuretted hydrogen, escapes. In either case, from almost all organic 
substances, new bodies are formed, which fix themselves on vegetable and animal 
fibres without the need of mordants, produmn^ good tints, which are perfectly fast. 

* The discovOTers find that the most dissimilar substances heated in clos^ vessels 
with the sulphide or the polysulphide of sodium give rise to similar colouring bodies. 
All the dyewood extracts, humus, saw-dust, tannin, paper-cuttix^, bran, flo^, blood, 
glue, excrement, urine, and woollen and silk frag^nts, yield colouring matters. 
These form themselves in the shape of a bulky and more or less dark-coloured mass 
by this treatment. Within the limits of 200° and 300° C. the increase of tempera- 
ture improves the solubility and the beauty of the product obtained, and also its capa* 
city fbr resisting the action of light. 

‘ All these dyee are very hygroscopic, and they must be preserved in well-closed metal 
boxes. After four or five months exposure- they become insoluble and useless. A 
dye bath prepared from them should be used as fresh as possible, and exhausted 
before leaving it The colour may be entirely withdrawn from ihe solution by vsgo- 
table or animal fibre. ^ 

* The water with which the solution is made must be free of lime. The colouring 
matter is precipitated from ita solution by acids, but the precipitates are re-dissolved 
in alkaline solutions. 

* Bichromate of potash acts as an oxidising agent, and this salt serves as an impor- 
tent agent in fixing these colours on yam or cloth. The colours so fixed are proof 
against adds, so that ink spots m^ be removed from the dyed goods by oxalic add, 
without iignzy to the colours.’— (Aoisiawr and BsifioifirukaB, in BufouB’s PqU/t. 

oexv. 

•mirainuo ACXB. On the Ham^aOure qf Vitriol in Bohemia. By E. V. 
Jahm. — ^The raw material of this peculiar branch of mineral industry is furnished by 
the slates of the Pnibram group of the Lower Silurian strata, which either resemble 
the older asoie echiets forming the so-called barren slatee, and are to eome extent us^ 
for rooflim puipoaee, or contain carbonaceous matter and pyrites (the latter mineral 
TBiying in amiount from 1 to 81 per cent.), forming the iOH»lled alum, or more 
property Titriol, aobiate.^ Although called a schist, it is emutialty a satidftone or 
^[tUfftsHe, containing about 12 per cent, of pyrites and sulphate, 8^ per cent of coaly 
Buhitance, 76 per cent, of silica, and only 1*2 per cent of ^umioa, which composition 
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euiBciently accounts for the circumstance that the alnm works started at this place in 
1678 did not flourish. These are distinguished from the barren or rooflng slateB by 
the darker colour and higher specific gravity, and occur in beds of usually considerable 
sise, or from a few feet up to 20 fsthoms thick underlying the coal measures of Pilsen. 
By exposure to the action of air and water the p 3 rritic constituent gives rise to sul- 
phates, and if the schist is sufficiently aluminous it can be used for alum-making, but 
if, as is the case in the Filsen district, the proportion of alumina is small and that of 
pyrites large, iron sulphates are product m quantity, and the material is then 
utilised for the production of copperas, sulphuric acid and iron colours. The original 
seat of the mammcture of sulphuric acid was in Bohemia in the sixteenth century, 
whence it spread to Nordhausen, in Saxony, and the Harz, and although the name 
Nordhnusen acid is still kept up, the production has long since ceased at that place, 
and the manufacture has returned to its original home. The revival of the process in 
Bohemia is due to the late J. D. Starcx, who founded small works on the Saxon 
frontier in 1792, which, the^ gradual addition of other factories and collieries, has 
resulted in a group of establishments worked by the same firm, the produce of which 
in 1873 was valued at 463,000/., and included about 400,000 tons of coal and 26,000 
tons of vitriol and allied substances. The principal deposit is at Haomic, where a 
bed of 120 feet thick ie worked in open cast, the average thickness of cover being 
about 1 1 fathoms. The bottom of the present working is about 23 fathoms deep, and 
it is intended to carry it about 7 fathoms deeper. The available amount of material 
is estimated at 9,600,000 tons, of which about 660,000 tons has been raised during 
the last thirty-five years. The ore, when raised, is broken to a uniform size by rock- 
breakers, and arranged upon floors in terraced piles, channels being made through 
the more regular intervals both in vertical and horizontal direct' ons in order to 
promote atmospheric oxidation and facilitate the WMshing out of the soluble salts 
formed. Eor the complete decomposition or weathering of tho schist about throe years 
are required, the operation being facilitated by the addition of water, which removes 
l^e sulphates, foiming a brown lye whose density is from 18^^ to 20° B. This is re- 
ceived in open storage casks, whore it remains fur a greater or less time according 
to the requirements of the boiling-house, tho strength and proportion of ferric salt 
becoming slightly increased by evaporation and oxi^tion. The lye is boiled down 
in open pans sot in a reverberatory furnace, the fiamo passing over tho surface of the 
liqum. When sufficiently concentrated f40° B.) the ashes and soot deposited on the 
surface are removed, and the liquid is boiled down to the consistency of treacle in 
iron puts, which, when run out on tho floor and cooled, form the so-called crudo 
vitriol stone This contains a large quantity of unaltered ferrous sulphate and water, 
and is heated in a reverberatoiy furnace to drive off the water and decompose the 
ferrous salt, whereby it is converted into calcined vitriol stone, which is essentially 
anhydrous ferric sulphate. At Hromic about 2,600 tons of this substance were pro- 
duced in 1872, the amount of schist raised being 20,000 tons, about six years' supply; 
about 1,000 tons morn being made at the smaller mines belonging to the firm. IVi 
produce 1 ton of calcined vitriol from 6 to 20 tons of schist are required. The best 
results are obtained from schists in which the pyrites are finely interspersed through 
the mass and not in well-defined ciystals, as the latter ore not liable to decomposition 
and mav be removed unaltered after several years' exposure to the weather. Tho 
calcined schist stone is converted into fuming sulphuric acid foil of vitriol) by distilla- 
tion in clay retorts arranged in series in ^e so-called gaUexy furnace. The yield 
varies with the quality of the atone, the best giving 6U per cent, of ' oil,' while if the 
calcination is not properly done it is as low as 83 cent. The work is divided over 
twelve establishments, containing 120 furnaces, hlacb furnace contains 4 horisontal 
rows of 84 retorts, each projecting from the face of the longitudinal wall, which are 
placed back to back with a similw series on the corresponding wall, Above these is 
a series of 84 lazge retorts open at both ends goinjg right across the fumaoe, and 
having a receiver adapted at either end. The smaller retorts are clay bottles with 
wide necks, into which are placed the necks of the receivers, which are soffioient 
capacity to receive the product of 4 or 6 distiUations, the joint being luted with day. 
The fumaoe therefore contains 272 small and 84 lame retorts, with 840 receivers. 
The average charge is about 14 lb., the heat beiii| slowly raised, the lower row of 
retorts being red-hot in about 4 oouni, up to vriiich time they are left open in order to 

S remote the formation of ferric sulphate. The receivers are then attached, and am 
Ued either with 15 ozs. of rain*watw or an equal amount of English nr ehi^W acid 
of 60® B„ in which the vapours of anhydrous sulphuric acid are condensed. In 
the foimer case, which is followed when a pure product is required, the chom in the 
retorts must be renewed four or five times to obtain fuming acid df 79® B., hut 
when chamber acid is used the product is brought up to 80® by three or tshsffgts. 
The Bumber of retorts ooasumea annually is 724,000. and of receivers 40,000, or 
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on«-half of the (ntantity formerly required. When the acid has attained the neoeesary 
ronoentratioo, i^ich ie determined by the lapidity with which a eplinter of wood ie 
blaokened, it is poured into clay bottles, where the muchanioally intermixed impuritiee 
.are allowed to settle, so that the clear acid can be drawn off. When the spedde 
gravity is not suf^iently hi^h, it is (•ometimes brought up bv adding anhydrous sul- 
phate of soda, a practice which is, of course, detrimental to tue interests ^ the pur- 
chaser. When eoamber acid is used fur condensing, the product is affected by the 
impuritieB of the former, so that it may be unfitted for use where great purity is 
required. The residue in the retorts, known as oolcotbar, eaput mortuum, rouge, dec., 
IS locally called colour {harva\ is scraped out after each distillation, and is of oifferent 
tints according to the temperature at which it is produced. Formerly it was 
unsaleable, and accumulated in heaps round the works, but by the adoption 
of a special treatment it has been converted into various kinds ol red paint and 
rouge, of which from 1,100 to 1,800 tons are prepared yearly, nineteen shades 
and forty-one classes of colonr being prepared. The principal consumption is in 
Hamburg for colouring iron ships. In 1872 there were produced from 2,928 tons of 
calcined vitriol stone, 1,720 tons (68*4 per cent.) of fiiminff acid, and 086 tons (83| 
per cent) of caput mortuum. The raw material from the retorts, after grinmng 
between French burr-stones, is reheated in clay tubes with an addition of common 
salt. Yellow tints are produced, with 2 per cent, of salt, by heating for 1 hour and 
slowly cooling ; brown with 4 per cent., and violet with 6 per cent., the material 
being heated for 6 hours and rapidly cooled. — Oesttfreichitohe Ztittehi^t fw Birg- 
und Huitenwesev, vol. xxiv. p. 497. 

BUVBKPK 08 VBATBB. TRB MAarDTAOTUmB OF. M. CloIb gives a 
report in the Bulletin de la SooUU (VEncourageTnmt pour V Induslrie Nationdlet No. 17, 
1675, on the superphosphate works of MM. D^icublkt and Thibault. In this estab- 
lishment the phuBphates are mixed with the acid in closed vessels, from which the 
noxious vapours nre drawn by an aspirator ; they then are made to traverse a tower 
filled with wot coke, and pass finally into the chimney of the works. 'The phosphatic 
minor ila employed are those of the Lot, the Ardennes, and of Estromadura. These are 
ground and silted for uso, and it is said tlmt the vapours given off by the phosphates 
from the Lot yield a small quantity of iodine. 

BVBVBTSf MXirB. An improved Method of Measuring in Mine Survige, hg 
Egkjlby B Coxb, Drifton, Fa. — *In making surveys in the anthracite coal regions of 
Pennsylvania, the ordinary engineer's chain (50 or 100 feet long) is generally used, 
both above and below ground. Sometimes, where it is dififlcult to chain, as, for in 
stance, across n chasm, a wire is stretched from one station to the other ; the distance 
18 marked on the wire and its length is then measured with the ordinary chain. 
Having hod occasion lately to make some surveys whore it was noceB«ary to determine 
with great accuracy the position of the land or property line, not only in the gang- 
ways or levels, hut also in the breasts or chambers, the coal on the north side of the 
line belonging to one party and that on the south sid^ to another, and as it is very 
difficult to measure up the breasts or slopes with accuiucy, and to make the proper 
allowance for the piten of the vein (the true bo^sontal distance being, of course, the 
]iroduct of the distance measured with the chain by the cosine of the angle of iucli- 
iiation of the chain), and as the ordinary method of chaining up or down steep slopes 
on the surface, by holding a portion of the chain horizontal and plumbing down from 
the high end, would in must cases be very difficult and dangerous, ana sometimes 
impracticable, I determined to adopt a new plan which would do away with most of 
the above difficulties, and by which 1 could eliminate many causes of error from mjr 
ordinary chaining. 

* My first ideiv was to have a fine steel-wire rope, about 3()0 feet long, stretched an 
much as possible in making, so ae to do away as well as I could with that source of 
error, and then to have it g^uated eve^ 10 foet. I proposed using small brass 
tags of different shapes to designate the different hundred feet, thus : — 

0 — 100 a triangle. 

100>-200 a square. 

200 - 800 a circle. &c. 

‘ The numbers of the 10 foot epacos were to be m.irked by drilling small holes in ttie 
tags. I intended to use this for the principal lines of my surveys and tb use 
chain only for lines which were not of great importance. 

* ’l^en 1 called upon Mr. Hbllbb (of Hieller and BRinHTLT, the instrument makers, 
of Philadelphia) to order this measure, he suggested that it would be batter to use 
instead of a wire rope, which would stretch, the bands which are manufactured ibr 
hoop skirts ; they are made of tempered steel, are very light, and will not stsstck 
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sensibly. After consultation vith hiiUy I decided to tuiTe the tape measnre con- 
struoted which is now before you. It is 600 feet long and weighs 3 ib. 7} oas. It is 
a ribbon of tero^red steel, 0*08 inch wide, 0*016 inch thidc. At each 10 feet a small 
piece of brass wire is soldered across the tape, the solder, which is white, extending 
about 1 inch on each side of the wire. In the latter a small notch is ^ed, which 
marks the exact spot where the 10 feet ends. The exact distances from the aero 
point of the tape are marked upon the solder by countersunk figures. The white 
solder enables one to find the 10 feet notches very easily, and, no matter how dirty 
the tape may be, by wiping off the solder with the finger, the distances are easily 
read, as the countorsank figures, being filled with dirt, stand out upon the white 
ground of the solder. The 0 and 500 ffet marks are not at the end of the tape, but 
near it, and are also denoted by a notch filed in a wire soldered to the tape. 

* The tape is wound upon u simple wooden reel, 10 inches in diameter, which is hold 
in one hand and turned by the other. At first some difficulty is experienced in 
winding up the tape, but a little practice soon overcomes it. Two brass handles, 
which con be detached, accompany the tape and are carried upon the reel. 

‘ Description of a Survey made with the Tape. —The instruments used were one of 
Hbli.bb and Bkiohtly's new 1 1 -inch transits, two plummet lamps, the 600-feet tape, 
and a 6-feet wooden rod divided into feet and tenths. The latter is used to measure 
the distance from the nearest 10 feet to the station There were two closed sets of 
lines or surveys, one set entirely above ground, l>ut through the swamps and brush of 
the anthracite coal region, and one partly above ground and partly in tne mines. The 
latter began at a point in the swamp, went overground 2,400 67 feet to the mouth of 
the slope, then down the elope (pitch 37®), 276*99 foot (horizontal distance), then 
along gangway 4,272*01 feet, which formed one-half of an ellipse, then up througii 
a breast (pitch about 34°) 276*44 feet (horizontal distance) to thr bottom of an air- 
shaft, then bv two plumb lines to the surface, and then through the swamp 141*83 
feet on the surface to the point of beginning. The length of the periphery of the first 
closed figure was 6,660*19 feet ; that of the second 7,366*84 feet. Tables 1. and 11. 
■how the details and calculations of the two surveys. 

' We see that the total errors were in the — 

Bine Cosine 

First case + 0*29 0*00 

Second case — 0*02 -f 0 62 


* This is very accurate work for this kind of mine surveying. We made three other 
surveys on the same property with equally good results. 

' In measuring witn the tape it is better to have at least three men, one at each end 
and one to take off the distances and note them. The hind chainman should be a 
reliable man, ns he must hold ' oe zero point of the tape exactly at the nail in the 
stake, or alongside of the cord to which the plummet-lamp is suspended. The front 
chainman has merely to stretch the tape and to see that it passes exactly over the front 
station. The third man, who carrisf the 6-feet rod, starts from the rear station and 
notes the distances of the breasts, &o., as he goes along until he arrives at the forward 
end, where he notes the distance of the station from the lost one. In measuring 
distances of over 600 feet a temporaty station is made at 600 feet exactly in the line 
to be measured. 

' Advantages of the Tape, — First, greater facility in measuring up or down slopes, 
breasts, &c. S^nd, greater accuracy in measuring from one station to another, as 
the tape forms a straight line from one station to another, and as there is no error 
from the use of pins. Third, the tam does not stretch appreciably. 

* Disadvantages. — First, it is liable to break unless carefully handled. Second, it 
is noeessaiy to roll it up and unroll it, when the distances between stations vary 
much. 

' The tape can be easily mended by any watchmaker when it breaks, and Messrs. 
Hbujib and Bbiohtlt make a small sleeve of brass, tinned inside, in which the ends 
of the tape, when broken, are slipped and then soldered fast by merely heating the 
sleeve with a red-hot poker. They also have little brass clamps to fasten on the 
tape to mark any point which is to be used several times. 

' When the men become acenstomed to the tapd they wind it up and unwind it tsry 
onickly. 

‘ ITxere are three sources of error which may be referred to, viz. : 

* 1. The extension of the tape stretching. 

* 2. The shortening of the tape in consequence of the tape assuming the fbnn of tho 
catena^ curve. 

* 2. Ae contraction or expansion dns to the change of tempemtorg. 
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*Am itetod «bof«, tlM tope does not stoeteh eppreetobW, but th(s ertor being to tho 
opposite diMetkni ia^ to n oertoin estont, oompensated tor the shortening duo to 

TabuL 



the ftmotion of the ootenaiy eurve by the tope. I sutgoin e toble, ealoBlsted hy my 
osoiitoot. Hr. Bdoab Kuoucb, showing the shortening of the tope due to tho btUw 
eiuse. The tension in pnetiee is from 80 to 40 lb. 

* Aeoording to the table giren by Haswili. for the expansion of steel, a tope msaoure 
IMKl feet long at 82* Fahr, would beoome 600’0 feet long at 212*, so that a TviatleD 
Vdi,IV. 8K 
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u£ 60^ in tamptmtue would only aauia s Tsriatioa of two-taoths of a foot in 
60(Kfott tapa. 

Tablb UI. 



True Distaaoe when Tape le euMeoted to a Tension of (or Oord of the 
Oatonary (htrve tormod tqr the Tape)— 

101b. 

901b. 

801b. 

401b. 

501b. 

001b. 


99*0804 

109‘9168 

2907143 

399*3268 

498-6776 

990974 

190*9791 

299*0294 

800-8327 

490*8782 

99*9088 

199*9907 

299-9687 

809-9260 

499-8661 

99*9908 

199*9948 

299*9824 

899-9683 

409-9186 

99-9996 

190-0067 

290-0887 

809*9733 

490-0479 

90-0997 
190 0077 
290 9022 
399-9816 
499-9688 , 


* In condusioDp I would adviso the uae of the tape for all important work, while the 
chain should be need for filling in details, and where aocuzacy is not absolutely 
necessacy .' — Trontoaiona of the Ameriean Insiiiute of Minify JSnganeen^ toL ii. (See 
Dialumo.) 

•mramra KOT-B&AST STOVU. (Vol. ii. p. 956 ) in Iron and 
■S raBL, Mr. CowEaB's hot-blast stoves are described at p. 461 ; Mr. CIbosslbt’s hot- 
Llast stove at p. 463*; and Mr. Whitwrll’s is fully illustrated in vol. iii. p. 061.) 
The following description of another variety of hot-blast stove is by Mr. John 
Birxinbinh, of Philadelphia : — ** 

*The apnaratus at present most prominently before motallurgists, in connection 
with heatea blast, is the IVkitwhix stove, and it is fully entitled to the credit given 
to it, but, unless the increased temperature attainable with the firebrick stoves be 
practically demonstrated to be of sufficient value to compensate for the additional 
first cost, the expense of construction will prevent their general adoption. The erection 
of Wbitwxll stoves, sufficient to maintain a uniform temperature of a hot blast, 
will, at the present time, cost about two-and-a-half times as much as well-constructed 
pipe-ovens for the same fomace. 

* Much of the trouble with pipe hot-blast stoves originates in defective construction 
and want of care in operating them. Daring a visit made last year to a prominent 
Western fomace plant, the writer observed a syphon-pipe hot-blast oven being turn 
down after a short blast. The pipes were, to use the founder's expression, " very 
drunk," and the oven was in very bM condition. An investigation left little room for 
surprise. The gases were discharged from the downcomer into a small masonry 
channel as an apology for a combustion-ebamber, which was not supplied with any 
air-regulating apparatus, and the flame, in some instances, impinged directly upon the 
pipes. An examination of some of the broken pipes demonstfatod that thejr were 
imperfectly cast of inferior metal, the diell in one instance being two inches thick on 
one side, about half an inch thick on the opposite side. It is in the comparison 
with such constructions that the porroanenoy of the firebrick stoves appears to great 
advantage. Where the pipes are made of good metal, cast in dry sand, with cova and 
mould cooeentrifi, and set in ovens well built and stayed, provided with a propor 
combuction-chamber, and gas-bumere nnder perfect control, so as to obtain a thoioagh 
combustion and fill the pipe-chamber with a highly heated atmosphere, the Hpparatns 
is by no msans a tempo»uy one, and may be run for yeiM without renewals or rejMirs. 
As an instance, the oven at one of the furnaces of Gaovn BaoTBaas, at Danville, to 
which, tha oonftmation-chamber was first applied in 1860 (fifteen years before it was 
patented >n England), is still in use and ui fair condition. Unless some means are 
found of greatly reducing the flrat eoet of the firebrick etovea, our ftimacea will con- 
tinue to depend upon pipe-ovens ; and it is my privilege to invite your attention to an 
improvement, which, 1 believe, will do much towards cheapening the coat of construc- 
tion and maintenanee of iron-pipe hot-bleet stovee. In its presentation 1 desire to 
say that, believing the aubjeot ia of great intereet, 1 obtained foom the inventor 
privilege of presenting it here, and thns subjecting it, in its infancy, to the ceodid 
criticism of many of our best irouworkere. 

* 1&. Wbmeb^ oven contains eighteen U IspM, 90 ft. long 2647). The erose- 
eeotion of the pipe is an elUpee, 12 1^ 4 In. inside measurement, ana the heating 
eiirfoee.of each pipe 109 so. ft. The usual bed-pipes are dispeneed with, and the U 
pipes are enspendM from tne top of the oven by means o^suepensinn bcdti and beeae, 

* To overcome the difficulty of maintaining a uniform heat ip the opmhultiOn- 
ebambtr, two.dmmbam are us^, each 7 ft. high, 8 ft. udde, and 10 ft. lon|h^^* 
ailing the chmber and increasing its height having proved effieaeions in egaalisiiig 
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ite tanpanitan. Btiito tiM nraal % 9vnm of 1 la. air-pipto are mallod lata 

the ■M— of the gae-diambeM, to that the air maj be thoroughly diftieed throughoal 
the man of gee eiq^ied to the chamber. 

< There do bed-pipee to iaterferi with the atraDgemoai pf the fluee oonneotiiig 
’ the oombuetioa and plpe^emberfi they oaa be arranM ao ae to give a uoiform 
dietribution of heat in the pipe-chamber. Theee openTnge are made 6 in. iquare. 
The pipe-chamber ie aleo diTiOM into two compartmenta, each of which ia*4 ft. wide, 
12 ft. l^g, and 24 ft high, placed abore and oommnnicatiiig with ita own oombua- 
uun chamber, entirely independent of ita neighbour. 


2647 



* Thia arrangement ubriatea the diflictiUy of the hot and o<dd aidea of the atore, 
and prerenta the heai( ftom becoming exoeaaire on either aide. There are no doom to 
the pipe^amber, a few exploeion-TalTea and aight-holea, the latter noting nlao aa 
dmining-bolea for removing duat by ateam-jeta, alone bre^ng the oontinnity of the 
walla, whi^ are made 22 in. thick, to prevent aadiation and to aupport the weight of 
the pipe and maine. 

* On the top of the front end well a abort main 12 in. >c 14 in. x 0 in. la placed, 
having on one aide a connection for the oold-blaat pipe, and on the oppoaite dde 
three mnchea eorreaponding in croea-aection with U pipea. To theae bra^aa three 
rowa, each of three U pipet, are connected, and extend acioia the oven to a longer 
main placed on the rear end wall. Thia main haa aix bxanohoa, three in eaoh obamW, 
the blaat paaaiiig into it from the tb^ rowa of pipea in one ehamber, and out of it 
into the three rowa of pipea in the adijoining ehambw, and through them into a short 
three-btanoh main eonneeted with the hot-blaet pipe. The hranehee of the aiaina 
and the onda of the U pipea have flangea whioh are planed to a true aurflace and eon- 
neoted by meana of kaj^olta. Luga are cast on the top of oaeh arm of the U pipea to 
whioh anapenaion-bolta ore aecnred ; theae bolta paai throng eaddlea or waah^ reat- 
ing upon diort 16 in. X beams, anppoited «pon the aide waUa of the ovan. Tha onHro 
masoo^ of die oven ean thwefOTe beoonstnj^ed before the pipea are placed faijpoeition. 

'ftiat below the oonneeting flangee of the U pipea, email prmaoting coiUna are 
caat, upon whu^ (after the pipea are placed) five bndta are laid, forming a root and 
proving the jqinta from the action of the heat On the top of the aide waUa an 
&on waU^plato la laid, which can be oondnued from one atore to the other when they 
are in a row. Thia plate ie east with a prdecting rib, ao at to form a rail, upon 
whidb iHiahls of a truek carrying aerana or derriek may mu. By thia maaaa a pM 
whi^ may have baooma damajkl. oaa bo vaadily renumad and another put in ita 
plato In a abort time. 
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* Bttt, from the eomtraetioD of the etoree, the neeeeeitj of frequent nnewsle ie not 
probeble, for the pipei ere placed to eustain the greateet amount of heat with the 
leeat pomihle fhiigiie on the metal ; their pendent poaitiona and awelled bottoma have 
a tenoency to keep them atraight and prevent warping, the aweliing a^ plaoin^ a 
aurplua of metal where oxidation ia the moat deatructive, tberd)j aiding in equaliaing 
the life of the entire pipe. 

* In theae ovena tnere ia no metal in the lower oxidiaing atmoq)here in the pipe* 
chamber^ the 1x)ttom of the pipea being 4 ft. above the floor of the ehamber ; hut, on 
the eontrarj, the heating aurfaeea of the pipea are thrown into ^e upper and niore 
uniformly heated portion of the pipe*chamber, which, in the ordinaxy atanding pipe- 
atovea, ia neoeaBaruy left vacant 

* Aii^i^ the additional economic fe^nrea of theae atovea are the following 

* There being no bed-pipea, there ia a correaponding decrease in the weight of 

caatinga reqnixw. « 

*The abaence of door openihga aimpliflea the maaonry and leaaena the caatinga 
required. 

* There being no other duty upon the arch over the combnation-chamber than that 
of a dividing wall, conaiderable ataying can be dispensed with. 

* The convenience of removal, by merely rmnoving a section of the brick or tile roof 

(^whkh rests upon the collars east on the U pipes), and driving out the keys of the 
aesired pipe, will materially lessen the cost of necessary repairs .’ — Tramaetions 
tAe Ammean qf Mming Enffineera. 

STXiTAWZTa. One of the names given to an ore of tellurium found in North 
Carolin a. 

BTZiVXW. A chloride of potasaiam. The colourless crystals have been found 
in the salt mines of Stassfurt, Prussia, and with them a blue va^ty. Yellow and 
rose-red crystals are also found. — G-. KBAUsn, Arch. Pharm, See Glossary qf 
Mineralogy, Bristow. 

BTBIPAIiKOaSAVX* This is the name given to a machine for drawing and 
illustrating XixesAJoua* curves. In the Annales do Chimie et do Physique, 1867i 
H. Lissajoos describes his machine as follows : — 

* The problem of whidi I have undertaken the solution is the following : To compare, 
without the help of the ear, the vibrating movements of two bodies in such a manner 
as to know the exact relation of the number of vibrations that they make in the same 
time, as well as all the circumstances which, during the continuation of the phe- 
nomena, characterise their relative movements.* 

Briefly stated, he accomplished this by setting two tuning-forks vibrating at right 
angles to each other —that is, one mounted vertically, the other horiaontalTy. Both 
were provided with small mirrors, and a beam of light was projected on to one mirror, 
reflect thence to the other mirror, and from the second mirror sent through a lens 
on to a screen. The resnltiufl images of the two forks are in the one case vertical, in 
the other horiaontal. If both forks vibrate together, the two motions combine, and 
the reflected pencil describes a more or lass complex curve, the form of which depends 
on the number of vibrations of the two tuning-forks in a given time. This curve 

f ives a valuable means of comparing the number of vibrations of two sounding bodies, 
n describing the combinatiou of two vibrating motions in the same direction, Liaaa* 
joua says : * If the tuuing>forks pass their position of equilibrium in the same time 
and in the same direction, the image attains its maximum, and the image is at its 
minimum when they pass at the same time, but in opposite directions. Between 
these two extreme cases the amplitude of the image varies according to the time 
whiefa elapaes between the exact instant at which the tuning-forks pass through their 
poiitiflM hi rest reflectively. The ratio of this time to the time of a double vibratloa 
IS called a digerouM qffhaoo of the vibration.* 

The accompanying diagrams, oopM from iMBkscfxnf paper, will convfr some idea 
of the character of uese curves, ^ey are an optical study of two vihntoiy ttoee^ 
ments at ri^ht angles to eech other. 

A very euuple and beautifril form of the eympalmogmph hae been oonstmoted by 
Mr. W. Mouoair Bnowir, who has fovoured us with the followiiig deeeription i— 

* If we aeeept the analogy between the vibrations of sound and the mbrations (rf a 
pendulum, we can underetond that the latter ean be made to give an equally fltithfol 
expressUm of the former, and also be made to register those expressioua in a |atma* 
nent nuumar. 

* It will be easily understood that a pen or pencil connected with the vflfpatiena of 
a imdnlnm and oecfllating in the same plane— dn whiefa ^ane, alao^ tha pcncB ia 
guided— would produce on a eonveniently-disposed sheet of paper a sttslght limb kttt 
that at each aucceeding vibration the kora of the line would be dimiiiiirilsd; framm 
BMire, that the length of thoae linee and ueir snocessive diminution will depm «|OBi 
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•ad be inihieaeed by, the leni^e of the peodulnm And the miob of iti ribnitlon, 
ihe time of era UMcUktion will be equAl, ugain aleo influeneed by the weight 
of the pendulum eflbeting the time that it wiU be kept in motion agaimt the notion of 
mrityi^ frietion. KoWt ifi during the rime the pencil or pen ie deeeribing the 
-mnight liaee enoeemlTely diminiahing in le^h, we eonneet the pen with the more- 
mente of another pendulum either exactly eimllar 
or equally eepable of being infliMOoed b^ the 
rarioue oonditione etated, and not eibrating in the 
aame plane, we can eaeily understand that the 
pencil will no lonm follow its straight ooume, 
but comply with we compound motions . arieing 
from the pendulums vibrating in planes at different 
angles to each other. The reeolution of these 
forces can be precisely pg^cted by the mathe- 
marioian, and we result under similar conditions 
as to harmonic relations is a precise copy of the 
curves shown and produced on the screen by M. 

Lisasious, but with this difference, that the imegee 
formed by M. LiseAiutis are only seen by Uie 
portion of the image which the retina is able to 
retain, whilst the imnm formed by the vibrating 
pendulums give the whole course of the pen from 
the commencement of the vibrations to we end of 
them, and in which every phase of the interference 
of the pendulums with each other, every euocesei ve 
diminution of the corvee arising from the dimin* 
ishing arcs of vibration, and every node and loop of 
the ribration, is given with unerring fidelity, and 
the pen or pencil leaves permanent fimires of great 
symmetiy and beauty whenever the pendulume 
are beating in harmonic proportions, or nearly so. 

*The apparatus is com^sed of two pastel 
pieces of wood suitably supported at the height 
required ; between these pandlel pieces of wood 
the pendulums vibrate in planes at right angles to 
each other. The pendulume aio hung upon two 
sharp points, and about four inches below the 
points of suspension the pendulum rods receive, 
within a recess or mortise lormed in them, a small 
steel croee ; the points of two arms of the cross 
are fitted vertically in the recess, the other two 
points are at right angles to these, and conse- 
quent^ horieontu ; the two horiiontad points sup- 
p^ a light frame of wood, which projects in the 
direcrion of the plane of vibration of the pen- 
dulum ; consequently Uieee frames meet where the 
two planes of vibration mH»t, and at this point or 
apex the frames are connected by a ball and 
socket joint. It will be understood now that the 
steel erosses fbrm universal joints, or Dr. Hoox'e 
joints, and that, connected as they axe at the apex 
by the ball and socket jmnt, the apex of the frime 
be influenced in its movements eiriier one 
pendnlnm or the other, or, if both are vibraring, will 

comply with theoompound motion imparted to it— in fiict, the equivalent of Lmasous' 
enrvee ; a email cord supports the frame in a nearly horiiontal position, and in the 
apex the frame is fitted the graver, pencil, or gliiM pen, used to deeoribe the cnms* 

* Bmieath the pen ie a small table, to which » attached the card upon which the 
teaeing k to be made. 

* The pe a d nlnm e an each fitted with a weight which slides vp and down the vnde, 
and ie toed whkxe desired b7 a set screw ; loose weights as needed an placed npon 
this adjustable weight when greater weight ie wanted. 

* The apparataethosdeeonbed is the simplest form. Another fonn of the maeluM 
derignsd ^ Mr. Mnaosir Bnoww is euppUed with longer pendnlnme, end having the 
ipper pert of the pendnlnm pnloiiged upwards for about twenty inchee, this utoier 
part in eiioh oaaa also babg provided with a eliding weight, set senw, axd looto 
weights for farther addition. Era pendulum in thie ease is a oompound pendfiluin, pti- 
eismy like the peodulmn of the well^knowD metioBome, and has eeverar importaat adt* 
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vantagei over the common pendulum form, eepeoiallj, u will beaftenrardc pointed out,' 
when great difPerencee in the proportiona of the vibrationa of each pendulum are needed. 

* The machine ia ao aim^e in action that very few direotiona are required. A few 
hinta may, howevet’, aave aome waate of time ; for if the pen ia to deaeribe a pleaaing 
figure, the penduluma muat be actuated aa oareftilly aa a mnaieal inaimment to get it 
perfectly tuned. 

* The pen being ehar^ with ink, and the penduluma aet vibrating, the pen ia 
lowered iteadfly but qni^ly on to the card, and the pen at once bagina to trace the 
currea. Two thinga are neceaaaiy to remember : the aurface of the eaxd muat be 
large enou^ to prevent the pea in ita ourvea paaaing over the edge, or the atoolm of 
the pendulum not in esceaa, and the pen muat not be brought down violently, or in 
either CMe the pen will anrelv be broken. 

* Never attempt a curve with the pen nntil yon have the penduluma beating in the 
proportiona required, or ^ will frequently have nothing^but a acribbling machine. 
A very little -practice will ao^ enable the obaerver to count the proportiona ; for 
inatance, if uniaon be deaired, bring both penduluma to the meeting angle, and let 
both eacape together; a few vibrationa will aoon ahow which arrivea at the atarting- 
point in advance of the other, and indicate the adjuatment to be made accordingly. 
It ia acaxoe^ neceaaaxy to repeat the well-known tmiam about a clock pendulum — 
shorten it to make it futer, and lengthen it to make it slower. With the proportiona 
one to thre^ eount only the three, e^ recurring time of three ; the eye will at once 
detect whioh pendulum is in advance or reti^ession, and needs adinating. For 
rough adjnalnient you may eonnt the vibrationa per minute : but the plan described ia 
the moat accurate for earmhl adjnatment, and much quicker. 

*The diagrams of Curves given are simply the skeleton optical forma of a few har- 
monic vibrationa, which the pen will fill up with gradually aecreaaiHl* concentric forms 
till the pendulums come to zeat ; many other harmonic vibrations will give equally or 
even more beautifhl fignrea. 

* AlUiough there are apperentU but few initial forme, the varieties are almost end- 
lesa, and depend upon ih^ eonmtions and variations. 

' Fiiatly— vibrationa of the penduluma caused by their difference of length. For 
the common pendulum maehine, the following approximate lengths of penduluma 
with proportionate vibrations to the seconds penaulum, in the latitude of London, 
may be uaeftil for reference : — 


PropoTtioiiB 

Vibrations per Miouto 

Lengths In Inobss 

1 : 8 

60 : 180 

391 : 4’3 

2: 6 

60 : 160 

891 : 6*2 

1 : 2 

60: 120 

89*1 : 9*7 

8 : 5 

60 : 100 

89*1 : 14-0 

2:8 

60 : 90 

391 : 17*8 

8:4 

60: 80 

39*1 : 21*7 


* The figures of the higher proportions here are not easy to get with the common 
pendulum, because the area of vibration decrease so rapidly in the quick pendulum. 
With the oompound, or metronome, pendulums, there ia no difficulty in obtaining 
very much l^er proportiona, and for thia reaaon— with the common pendulum it is 
inconvenieiit to extend the p^olum even to 89 in.; the limit of leaet number of 
vibrathme, which ie 60, is much too high a foctor to start with when it has to be 
muhl^ed by 8, aa in the ease of 1 : 8 ; oonaequently the eeeond pendulum mwlb be 
4 iuri A length imposilble to wude with. In the metronome penduluma of even greater 
length, there ia no difficulty in setting them to vibrate to 90 or even lees ; and with 
20 as a foetor, we ^ for the proportion, as before, 1 : 8, equal for the second 
pendulum 60 vibrattoDS, or the Am length of the slow paudulnm in the aimpla 


tba simple pendulum apparatue, short pendulums must be used for the higher 
numbere, and henee the disadvantage of having toprovide more than two pendulinnas 
whereat in the metronome pendulums two sue sufiseient for nsarly all oosBoiiiatiotti. 

* 8eeoBdly*-diffaceiie6 in the lei^itb of the stroke of the pen by the diffeicnoe of the 
are of vibration of the pendulum. Greet variety may be given to the fignree by (he 
diam of proporeioiis in the stroke of eeeh pendulum or their ares of vibration. 

■Widly^-greatarwr lem weight on the pendulam rode, influenoiag ihetiineAuffing 
which the vibiatioiia oondnue, aid oonsequantly ths elosenass with iraldi the llaee m 
the drawing approach to or raeads foam each other. The lighter the weighte. attaohed 
to the penmilnme the more rapidly they omne to rest, and thus in finar or ooaraw 
figures we have agaio the means of varying the character of the drawings. Thii 
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aHTenmce cu Also b« eMily oaiuwd hj wtightiag the pen in ite pnieageoTer the ptper ; 
the friction telle at once on the une of ^b^on. 

* Fourthly— pheee of diUhreiice pnotieally obtained by the relatire etarting-polnta 
of the arci of eibration to each other. This is the meet dilBottlt of all, and ncthing 
bnt pnetioe can enable the operator to aehiere the prerite form desired. Haring set 
the Mndulnms to ribrate truly to the prop ortions required, one must be started first, 
and^e other p^ulum must be started with it, or at sndi interrals of the ribration 
as the diamms show. In calculating the interval at which the second pendulum is 
allowed to stort on its course after the first one, allowance must be made for the one 
being in motion and the other starting from a position of rest With the pendulums 
Tibming truly, every curve will be heautiful, and in the chapter of acotdents the 
operator will get eveiy form; but, with the few directions we hay* given and 
patience, he wiU soon acquire the ekill to produce any initial form he may deeiie. 

' When the operator hu learned how to manipulate the machine he hae but one 
thing to remember— tw the pendulums must beat in nearly or quite harmonic 
proportions ; then every phase of difference will give him vanetiee of th^ prop<^ 
lions and forms of beautiful curves almost as numerous as the combinations of ths 
musical tones themselves.’ • , . a - 

This sympalmograph. and all the required accompaniment, can be obtained from 
JoKH Baowmico, of 68 Strand, London. 

ffY PfP fpmm wwM m. A modified form of the barometer for use at sea. This 
instrument consists of a syphon tube containing a volume of air and a fizsd fluid, 
which partly fills the tube; also a thermometer. By an increase or decrease of the 
weight of the atmosphere, the fluid ie raised or lowered, arising from the elasticity of 
the enclosed air, according to MaaiORB or BoTufs law, throngh equal distanoee for 
each barometric inch, if the confined air were nnaflbcted by varying heats, but as it is 
aifeeted by temperature this error is allowed for by a temperature eeale. To take a 
reading the thermometer must be first recorded, then the attached pointer mnst be 
adjusted to the corresponding degree of temperature on the syphon tubs— then ths 
position of the fluid indicates the barometric height. 

■SHXira. A sulphate of manganese found at Felsobanya, Transylvania, and 
named after Mr. Snaz. Counsellor of Minea. The colour of the nodules is whitish, 
the fracture reddieh^white. Analysis gives— 

Sulphurio acid 47’48 

Oxide of manganese 4178 

Water 10 M 

10018 

— T. TOM SoHBonoxiiroBB, Oto, In§iU, Vimna^ April 1877* 


T 


TJLUOW AWS STSASlvart (Taxxow, vol. iii. p. 067.) Our importations 
in 1876 and 1876 were— 


From 

1B7S 

1876 

Hossia 

Holland . * 

Belgium 

Fiance 

United States of America 
Meadoo , , 

Pern 

New Granada 

Biasa .... 
Uruguay 

Aigentine Republic • 
Australia • 

Othnr countries . 

Total . . I 

Owt 

60,617 

8,740 

11.801 

28,887 

860,764 

10,718 

104,816 
110,078 
270,408 i 
20,084 1 

128.668 

11,248 

20,624 

68,838 

788.817 

10,600 

222,873 

280,606 

628,606 

44,007 

Owt. 

86,122 

8,010 

10,600 

10,216 

676,800 

6,040 

6,240 

7,844 

08,004 

268,688 

287.082 

28,708 

A 

106,678 

8.670 

26,267 

26,208 

1,244,612 

12,062 

1 M 80 

18,780 

108,801 

640,700 

646,782 

47 i 8» 

067,806 

s ,04 s,ass 

1,844,446 

W7»,m ' ^ 
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TANNING 


TAMArnwre . WIM . 8m Mimosa SmD. 

T AyQJMt OT-TlWtaT. A dye-dng BAd in India. Sm Cassia Tora. 

TAinrorO. (Vol. iii. p. 83.) ( AiMsr en tan, Fr. ; GerAm, Ger.) The favour- 
able action of soda whan added to lime in preparing the skins of animals for tanning 
has bMD long recognised, and the presence of sulphur has been admitted to be 
advantegeous. 

M. Louis MATSBir,of Antwerp, exhibited at Vienna in 1872 a new depilato^ liquor, 
which consisted of slaked lime, soda, and sulphur. Emran in 1673 treated the Kins 
of calves, horses, and bullocks with a similar liquor, and finding that the mixture was 
the more effective the more snlphide of sodium it contained, he resolved upon using 
this substance exclusively. Obtaining perfectly pure sulphide, he found that bullock? 
skins were depilated in 16 hours, and calf skins in 4 hours. 

The following constitutes the depilstory operation : — The skins are spread out flat 
upon each other on their flesh side, and then painted with sulphide of sodium over 
the hair in such a manner that it touches the Ain. After this is done the skins are 


folded together, put in a warm vlnce, not below 19" C., and covered with a wet rug 
to prevent them from drying. The skins are ready for depilation in about 15 hours. 

^e solution is prepaid by dissolving a weighed quantity of crystallised snlphide 
of sodium in hot water, using 1 kilo, of the salt and 2 litres of water. This solution 
must be thickened with lime, using 8 parts to 1 of sulphide of sodium. The quantity 
of sulphide of sodium requir^ in depilAting the skin of a bullock varies, according to 
the sise of the skin and quantity of hair, between 100 and 120 grams. Dried skins 
require 17 to 36 grams more salt. The solution must be applied to every part of the 
skin, more especially to the head and along the back, and it is necessary to remove 
any stones or coarse sand from the lime, which would prevent the solution from 
acting. The ekius should be (;mit6 soft before treatment, and if dirty^on the hair side 
they should be well cleaned, ^fore removing the hair the skins siiould bo washed 
in water to get rid of the caustic depilatory. 

When the hair has been removed the skins are placed in fresh and hard water, 

r tly to wash them and pai^ to swell them, because without this the fleshing would 
rendered very difficult lue leather clippings are the same as those obtained 
from sweated skins, and must be treated with lime before boiling them for glue. 
After the fleshing the skins are treated in the usual manner, and tanned like sweated 
skins. 

The nse of sulphide of sodium was not so successful in the manufacture of the 
second class of under-leather. 

The main part of the tanning of such leather is not entirely effected in the pit, 
where the aculs are formed, and which, next to tannin, are the most important agents 
in the preparation of under-leather ; but a preparatory tanning already takes place 
in the ooxe, which latter repreeents the principal feature in the manufiicture of upper- 
leather. 

In tanning sole-leathers the outside of the skin is onlv coloured in the ooze, and 
the dead ana shrivelled fibre is swelled by the acids ; and in this state, by the action 
of acid and tsunin on the natural fibre, it is converted in the pit into leather. 

Inner sole-leathers, which were formerly treated with lime, do not at first require 
acids for the swelling, but so much the more tannin to prerent them from being 
spoiled. This tannin enters into the leather with comparative quickness, because it 
is absorbed much better in the oose than in the pit, and because the lime, which 
dissolves and removes many portions of the skin, thus leads the way into the inside 
of the skin. These leathers, therefore, contain more tannin and less acid than ’sole- 
leathers. Skins depilated with Sulphide of sodium, ae already mentioned, completelj 
resemble those of sweated skins, but differ from limed ekius ; the former, therefore, 
in their first period of tooning require another treatment. 

WUna depilated with sulphide of sodium are less swelled than limed Aine, therefore 
the ooses in which these snns are to be tanned must contain more acid than limc- 
ooece. The leaaon why the tanning is slower, snd a laiger quantify of tan has to be 
need, is the followiitt : in the first place, these sUns contain more material to be 
tanned, for noting om been talmn out; and seeondly, their texture is very Him and 
dose, whersM lime loosens and partlv destroys it. 

Skins tzeated with sulphide of sodium tie said to have 10*4 per eant. more weight 
than limed duns. 

It seems probable that lime will soon be superseded by sulphide of sodium, heoauss 
the first operations are qnidker, and also Wause a better quality ol leather is 
obtained. 

Tanners have hitherto bMn of opinion that skins treated with lime ghre leather of 
gieater firmness and softness. Emma admits this, but states that Ihne removes 
valuable subetancee from the ekins, whidi sulphide of eodium will not do, and he 



recommendB the fblloiring method :~TheiiidiM an loaked, oanftiUjr otretohed, and if 
poBHibla Allied ; they are then treated with a miature of 1 part of enlphido of aodium 
and 8 parte of eLaked lime. The quantity of sulphide required for each skin depends 
oq the quality and siae of the skin, on the quality of the sulphide of sodium, on the 
d^^e of softness, also on the quality of the lime, and on the hardness of the water 
used, as a portion of the sulphide of sodium is fixed by the oonstituents of hard water, 
and is thus tendered ineffectiTe, 

It is easy to see that exact numbers cannot be given for all cases, but under normal 
oonditioDs, i.e a medium article in strength, sise, and softness, medium hard water 
(10** to 20** of hardnees), pure lime, good and now enlphido of sodium would be 
required for a piece of — 


Green bullook’s-skin 

, , 

. 106 to 176 grams. 

Vry „ e . . 

• 

. 123 198 „ 

Dry kipe .... 

. • 

. 88 128 

Dry calf-skin . . • . 


. 86 „ 68 ,, 


The solutions must be only slightly acid, and the number of tans used must never 
1)0 below eight. By adding 250 to 600 grams of bicarbonate of soda the eolutione 
will be kept neutral, or we may odd ( to 1 kilo, of salt, which, in spite of the acid, 
will prevent the leath<w from becoming too bard. 

After the upper-leathers have been scraped and shaved, they should be well cleaned, 
mid for this purpose a solution is used of 6 kilos, of oat straw, boiled in UO litres of 
water. After being soaked in this liquid the skins are ready for tanning. 

The use of sulphide of sodium is very essontial in the manufacture of deer and 
kip-leather ; and in treating skins where arsenic has to be need, sulphide of eodium 
will be found less expensive and not eo ddngerons. For very hard skins twice the 
usual quantity of sulphide of sodium may be used ; in the manufacture of horse- 
leather, pig skins, and morocco it has been found very successful. « 

Much depends on the ouality of the sulphide of sodium used ; it should be in a 
tolerably pure state, and the lees damp and the more bright and transparent it is, the 
better will be the quality. The amount of acting substance is found to vary consider- 
ably, a difference of 80 per cent, having been found sometimes. This is pittij due to 
decomposition and changes of the salt, and partly to difference in its manufaetare. 
It is veiy necessary to keep the sulphide of sodium dry in well-closed vessels, and it 
should be used os quickly as possible, as it will not bear keeping. Emrjoi says the 
bulphide may be prepared for experiments in the following manner : — 

Three kilos, of lime are placed in an iron vessel and slaved, after this 66 litres of 
Wilier, and 6 litres of cyst soda are added, and the mixture heated and amtated. 

As soon as the boiling commences, 1 kilo, of flowers of sulphnr is grsdually added, 
and the whole boiled until the liquid assumes a deep golden-yellow colour, and shows 
no lumpt* of sulphur. The mixture is then allowM to cool, and may eventually be 
thickened with lime and directly used for working. (See ImsTBrn.) 

TAWWOHamu A piece of apparatns for determining the quantity of tannin 
in a solution. (See LisTHn.) 

TAVTA&VK, IROaXIM or OOZiVMBZVM. (Vol. iii. p. 969). G. 
LAWUBMca Smith, in a paper on the * Columbic Acid Minerals,’ maintains that the 
metal known in England and on the Continent os Niobium should be called Columbium, 
the name used in America. The confusion is said to have originated ai follows: 
Kkhbhbo discovered in 1802 a supposed new metal, which he called tantalum, but 
which a short time afterwards was re^rded as identical with oolumbium ; and for 
forty-five years tantalum and oolumbium were synonymous terms in all works on 
chemistry, althojugh Wousstom suspected their diesimilarity. Secondly, when 
H. Bo 9 b made his well-known exhaustive researehes on the cblumbite of Bodenmais, 
he showed that this mineral contained, sot one, but two metallic acide. One of these 
was foalokffli; but the other he suppoeed to be a new metal, which be named nioHum, 
Subeequent examiaaiton^ however, convinced Kosn that the two metallic acids 
obtaisM from the Bodenmais colnmbite were really the orimnal oolnmbic of 
HaiQBarr, dieeovered in 1801, and the tantalio acid discovered by EKHnsno in 1802. 
The former bo^„ therefore, should have retained its oririnal name. The remainder 
of the paper is devoted to the tsamination of the emurabie minerals, oolumbite, 
miotolita, pyroehloii^ Hat c h e t t al i te, samarskite, yttrotanbUite, exuenite, Feigusonito, 
Bogarsite. 

VAK« (Vbl. iii. p. 970.) The use of ooal tar hae largely inereaeed of late years 
and notwithstanding the value of this product in the mann&cture of cdoois, a con 
•idemble ^luOntity is used for preeerving wood and similar purposes. Our impatip 
tions of wood tor were in 1876 and 1676 : — 
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In 1877 we imported 174,690 barrels, valued at 146,676/. 

TASMAVZTB. (Volj iii. p. 972; and Dtbodilb, vol. ii. p. 178.) Under 
dysodile it is shown bj Prof. A. H. CHUBoa that the two minerals, djsodile and 
tasmanite, do not belong to the same group (October, 1876). 

(Vol. iii. p. 972.) The following inquiry was made by O. W. Wioxsn 

MoUtun and Hygrodoofio hroperUei of Tbos, dried at 100'^, and then expoeed in ike 
Inveaiigator'a Laboratory for parte of February and March. 
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JmauHt of Exirwt ^Idi^^TvMntyfimr Otiutino 2Vm. 
OfdnUkfy Tout, 


Desmlption 



Bxtreot 

AShoTBstmet 

Ounpowder . • • 

• 


. 89*20 

6*76 

Hyion .... 

• 


. 86*60 

6*00 

Congou .... 



. 88*00 

4*76 

Hft . . . . 

a 


. 29*80 


Ho. . ■ • • 



. 29*80 

4*46 

Ho. . • • • 



. 20*20 

4*60 

Ho. ... . 



. 20*16 

— 

Special Teae, 



^ 2. Mmne YoungHyson 
1. Inman YoungVyson . 



. 44*86 
. 43*85 

7*00 

6*80 

11. Broken Indian . 



. 48*43 

6*18 

4. Moyune Gunpowder . 



. 40*76 

6*46 

Oolong 



. 40*76 



Moyune Gunpowder . 
6. Ho. do. 



. 89*80 
. 88*60 

4*80 

4*90 

6. Ho. do. 



87*96 

6*26 

10. Mannuna, Fine . 



I 37*00 

6*00 

17. Scented Orange Pekoe 



. 84*20 

6*40 

7. Moyune Gunpowder • 



. 88*86 

4*06 

Aseam 



. 88*80 

6*60 

2i. Indian Souchong 



. 82*60 

6*60 


Capers, 



CftpOf see 

, 

, 

. 87*90 

4*70 

Do. . . . 

, 

. 

. 37*76 

6*16 

Ho. 


, 

. 82*40 

6*26 

Ho. . . . 

. 

. 

. 80*06 

4*70 


Tannin. — Th« percentage of tannin in tea is Tery variable, and some teas exceed 
the average so greatly that, as regards adulteration or impurity, the tannin deter- 
mination can give only negative results 


Moyune Young Hyson ..... 89 0 per cent. 

Veiy choice Assam 88*0 „ 

Indian Young H^n 80*0 „ 

Assam from &r. MaoNAiiaBa’B garden . . 27'7 „ 

Caper, mixed 42*8 „ 

Mixture of six samples of Assam . . 46*6 „ 


Total Sitrogm in TVa. 
Sample from 00 green teas tUgktly faced 

„ 60 black teas ... . 

„ 6 Assam teas .... 

„ 6 Caper teas .... 

Sample Assam from Hr. MaoHiJCAna’s garden 
Exhaueted leeme 


8*76 
8-26 
8*64 
8*82 
S88 
8 80 


percent. 

M 

II 

II 

fl 

II 


Partial analysis of a mixed sample of twenty-four genuine black teas, and of a mixed 
sample of a medium quality (/mm) green tea;- 


Bisok 


Potash 

. 80*92 

Soda • 

. . 1*66 

Sulphuric acid . 
OarTOuio add . , 

4*88 

. . 11*60 

Silica 

. . 1*70 

Ash soluhle in water 

. . 67'00 


Green 

28*42 per oent. 
208 .. 

6*66 „ 

6*43 „ 

760 „ 

62*66 „ 


A W. PAerm. J. Trane, (8) vi., abstracted from the domud efUie 

Ckmiaal Society, March 1876. 

Tna» OiTLOir.— -Hr. Tawims, in his animal Beports on the Botanic Gardan at 
Pimdsnija, jdves 5ill accounts of the progress of the cultivation of the tea plaat 
in Oeyton. fie states that in 1864 some gentlemen who visited CWlon, thinkisig the 
climate imttld prove congenial, obtained seeds of the tea plant, and them plu^iMia 


' Tbsie numbots oonespond with those la the prevhrai taUa 
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faind in the Botanic Garden, and diatributid. In TswArraB reporta The 

dimate of Ceylon ia admirably adapted for the aneeeaafol cultivation of tea. The 
plant mwE vdl from the elevation Feradenijra— 1,600 foet^to that of Hakgalle 
(6,000^ and it would no doubt thrive in aituationa aomewhat higher. A certain num- 
oer of planta were planted out at Hakgalle, and a largf^r number of planta were raiaed 
in the Botanic Gaiden. A year later the cultivation had become much more decided, 
and a report of progreaa by an experienced Indian planter waa made to the Govern- 
ment. 

In 1869, young planta of the Asaam hybrid varietv, raiaed from aeed, wcrepowing 
T^oroualy at Hak^lle, in a amall plantation which had been formed, and wh^ con- 
tained 270 planta. All the varietiM of tea are reported to aucceed better at Hakgalle 
than at Peradeniya ; the China tea being the only one which growa at all well at the 
lower elevation. 

In 1870, Dr. Thwaitbb aaya : — * The tea plant thrivemao luxuriantly upon our hilla 
at an elevation alightly abo\je that suited for co£R»e cultivation, that it is difficult not 
to believe that our slopes will before very long be covered with thriving tea planta- 
tions.' In 1871 and 1872 the reports were most favourable. In 1876, Dr. Thwaitks 
writes : * It is now a well-established fact that commercial tea of a very superior 
quality indeed can be produced in Ceylon.' 

Tba, Ikdiam. In the list of our imports from British India tea is distinguisheil 
by the large increase shown in the returns for the year 1876. The quantity rose from 
leas than 18 million pounds in 1874 to upwards of 26 millions in 1876, and the valuo 
advanced to nearly 2,200,000^, giving tea a place among the articles for which 
we pay India more than two millions sterling in the year. The Indian Government 
report on the financial year 1874-76 states that the cultivation of tea is rapidly 
spreading in Bengal, and that the amount of the out-turn is now amply remunerative ; 
the prices obtained in. the market are such as show that the average quality is good, 
and, indeed, the industry is in an infinitely better and safer position than it was ten 
years ago. The native labourers are well treated by the European planters, and are 
genomlly contented. The best labourers come from Nepuul, and bear a good character 
for industry and aptitude. In the Darjeeling district the increase of area under tea 
cultivation in the year was 8,198 acres, and the increase of out-turn was 971,201 lb. 
The average yield of an acre was aliout 826 lb. ; in 1872 it was about 2661k The 
tea plant was introduced on the Keilghe^ Hills about forty years ago, and now 
covers nearly 2,000 acres. The China variety, with which the oldest of these estates 
is planted, is the most hnedy, but grows slowly, and produces very little leaf; the 
Assam variety, on the other hand, grows rapidly, and is a large producer of leaf, but 
it requires a sheltered situation on a rich, fertile soil. The cross between the two is 
the most generally useful. 


Importation of Tea into the United Kingdom in 1876 and 1876 (fid. per ib. duty was 
fixed Jvne 1, 1866). 


From 

1870 

1876 

Holland . . 

China .... 
Japan .... 
United States of America 
British India— 

Bombay and Scinde . 
Madras 

Bengal and Burmah . 
Ceylon 

Other Countries . 

Lb. 

1,192,601 

170,462,921 

64,806 

128,078 

246,892 

124,618 

26,066,367 

169,692 

173,961 

£ 

82,476 

11,464,840 

2,720 

9,679 

16,161 

7,842 

2,168,889 

12,063 

18,280 

Lb. 

1,451.244 
166,907,682 
80, :48 
100.261 

827,967 

99,789 

27,886,618 

91.887 

00,946 

£ 

96,822 

10,146,471 

4,600 

8,546 

21,176 

9,826 

2,398,404 

6,699 

6,671 

Total . 

197,606,816 

18,766.961 

186,686,871 

12,607.204 


In 1877 we imported from China 168,379,763 lb«,froin British India 81,245,261 lb., 
and from other countries 1,604,963 lb., the total value of which was 12,482,409/. 

4II&. See SasAJinii. 

Tnn« Elephants*, sea-cow, and sea-horse teeth imported in 1876 and 1876^ 
from the 'Annual Statemeut of the Trade of the United Kingdom with JSereign 
Countries and British Possessions ' As no returns of ivory are given, wo Mpfoer ivory 
of all kinds is included in the teeth : — 
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From 


ia;« 


Owt 

g 

Owt. 

6 

Gbrntany • 

606 

10.626 

428 

16,004 

Holland • • 

268 

12.766 

469 

21,800 

Egypt .... 
^poli and Tnnia • 

West Coast of AfHcar- 

Mil 

118.464 


29,806 

400 

20,646 


22,630 

Portuguese Possessions 

812 

14,186 


12,776 

Not dSeignated . 

2,207 

100,682 


126.164 

East Coast of Africa 

696 

80.678 


24,768 

United States of America 

800 

10,611 


— 

Malta .... 

686 

26,701 


20,610 

Gold Coast . 

British Possessions in 

w 1*«1 1 

11,620 

168 

7.109 

South Africa . . 

1,442 

67.016 

1.722 

86,202 

Aden . . . • 

2,608 

181,868 

1.628 

84,268 

British East Indies 

8,676 

171,017 

2,648 

124,010 

Other Countries . . 

681 

24,321 

600 

20,817 

Total . 

16,268 

772,871 

12,688 

606.762 


T aiwra Sa rzams is made by dieting 500 parts of elder-berries with 60 
rarts of alum in 800 parts of water, and then submitting the mixture to pressure. 
This is used for adulterating wine. M. MAirxfBiri reports that he has discovered as 
much as from four to seven grams of alum per litre in wines adulterated with this 
fluid. Sometimes the alum is replaced by tartaric acid. See WiKXS, AnvLTxnATinM of. 

TauaTaAMZC CABU. 'Teledynamic cable’ is the name applied byL. 
ViGUBTix to the endless wirerufo as used for the iransmisHion of power' from one shaft 
to another. He deflues his problem by supposing that a shaft, a, receives from one 
or more prime movers an energy equal to 80 h.p., and has to transmit this to 
another shaft, B, which latter is at a horizontal distance of 876 yards, on a level 13 
feet higher, and is inclined to a at an angle of 10^. In certain cases b also receives 
energy from a steam-engine of 20 effective h p., whose main shaft makes 60 revolu- 
tions per minute, is 26 feet distant fivm b, and transmits its power ^ a pair of 
pulleys and a leather belt. The transmission between a and b is efflictea by a wire 
rope passing over intermediate sheaves ; and the problem is to calculate the work lost 
by friction, ice,, in this transmission, and to compare its effect with that of a line of 
sfiaitiug and two pairs of bevel wheels, which would be the alternative method. — 
L. ViOBBUX, On t%e ThtnmiuAUm of Motion by * Heledynamic Cable,* and by Belt and 
l*ulley. {Annalee de OhUe Civil, 2nd series, vol. v., pp. 171, 288, 814.) Ahetracte 
of Pajpere tn Foreign Tranaaatione, Institution of Civil ^gineers. 

TBUVXOmi. The name given to as instrument for conveying sounds (strictly 
through the agency of an electric current) to a distance. 

The first attempts to effect this appear to have been made by Mr. Faan, a well- 
known man of science in America, in 1687. He discovered that when a current pass- 
ing throng^ an electro-magnet was made and broken, the magnet emitted sounds, 
and he succeeded in producing thus musical notes. In 1848, Db la Bits found 
that if a pianoforte wire, four feet in length, were stretched through a cylinder of 
clothed copper wire, and a rapid succession of cnnents were transmitted, ^e wire 
vibrated, and gave musical sounds. 

In 1861 Pbcup Biass took up this inquiry. He noticed that the vibrations of a 
tuning-fork— if employed in mokinjg and brewng an electrical current— will produce 
pulsations in the current, which will alternately magnetise and demagnetise soft iron 
at the remote end of a circuit, and that similar vira^ions could be set np in another 
tuning-tok at a Considerable dietanoe. Upon thie principle Bnss constructed the 
first *trie]^one.' 

In tMs the eending inetmment eonristed: chiefly of a membrane etretcbed over a 
box hi eneh a w^ that the membrane was put in vibration bv the voiee of enjone 
speaUng into the box. On the membrane was a piece of pUtbum, which, ee it 
moved to and fto, formed and broke the electrical connection m a properly arranaid 
line of Iriie. this line the electrical pulsations were transmitted to a coil of'iSre 

surrounding an iron bar, thie having the curions effect of cansing the bar rilg^tly 
to expand and eontmct at each pulsation. These slight eltemtioiiB in length, ripidlw 
sneecading aaeh other, produced a nnaieal note, wbicfi cortMpondad in tha nugihw cl 
vibratLona irith that sonndad in the bos, and was, thenfbieb idcBtieal with It, 
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though th« note is the tame, it is not of the same qoalitj. The instrument cannot 
eep^uoe tliat ; it merely sings with its natural note. 

This will be nnderstood more thoroughly by attention |to tbe following diagram, 
Uig. 2ft49),— 

2540 



5 is a hollow wooden box, into which thf> operator sings through the mouthpiece, a. 
Tbe undulations produced by the voice of the operator throws the diaphragm, e, into 
rapid vibmtions, so as to m^e and break contact with the platinum points, d, at each 
vibration. This interrupts the current flowing from the batteries, s, as often as the 
diaphragm vibrates, and therefore magnetises and demagnetises the electro-magnet 
as often. Whatever note is sounded into the box, a, will occasion the diaphragm, c, to 
vibrate, and the electro-magnet, /, will vibrate in unison, and ^eat the note. 

Mr. Obomwbll Varlut, in 1870, discovered that if a pulsating electrio current of 
high tension is sent through a * ooudensor,* which is an arrangement of thin plates 
of alternately conducting and nou-condncting materials, the plates will vibrate, and, if 
of proper eonstmction, will jprodoee a musical note. The eondensor, according to 
Mr. Varlbt's patent spec flcation, is mode as follows ; — 

Very thin uniform paper dipped in shellac varnish is coated on one side with gold 
leaf, and dried. The non-g[ilt surfaces of two sheets are put together so os to leave tlio 
gilt surfaces outside; tinfoil plates are placed outside, and the sheets are built up in 
the usual manner, connecting the 1st, 8^, 6th, and so on, to one armature of the con- 
denser, and the 2nd, 4th, 6th, and so on, to Uie other armature. If then the rapid 
alternations of current be made to pass round a helix containing an iron rod, the latter 
will produce a feeble but distinct sound. If the currents pMs round a flat coil in which 
a magnetised luumonium tongue is placed, they act ihiod it as if it were the ueedle of 
a galvanometer, and cause it to vibr^. Similarly, if a steel tongue is so placed that 
its tip is between the poles of a powerful permanent magnet, the alternating currentH 
will cause it to vibrate and produce a mustc^ sound while the alteruatiDg currents 
pass. Other methods of produoii^ the ^nired vibrations are described, and in par 
ticular a wire 4 ft. 6 in. in length is specially mentioned, and the method of arranging 
it fblly explained, as if that were the sound-producer. Mr. 0. Varlbt does not appear 
to have thought of producing a' number of sounds of varying pitch ; an^ aa a matter 
of fiict, he owms only the sending of wave-signals as^ well os current-signals simiiU 
taneo^y on the same line wire, and the construction of telegraphs with, at the 
transmitting station, an instrument capable of setting up a suooeasmn of rapid and 
regular electric waves, and at the receiving station a seined wire or toQ^e, or such- 
like instrument, a^usted to vibrate in unison with the electric waves. ^ also claims 
the method of dividing a conducting wire into sections by instmmenU to which he 
gives name ' echoeyme,’ which allow curreut-sigDals to pass freely, but stop wave- 
signals ; so that while the wire is beinp' used as a whole forthe transmission of curre^t- 
■igiisls, the sections into which it is divided may be used for the local messages. The 
ooostmetion iX a telegraph with, at the sending end, an inatrument oanable of origin- 
ating a iueeasBon ox rapid electric waves, and at the receiving end a condenser 
connsting of thin sheets capable of being agitated by such waves, forms one of 
the cleima ; and Mr. Vasuit mso claima the combination with GhmL’e donUe-epcaking 
appfmtUB of a hollow helix with rods or piecop of iron inserted ; but he aoee not 
mention a sanding instrumont opnsieting li a number of tnning-forka nor does be 
Opeek of reprodnchig a series of musical sounds. 

SSn eomo modiflcimon of this anangement Mr. C. Vabur reproduces slectrical 
waves. Si sound-waves of euifloient inUnsity to be heard at some distaoee ^om the 
instrument. The apparatus exhibited bv him at tbe Queen's Thea^ (November, 
1677 ) consisted of a luge UfOtbourine, and Ijba condenser already deocribed wag plac^ 
doee to it Tho plates or loaves qf the oondenser are driven spaiC and hfongbt 



879 


ISbBPHONS 

iMathip by the ffidnljiig eleet^Ie onirent, leodvoiiv thni a mmiber of lonnd-ireTMb 
wmoh Mt 190a we nembmne of the dn^-heed uid prodooe moiioel eoande of e 
moie or lew ]^eeeiDg goeUtyi end of mflhnent iateneitj to be heeid at any part of 
each a oaM as the aoditonwii of a theatre. The ootee reeemUed thoee of toe haut- 
1 k^, oroaMooB, bat the loiuority reeembled the early eilorU of a tyro with the 
Ante. ▲ eeriee of tpalve t»Biog^fBrhe,xaaguo from G below the etalT to Q above, 
were employed Jbr obmoii^ the moeloal TiManooe. bet whether eome of these re- 
quired a^uetingi or w oondeneer wee ijMepable of taUsf up only oertain ratei of 
Tibxatiou. and reproduelng them le moiioel toneii we oannot determine. 

Fowexfid ootee were pven out at intwrali, quite anffleieiit to show that a little 
further inyestigation moet lead to the production clan inetruinent of oonaiderable capa- 
bility. The reproduction of an air ie a eneeeee yet to be aohieyad by this instrument. 

Ae it if desirable that a record of all that hae been aoeompUehed in the procesa of 
hif inquiry, the Simt IndmrtH0Ut (1877i p. 188 ) eaje:— 

*For seyaral yean inventcdl have endeayouied to eolve the mUem of transmit- 
ting to a dietanee articulate and mnsieal aouade. Borne of WanaTffroHB’B earlier 
experiments, on the dgumtiye eigne produced by sounds, have led others to more 
BuccesefUl reaults. In 1860 , Itinse of Friedriensdorff, following the labonrs of 
WunTuaxM, hUnuw, and Hunby, invented the telephone bearing bis name This 
instrument is in two chief parts — a transmitting and a receiving instroment. The 
first is oonetnieted with a stretched membrane, which, vibntiug in unison with the 
waves communicated by musical sounds prodnosd in its neighbourhood, transfonns 
them into a series of electric currents by a simple contact apparatus. The receiver 
is constructed upon the principle that a distinct sound accompanies the dem^netin- 
tion of a bir of soft iron placed in the interior of an electro-magnet. The intensity 
of this sound is increasedf by resonant boxes, a note of, say, a hundred vibrations 
being produced in the neighbourhood of the transmitting apparatus. The membrane 
makes 100 vibrations, and establishes and completes the mrouit ot the electric cur- 
rent 100 timee, giving the same number of demagnetuations in tbs receiver, ths bar 
of which thus pi^uces the corresponding note.' 

The ‘ Harmonic Telegraph,' which appears to have been first introduced by Elisha 
Quay, of Chicago, by which musical notes are clearly transmitted, is thus deecribed:— 

The patentee divides hie invention into three parts. The ol^ect of the first part of 
the invention is to insure the transmission of tones of uniform amplitude of wave, 
whether a greater or leu number of tonu be transmitted simultaneously, which end 
is attained Dy combining each musical tone transmitter with its respective section of 
the main battery, by a short or shunt circuit, in sneh manner that each section if 
utilised for the transmiuion of the vibrations of its own tone without interfering or 
drawing upon the other sections of the battery or opening the main circuit ; and, 
when not transmitting, the unemployed sections of the battery flow steadily to line, 
without afilbeting the working transmitters of the other sections. This part of the 
invention thus posMsses two dietinguiehing chamcteristice. First, that of a main 
cironit always closed ; and second, the passage through this drcuit of a emooth cur- 
rent, so to speak, when all the transmitters are quiescent, each transmitter when in 
operation throwing its respective portion of eaid cnrrent into vibration, eo that there 
may be a smooth cnrrent and one or more vibratm wavw simultaneously transmitted 
through the circuit, or the entire current may be thrown into vibration. 

The obiwt of the second part of tbs invention is to dispense with local batteries 
and all adjustment at the receiving end of the line, which end is attained by means 
of an apparatus consisting of a turned bar or reed suitably attached to on electro- 
magnet, and the whole mounted upon a resonant box closed at one end, the cavity of 
which is tuned to the same fundamental as that of the aforesaid reed or bar, which 
apparatui analyses composite tones transmitted electrically through a wirsb whereby 
the operas ie enabled to imd directly from the tone transmitted. 

Hie object of the third port of the invention is to ftmish an attachment to the 
analysing apparatus, wherefy ths vibrations of the air colnmn within ths resonant 
cavity airs mm to produce a corresponding vibration in a diaphragm snitabfy mounted 
in frrat of Said cavity, ehich vibrations are communicated to a ronng or bar operating 
a local circuit, which local circuit may be attached to soy of the various forms of 
telegmpbic recording instrummits. 

battery Is connected with its respective transmitter by a short oneuit or shunt 
wire. Each battery is divided into sections 1, 2 , 8, 4 , 8, 6, not by separating or dU- 
oonnectiBg its Celll, but by throwing a short eireu t or shunt wire aroiind each seetion. 
Earii diuBt wire runs thri^h its own key and vibrating tra' simtter : for instnncs, a 
wire passes in section 1 of battery 1, which le at the line end of the battery ; a wire pisses 
from the ncqgative (— ) pole of the battery to one binding aerow of the hnnsmitler, at 
trhioh point the eirouit divides, one branch eonnectiirg to line end Ae other to the 
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Tibrstiiig 1)ar of tlie tnmmlttor thfougb the bteak-poiD^ which le in thfi iutMiee a 
fhnntJng point. The oireuit then pnacee fb the other bindinff ecrew, end thenoe to the 
key lever. The anvil or lower point of the key U conneeted directly with the en^ of 
a wire, which forma the dividing line between aeotiona 1 and 2, forming part of the 
abort ciieoit of each aeetion, and ao on. 

Now, if the reed or bar of tranamitter be vibrated by ita local battery, and the key 
belonging to and in the aame drenit with it be depreaaed, the ahont eireuit aronnd 
aeetion 1 will be completed every time the vibrating bar or read makea contact with 
ita break point, thna producing a aet of wavea or ueetrieal vibrationa thiongfaont tiie 
line, the warea auocewing eaw other at the rate per aeeond oozreapoiiding to the 
’vibntiona cf the tranamitting reed or bar, which wavea will induce coneaponding 
impulsea in all the magneto of the power approximating one-aixth of the whole 
battery. Although these magnetic impulaes are induced in all the magnets in the 
dreuit, one only will make an audible reaponae except to a very delicate teat, which 
one in this instance w.ll be the receiver whoce reed or oar is tuned correspondingly to 
the transmitter in operatidn. All the other aectiona of the apparatus are connected 
up and operated in a manner predaely similar, each operating on ita own section of 
battery. Each transmitter diners in pitch, and has its oomplement in its own corre- 
eponding receiver. By working with this system the main dreuit is never opened, 
owing to the fiict that the integrity of each set of waves is preserved intact, thus 
rendering an analysis easy at the reedving end of the line. 

The vibrating tongue-reed of steel is fastened to a support and united with one pole 
of a magnet The free end of the reed passes close to, out does not touch the other 
pole of the magnet. The resonance box is constructed to produce the maximum reso- 
nance of the desired tone, and the reed is accurately tuned to correspond. Thus, as 
the reed vibrates, the sound of its fundamental tone is intensified by the resonance of 
the box. If an electro-magnet be connected in a telegraph circuit, and a note be trans- 
mitted by one of the transmitters, the note will sound in the box, provided the tone 
transmitted oorresponds with that of the box. Should a second analyser be similarly 
placed in cirenit, and timed to a different pitch, and a second note of corresponding 
pitch be transmitted, it will sound in the box of corresponding pitch, without afTecting 
the other. As many as eight different tones simultaneously transmitted through a 
single wire have been thus analysed and reproduced. That musical sounds should be 
transmitted by telepaph is less remarkable than it first appears. We have onlpt to 
consider the conditions of the problem. Sound is, of course, the result of air vibrations. 
If it be possible to reproduce at any place an exactly similar series of vibrations to 
that occurring at any other place, the same sounds will be heard at both spots. The 
vibrations must obviously be precisely similar — of the same rapidity, to nve the tone 
or pitch ; of the same amplitude, to give the intensity or volume of sound ; and, more 
diActdt to explain, they must idso be such as to ^ve the quality, which Hblhholtz 
has shown to d^nd on the * harmonics* accompanying the primary tone. 

It is not difficult to say that the vibrations of a tuning-fork, making and breaking 
an electrical circuit, will produce pulsations in the current, which can, by their action 
on a magnet, alternately magnetised and demagnetised at each interruption and for- 
mation of the circuit, produce, exactly similar vibrations in another toning-fork, 
through a long circuit having similar forks nt its end. 

On November 28, 1877f ProfeMor A. Ouxhxm Bkli., the patentee and inventor 
of the telephone, which is now attracting universal attention, delivered a lecture 
at the rooms of the Society of Arts, and this paper has been published in the Joumiil 
of that Society. It is important to preserve the inventor’s own words, and we copy, so 
far aa is consistent with the difihrence between an address in public and a permanent 
record, Professor Gbxkak Bbll'b paper, omitting, however, a few specnlations which 
relate rather to the fixture than to the present ; — 

* Telephony is receiving at the present time a great deal of attention from men of 
science all over the world, and it is my intention to try and give vou a short 
account of the means by which sonnd can be produced nt a distance by electrical 
menns. There are probably many here present who msy recollect theea^ telephonic 
experiments made in this country by tbs late Sir Ckarlks WinanToim. These experi- 
ments were repeated, and perhaps improved upon, in America, by Professor Hiwbt, 
of the Smithsonian Institute, and others. I may direct your attention for a moment to 
one of these earlier telephonic exMrimeiits in America. Two pianos were placed, one 
on each side of the road. A long deal xod was tsken across the street from the window 
of une house to thstof the other, and the two ends of the rod were eonuef*ted to the 
sounding-boards of the pianos. Under these circumstsnees, when a persbb played the 
piano in one house, the piano in the otlier bouse seemingly played hf itohif. The 
vibration of the sounding-board wsn communicated msehanically throogh tbs lohg 
wooden rod, and, at the ^er end of this wooden circuit, tbs sounding boerd of the 
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gther pluo was §et into Tibntioii, anf th« itringi of the piano, which ware io ttoisou 
with tmMe of the flnt one, #en thrown aymputhatieally into action, and produced 

iDiiaio. 

« Another teleph*»Dio experiment may be ceen going on in the atreeta of London on 
almoat any day. Yon may aee peraona in the atreet exhibiting a amall membrane 
with a thread or a atring attached to the end of it, and at a diatance of 100 varda or ao 
there ia another membrane. The two membranea are united by thin thread or atring, 
and if you talk to one of theae membranea it ia thrown into vibration, and that 
vibration ia mechanically communicated through the string to the other, and the sound 
is produced in the o^er membrane. If you obaerve for a moment the modus opsraudi 
of the thread telephone, you will aee that there are two membranea which control one 
anoth^a action through the vibration of a atring. One of these membranea ia ibreed 
to vibrate ; it pnUs the ol^er by the string and releases it, and the two vibrate to- 
gether. In this cose, then, the sound ia mechanically conducted along the string ; but 
in electric telephony the sound is not communicated along the wire at all. It exists 
in the wire as a current of electricity, which prodneea, do novo, the vibration of a aound 
at the receiving end of a circuit. 

* In examining the means by which sound can be electrically produced, I would direct 
your attention to several distinct species of what may be called telephonic currents of 
electricity. I distinguish three varieties of telephonto currents, which I will designate 
intermittent, pulsutoiy, and undulatory. The characteristic of the pulsatory current 
is a pulsatory change in the intensity of the continuous current ; but the undulatory 
current, to which attention will be chiefly directed to-night, it a continuous current of 
electricity, the intensity of which varies gradually, and in a manner proportional to the 
vamng velocity of a particle of air. 

‘The three radical varieties of telephonic currents may be subdivided into direct 
and reversed currents, or those in which the impulses are ml of one kind, either posi- 
tive or negative, and those in which the impulses are reversed or arealtemately poaitivd 
and negative. You may still further discriminate varieties of direct currents accord- 
ingly ns the impula«>8 are all positive or negative. You may have a positive inter- 
mittent, or a negative or reveraod intermittent current, so that yon have nine varieties 
of telephonic currents. 

* So far as I am able to find, all previous experimenters in this branch of aoience 
have used intermittent or pulsatory currents in tWr attempts to produce aound, and I 
believe that 1 am the first to conceive of the employment of undulatory currents, where- 
by not only a noise or musical sound may be produced eleotrically, but sound of any 
kind — the timbre of the sound as well as the pitch and force of it ^ing preserved. 

* The question will naturally arise in your minds, How can these currents of electri- 
city be produced ? It will be my object chiefly to speak of the undulatory current 
and the means of producing it ; but I may here state that 1 have not yet been able to 
produce a true undulatory current, and the methods which I shall show you are only 
approximately undulatory. I shall first Mjnsider one of the means by which inter- 
mittent currents of electricity can be produced. This is illustrated by an apparatus 
devised by Hkucxoltk, consisting of a tunTog-fork placed between the poles of an 
electro-magnet ; a platinum wire attached to one of the prongs of the tuning-fork dtps 
into a cup of mercury, thus completinga voltaic circuit. So long as the platinum wire 
touches the mercury, a current of electricity traverses the circuit, passes through the 
fork, and then through the electro-magnet, and so to the other pme of the battery. 
Under these circumstances, so long as ^e circuit is closed, the soft iron core of the 
electro-magnet attracts the prongs of the tuning-fork, and the result is that the 
prongs are separated : the result of that is that the platinum wire is lifM out of the 
mercury ; the moment it leaves the mercury the circuit is broken, the eunent of eleo- 
trioity ceases, the magnetism of the mi^et ceases, the attraction of the iron core 
ceMss, and the fork aprings back by its own aluticity. Henoeb the moment the 
platinum wire touches tne mercury ap;ain, the pronn are again attracted apart, and 
ore again released, so that the result is that the fork is thrown into continuous vilu*a* 
tion, and at every vibration it makes and breaks the voltaic oiiouit, thus eausii^ an 
intermittent current of electricity. 

* The means by which a musical tone can be produced by means of this intermittent 
eurrent of electricity is by a fork, also arranged by Hnuisoiax, by which one tuning- 
foric is made to oommunioate its vibratiomi to anotoer fork of the same pitch, by 
means of an electrical current conveyed through a wire. By the use of a Tosonator 
placed in ficont of the secoud fork, you can reii^oree the sound and maJee it louder or 
softer, by opening or closing the orifice of the resonator. There was another arrange- 
ment HBLiiHOi/re, by means of which a nnmbar of tuning-forka are aat in aintultn- 
naouB vibration by the action of one fork dipping into mercury, so that you hoTe n 
large number of musical tones produced simultaneously foem these forks. fisunioiiTi 
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made a very remarkable experiment with fiiese forke, vaiying their loudneea by 
reeonaton, eo as to combine tne mueieal tonea in different proportione, and the reenlt 
was that he was enabled to copy the timbre of sound. He was able to produce by 
this external reinforcement of the forks, the effects of certain vowel sounds, for 
instance, oo or ah, different forks being reinforced in different degrees.' 

The Professor next produced a diagram of an apparatus for the production of an 
approximately undulatory current of electricity. ‘ I Inave here,’ he said, ' a harp of steel 
roas attached to the poles of a poworiul permanent magnet, and the same arrangement 
is repeated at the other end of the circuit. Between the rods of this harp we have 
U eaw end an electro-magnet. We know that when wo move a magnet in the neigh- 
bourhood of an electro-magnet we induce in the coils of the electro-magnet a current 
of electricity, the intensity of which is proportional to the velocity of the motion of 
the magnet ; and not only so, but the kind of current, or ito polarity, depends on the 
direction of the motion of the magnet. Hence, we have nor undulatory current of 
electricity. This undulatory current maybe utilised to produce a sound at the distant 
end of the current in the following way : — Let us s'jppose, for instance, that we have 
these two harps, that we pluck with the finger one of these rods ; it vibrates, and 
produces a certain mueieal tone. In vibrating, we have an undulatory current of 
meotrioitv produced, which traverses the circuit and passes round the coil of the 
distant electro-magnet. What is the result there ? The result is, that this electro- 
magnet alternately attracts and repels the rode about it— the positive current attracting, 
and the negative current repelling, them ; so that when an undulatory current traverses 
it we have a succession of positive and negative impulses, and the soft iron core alter- 
nately attracts and repels the rods above it, and the rod which is in unison with the 
one agitated at the other end will be thrown into vibration. So if vou were to 
play a tune upon this harp, the corresponding rods at the other end would be thrown 
into vibration, and the tune would be rep^uced. But you will observe that the 
Iwibration of this harp is not communicated through the wire mechanically — as in the 
case of the piano experiment that 1 have reforr^ to — but the vibration of the rod 
creates or induces a current of electricity, which current traverses the wire (of course, 
with the speed of electricity), and will go to any distance, so that instead of having 
one of these pianos on each side of the road, you may have them hundreds of miles 
apart, and a telegraph wire between them, and play one piano, and the other will 
appear to play by itself. 

* By Hblhholts^s apparatus for the artificial production of vowel sounds, we see 
that certain timbret of sound are produced by causing the tuning-forks to sound 
simultaneously, with different relations of force. By the arrangement just described 
we can cause certain of the rods of the harp to vibrate wich certain relations of force. 
For instance, if one of these rods is plud^ very forcibly, the current of electricity 
produced will be voiy intense, because the intensity of the current depends on the 
velocity of the moving body. Hence, when you vaiy the amplitude of the vibration, 
you vary the intensity of the current. Accordingly, if you pluck one of the rods ve^ 
forcibly, you will have an intense current produced, and the corresponding rods will 
be thrown into vibration forcibly , but if you pluck the rod gently a feeble current will 
bo produced, and the rod at the other end ie thrown into vibration feebly. If you 
sound a number of these rods simultaneously, with different relations of force, you 
will find the rods of the corresponding harp thrown into vibration, with corresjionding 
relations of farce. So that if you can produce a vowel sound bv vibrating simulta- 
neously a number of these rods, you can transmit a current of electricity which will 
produce the same sound from the harp at the other end of the wire. If you sing into 
a piano, keeping the nedol down so as to leave the strings free to vibrate, you will 
find that not only is the pitch of your voice echoed back to you from the piano, but 
also an approximation to the quality of the vowel. If you sing ah or oo, you will find 
an approximation to these sounds produced from the piano. And the theory shows 
that if the piano had a very much larger number of strings to the octave, we should 
have not an approximation but a faosimile of the vowel sound. When you sing the 
■ound into the piano, certain of ^e strings are set in vibration sympathetically by 
the voice, with different degrees of amplitude, and the result is that yon have these 
■trinn going on vibrating after the voice has ceased, with the result that the force 
and UM vowel sound is ewoed back. 

* The first form of articulating telephone was the following: If you had a large 
number of steel rods to the octave, and were to speak in the ncighbourbood.of such a 
harp, the rods would be thrown into vibration with different degrees of ampUtude, 
producing eunants of electncity, and would throw into vibration the rods at the other 
•nd with the same relative amplitude, and the Hmbre of the voice would be repro- 
duced. 

' However, there are still simpler methods of producing undulatory eunents of 
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electricity, a&d the beet way of ahowing^he method of producing the required current 
will be to trace the rarioue atepa by imoh the present telephone has grown from the 

*^*The?f^t product upon the line of wire by the vibrntion of two of the rods of 
the harp has been described ; and the effect of vibrating a number of permanent 
magnets eimultaneouely over an electro-maCTet roust bo considered. 

^rofewor Bbll, in nia lecture, deecnbed in detail, and showed by a diagram, the 
result of the combined vibrations of two notes, forming a mi^or chord, the ratios of 
the vibration being as 5 to 4, and the resultant curve being the algebraic eum of the 
twoj 

* The effect is, whan you vibrate more than one of these rods simultaneously, to 
change the shape of the electrical undulation, and a similar effect is produced when a 
battery is included in the circuit. In this case the battery current is thrown into 
waves by the action of tib permanent magnets. Hence, you will see tliat the resul- 
tant effect on the curreut of a number of musical tones is to produce a vibration which 
porrosponds in every degree to the moving velocity of the air. Suppose, for instance, 
yon vibrate two rods in the harp, you have two musical notes produced ; but of course 
if you pay attention to a particle of air, it is impossible that any particle of air can 
vibrate in two directions at the same time ; it follows tho resultant form of vibration. 
One curve would show the vibration of a particle of air for one musical tone, the next 
one for another, and tho third the resulting motion of a particle of air when both 
musical tones are sounded simultaneouslj^. You have, by this apparatus, the resul- 
tant effect produced by a current of electricity, but the same resultant effect eonld be 
produced in the air. The resultant vibration of the air from different sounds, that is, 
the variation of the velocity of a moving particle of air, repreaents graphically the 
movements of air for certain vowel sounds. There was a cone into which you spoke, 
which condensed the air from your voice ; at the small end of the cone you had a 
stretched membrane, which vibrated when a sound was produced, and, in the course 
of its vibration, it controlled the movement of a long style of ^ood, about 1 ft. in* 
length, and these curves wore drawn by the style upon a surface of smoked glass, 
which was dragged rapidly along. 1 uttered the vowels that are here shown, viz , 
e, ay, th, ah, oak ; these vowels wore sung at the same pitch and with tho some force, 
but you will observe that each is characterised by a shape of vibration of its own. In 
fact, when you come to examine the motion of a particle of air, there can be no doubt 
that eveiy sound is characterised by a particular motion. It struck me that if instead 
of using that complicated harp, and vibrating a number of rods tuned to different 
pitches, and thus creating on the line of wire a resultant effect, wo were at once to 
vibrate a piece of iron — to give to that piece of iron not tho vibration of a musical 
tone, but to give it the resultant vibration of a vowel sound— we could have an undu- 
latory curreut produced, directly, not indirectly, which would correspond to the 
motion of tho nir in the production of a sound. The difficulty was, however, how to 
vibrate a piece of iron in the way required. The following apparatus gave me the 
clue to the solution of the problem in the attempt to improve the phonautograph:— - 
I attempted to construct one modelled as ivparly os possible on the mechanism of the 
human ear, but upon going to a friend in Boston, Dr. Claubmcb J. Blakk, an aurist, 
he suggested the novel idea of using the human ear itself as a phonautograph, and 
this apparatus we constructed together. It is a human ear. The interior mechanism 
is exp^ed, and to a part of it is attached a long style of hay. Upon moistrainff the 
memorane and the little bones with a mixture of glycerine and water, the mobiluy of 
the parts was restored, and on speaking into the external artifleial ear, a vibration 
vm observed, and after many experiments we were able to obtain tiaoli^ of the 
vibration on a sheet of smoked glass drawn rapidly along. Many of thCHM were very 
beautiful. I would direct your attention to the apparatus itself, as it gave me the 
clue to the present form of telephone. What 1 wanted was an apparatus that shotld 
be able to move a piece of iron, in the way that a partide of air is moved, by ths 
voice. It struck me in the course of these experiments that there was great djspro- 
portion between the tissue of the membrane and the bones that were moved 1^ the 
membranes, and that if such a thin and delicate membrane could vibrate a mass ef 
bons^ so disproportionate in size and wewht, perhaps a membrane might he able to 
vibrate a pl^ of iron in the way required 1 therefore constructed a second fbm of 
articulating telephone, founded on the first apparatus, by which 1 was, at the ^hne of 
these experiments, producing Undulato^ electricity for the purpose of producing 
miuical tones. It was rimusr to the frrmer arrangemeiit, exoe^ that miteeiA 
being attached to a permanent magnet it was attached to one pole of «n 
magnet, and magnetised by means of a battery current. A eorrent bfing piiM 
through the coils of the magnet, this piece of iron became magnetic, and a rod attjaroed 
to one pole would of course beemne magnetic also, as if uttaehed to a perfUOi|Oiii 
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inagi^ 10 thot, on Tibnting the rod in anv Iray whatever, the battery current wai 
put in open lion, and the oorreiponding rod at thl other end thrown into vibntion* 
1, therefore, took thie apparatue, and inetead of clamping the rod firmly, it wai 
attaehed Looeely to one extremity of the magnet, and the other end wag attached to a 
atretohed membrane of goldbeater*e akin ; and the aame at the other end. The idea 
waa that on apeaking to thia membrane, it would be thrown into vibration, and cauae 
the vibration of the piece of iron, that, in fact, the iron would follow the motion of the 
membrane, that ia, of the particlea of air ; it would, therefore, induce an undulatory 
current of electricity, the intenaity of which would vary with the motion, and at the 
other end the intenaity of the magnetic attraction would vary in a aimilar way ; ao 
that the piece of iron at the other end, hein^ attracted and repelled in a varying 
manner, would be thrown into vibration, copying the motion of the first, and it in turn 
would cause the motion of a aecond atretohed membrane, wh^ would move the air in 
the neighbourhood, and we ahould thus have a sound produced. The idea was, that 
not only would the two pieces of iron vibrate together, hut the form of the vibration 
would be the aame, so that on apeaking in the neighbourhood of one membrane we 
ahould have a fao-aimile of the sound produced at the other end. The apparatua waa 
cooatructed, but the results were rather unaatiafactory. My friend, Mr. Tuouas 
WaTBON, who aaaiated me, asserted that he could bear a very faint aound proceed 
from the second membrane when 1 spoke in the neighbourhood of the first. En- 
couraged by thia fact, 1 varied the apparatus in a number of waya. and eventually 
produced tliMe distinct forma of apparatus, which were exhibited at the Centennial 
Exhibition. I came to the conclusion that this piece of iron was probably rather too 
heavy to be set in vibration by the membrane, and I therefore madf^ it as light as 
possible; in fact, I took a piece of steel spring, only about the size of the pole of the 
electro-magnet itself, and glued it to the centre of the membrane. Upon constructing 
two of these instruments, there was no mistake at all that articulate speech was pro- 
duced ; but it was of a very imperfect nature. 'When a person sung or spoke into 
one of these instruments, you could distinctly hear the tones of the speaker^ voice at 
the other end, and could recognise that there was articulation there, and when yon 
knew the sentence that was nttered, you could recognise the articulation, and it 
seemed strange that you could not understand what it was at first. The vow^ sounds 
seemed to be copied very fairly, but the consonant sounds were entirely alike. 

* Another form of apparatus was constructed at this time for producing an undo- 
latorv current. It consisted of one portion of the opparatus turned horizontally ; 
Httachod to the membrane of gold-beator's skin is a little bit of cork carrying a plati- 
num wire, which dips into a cup containing water. We know that water ofifors an 
enormous resistance to the p wsnge of an electrical current. If you place two wires 
in water, separated a slight distance, the resistance offered by the water is very 
great ; hnt if you bring the wires nearer together, the resistance becomee lese and 
less, BO that the current of electricity becomes stronger and stronger, and when the 
two wires can be put in actual contact the resistance of the water may be ignored 
altogether. Hence you can see that by vibrating two wires to and fto in a liquid of 
high resistance included in the circuit, the battery current can be thrown into waves, 
and the resulting current may be considered as approximately undulatory ; and with 
this form of apparatus I waa able to produce articulate sounds. But it was no im- 
provement on the first. 1 produced the effect of articulate speech by vibrating the 
conducting wire in this wav in pure water, in water acidulated with dilute sulpnurio 
and other acids, in salt and water, and in a number of other liquids. 1 also produced 
the same effect by vibrating a solid of high resistance in a liquid of low msiatanee. 
Instead of a platinum wire dipping into water, I had plumbago dipping into mercury. 
The plumbago offered a good ml of resistance to the passage of uie current, but as 
it dipped into the mercury it offered less and less, and by Imving a very small piece 
of plumbaM vibrating in the mercniy, the current was varied in a manner approxi- 
mately undulatory, and articulate effects wero produced when this apparatus was 
used as a receiving instrument 

* I found, however, that the best means 1 could devise for producing an nndolatory 
current was the apparatus 1 will now show you, hut it did not serve well as a re- 
ceiving instrument, and I was therefore led, after many experiments, to oonstiruct 
another form of receiving instrument keepii^ this for transmission. 

*Ths form of receiving instrument to which I was next led consisted of s hollow 
box of iron, with the electro-magnet inside, and a thin diaphragm of iron laid on the 
top as a Ud. Upon resting the ear closely against this diaphragm, articulate sounds 
were very clearly perceived, when the first instrument, os shown at Philadelphia, was 
used ss a transmitting ir-strument. I was so convinced, from these experimsntSL that 
the inductive method of producing an undulatory current was the best method, that I 
determined to razy the oonetruotion of the first form of apporatns, and I gradually 
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varied the vise and power of my magnet and the eiie and thickneee of the iron epring 
attached to the membrane, and the aiae ^f the coil. I found, aa 1 diminiahed the aiaa 
of the 4 !oil, the reaulting auuud at the other end became very much louder ; in fact, I 
found there waa no advantage in uaing a coil that extended beyond the centre of the 
mugnet Indeed, there is very little difference, in effect, between a ooil of that aiae 
and a mere flat apiral placed once round the magnet The iiuporUnt point is to 
cover the pole of the magnet. Every succeeding turn adds resistance, without in- 
creasing materially the loudness of sound. I vaned the power and aiae of the magnet 
by VAiying the power and sise of the voltaic battery employed to magnetise it and 
found that very Tittle effect waa produced by diminishing the power of the battery. 
In fact the efiect of articulate speech was produced from the receiving instrument 
when the battery was entirely removed from the circuit. In that case the only 
source of power would be the residual magnetism of the iron bar, and that showed 
that the only use of the bntteiy could be to magnetise the iron bar ; so, in subse- 
quent furme, I dispensed nntirefy with the vultaic battery, and used a straight bar 
of iron -magnetised steel. Increasing the sise of the iron plate attached to the mem- 
brane, a veiy large increase in the luudnMS of the sound resulted, until finally 1 liad 
a plate of iron almost as large as the membrane itself. By this, dispensiiiff with 
the membrane altogether, perfect articulation was, for the first time, obtained, and 
in this form, which differs veiy immaterially from tlie present form, von have a plate 
of iron vibrated by the voice, in front of a permanent magnet with a coil of wire 
around it. 

' On varying tne size and thickness of the permanent masnet itisfpund that wonder- 
fully little difference is produced by mugnots of very different force, snd on varying 
the size, diameter, and thickness of the iron plate wonderfully little difference is 

I produced. The chief difference is a peculiar effect on the quality of the voice I 
lave produced distinct articulations from iron plates all the way from I inch in 
diameter up to 2 feet, and from ^ inch to | inch in thickness. In fsct, if you take 
an ordinary Monsa sounder, and use that as a receiving instrument^ using a battery 
current to magnetise it, if you place the armature of the Morsk sounder close against 
your ear, articulate sounds are produced from it. This shows very distinctly that the 
effec IS probably molecular rather than anything else, and the vibration of the plate 
as a whole mars the effect. One of my beet forms of instrument was constructed on 
this model, but 1 had the cavity completely filled with a pad, to prevent the vbration 
of the plate as a whole, and it articulated beautifully. T^en the pad was taken out, 
a peculiar effect accompanied the articulation — a drum-like effect, due probably to 
the vibration of the plate as a whole. In fact, I can describe very distinctly the 
effect produced by varying the size of the plate. Suppose we keep the plate of uni- 
form ikicknoBs, and vary the diameter, comoiencing with a small plate, we have 
articulation perfectly distinct, but it sounds as if you were speaking with a cold in 
your head ; a purely nasal quality accompan es the sound. Kow, keep the thickness 
uniform, but enlarge the diameter, and as you do so the nasal effect wears away, until, 
with a ceruin diameter, you obtain a very good quality of voice. Keep on enlarging 
it, and a coarse, hollow, drum-like efiect is produced, and when you have it. very large 
it sounds as if you had your head inside a Barrel —a kind of reverberating sound. 
So keeping the diameter of the plate uniform aud varying the thickness, commencing 
with a very thin plate, you will have the same drum-like ^eet. Now, ae you gi^ually 
tliicken the plate, you have the effect disappearing. Then you get articulation, and 
as you go on increasing the thickness you have that peculiar nasal quality produced, 
so that it is probable that the fundamental pitch of the plate itself has a great deal 
to do with the agreeableness or disi^reeableness of the electrics! articulation, but the 
size or thickness does not seem to impair the distinctnees of the articulation itself. 
There is a peculiar form of mouthpiece for concentrating the air on the plate. I 
made one experiment of rather a striking nature, vis., I omitted entirely the cavity 
in the mouthpiece. The iron plate was glued solidly at every point against a block 
of wood, and 1 talked against the surfhee of the block, so that there was an inch of 
wood between my mouth and the iron plate. Yet I was able to cany on a coaversd'^ 
tion with a man three miles away. 

' The apparatus described consisted of a strong ordinary magnet, to the two extremi- 
ties or poles of which are attached properly-instated telegra^ wires. Justin ^nt ^ 
the extremities of the magnet there is a thin plate of iron, and in front of this again 
then is the mout^-piece of a epeakiug-tube. By thie last the sounds which it is 
desired to tiansmit are oolleoted and concentrated, and flUling on the metal plats 
eause it to vibrate. These vibrations, in their turn, excite in the two wires eleetricoi^ 
rentSi which correspond exactly with the vibrstions-^that is, with the original sounds. 
If, now, the two wires are connected with an ordinary line of telegraph, specially insu- 
lated ioF the purpose, the sounds can be transmitted to any distance, and, on arrmngag 
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their deetination, are reproduced in a precuelj aimilar apparatus. Already there 
are varieties of telephone, but this is its essential nature. 

' The effect of reversing an nndulatozy current is to strengthen and weaken the 
manet, and the result is that the ;»late is attracted in a varying manner, and the plate 
at the receiving end vibrates in a similar manner to the one at the transmitting end, 
and so a similw sound is produced. You therefore have the voice of the speaker 
converted into electricity here, and at the other end of the circuit you have the current 
of electricity re*converted into sound. No voltaic battery is used in this form, nothing 
but the magnet itself. 1 may here state one defect of this current. 1 have stated 
that 1 have not yet discovered the means of producing a strictly undulatory current. 
It frequently happens that for practical purples the current is sufficiently undulatory 
to produce at the other end the effect of articulate speech, but the current produced 
in the coil is not strictly proportional to the velocity of the motion of the plate, as 
was pointed out to me by my fnend Jt^rofessor Caoss, of tips Institute of Technology 
at Boston, for there is another effect produced depending on the proximity of the iron 
plate to the pole of the magnet. If it be moved unth a certain velocity, and the plate 
IS very near the pole of the magnet, the effi^t produced would be very much greater 
than if it were farther away ; so that you have the approximation or the separation 
of the two affecting the result. In fact, when the plate vibrates towards the pole the 
current produced is too strong, and when it goes frani the pole of the magnet it is too 
weak, so that the effect is not strictly an undulatory current. If the amplitude of the 
vibration of the plate is very great the defect is magniiied, but if it is lessoned the 
'effect more nearly approximates to the undulatory character. Hence the curious 
effect that soft speaking is much more distinct than loud speaking. If you shout or 
roar into the telephone you have the sound produced at the othor end very loudly ; 
but a discriminating ear will recognise that the articulation is not>^o distinct as when 
you speak more softly into the instrument. However, theory shows one way in which 
the defect can be remedied. Suppose we have alternate impulses going along the 
wire, and that when the plate comes towards the magnet wo have a positive current 
produced, and when it goes away a negative current. The coil may be so arranged 
that when the positive current traverses it the ma^et will be strengthened, and it 
will then attract the plate with greater force ; and thus, when the flret plate ap* 
p^ches the magnet the other will do the same, and thus the defect will be magnified. 
But we may also arrange the coil bo that when the first plate approaches tho magnet 
the other will recede from and thus the effect 1 have spoken of will be neutralised. 

* This leads me to a ve^ curious point in the uso of the lelephone, viz., that you can 
control the phase of a vibration by specially arranging the coil. You can take two 
telephones and arrange them so that while some person makes a mu si cal tone into the 
receiving instrument, the phasee of vibration of the plates shall be identical or 
opposed. Sir William Thomson made an experiment of this kind with me in Glas- 
gow, and we found that the telephone is a b^utifnl instrument for illustrating the 
intorfereuoe of sound. If you arrange the instruments so that you have the phase of 
vibration the same, and then place your ear to the instrument, you can perceive the 
sound approximately doubled in intensity ; bnt arrange them so that the phases are 
opposite and there is a " dead spot,” — silence is produced at one point. I never heard 
interference of sound so beautifully illustrated as in that experiment, and there is no 
doubt that many uses can be made of the instrument in acoustics, from the fact of 
our being able to control precisely the relative phases of two vibrating bodies. The 
experiments made with this telephone by Sir W. Thomson have demonstrated the fact 
of an interference in the perception of sound. For instance, take two instruments, 
one vibrating in a certain phase, and the other in a phase nearly, but not ^ite, the 
came. Place one to one ear, you perceive the souna on that ear alone. Place the 
other to the other ear and you perceive it on that ear alone. Place them to both eara 
at once, and you can arrange the phases of vibration so as to make both tympanic 
membranes act at the same time, or vibrate in a different manner ; and there is a 
curious difference in the perception of the sound. It cannot be described, bnt it is 
something of this kind. You place the instnimeut to each ear in that way ; where 
the T^see are identical you have a eingle sound, and you ma^r localise the sound say 
on the surlhce of the two ears, but when the phases of the vibrating plates are re- 
versed, the locality of the perception sesois to change, and it seems as if you heard 
the sound at the back of the hci^ instead of at the surface of the ear. Moreover, if 
you take two distinct circuits, and have one telephone on one circuit and one on the 
other, and have a musical tone produced from one telephone, which is almost, bnt not 
quite, in unison with that produced from the other, you have beats. 

* We know that if two organ-pipes, for instance, were vibrating in this room, the 
pitches of which were a^us^ in that way, we ehould be cosniaant cl beats illustoat- 
ing the interference of sounds of that sort. Sir Willum Thomson writes me that 
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he liM ihovn that the same eiFect u produced in the sonaaiion of •oimd, lor, pkeiptf 
<«ie plate to one ear and the other plate to the other ear, eo that each ear ^ereeirea 
only one sound, the same effect of beati^iras produced, showing rery conolusiTely the 
interference in the sensation of sound itself. 

‘ For the actual purpose of conTersing at a distance it is prsferable to employ two 
telephones, one in ftont of the mouth and the other at the ear, for it has bera found 
that when one tele^one alone is employed it constantly happens that persons sepa- 
raced by miles of distanee speak at the same time or listen at the same time ; and 
by placing one telephone to the ear and the other to the mouth, eonvorsation at 
once becomes practinble. 

* Of course the question will natunlly arise how far it ean be possible to nse the 
iuhtruments. That as yst we do not know. The limit has not been found. In 
liiboratory experiments no difficulty has been found in using an apparatus of this con- 
st ruction through a circuit equivalent to 6,000 miles. In this instrument we have a 
powerful compound permanent magnet, ^e longest actual wire 1 have been able to 
experiment upon has been^OS miles in len^, and no difficulty was experienced so 
loug as the other parallel wires were not in operation. The instrument is wonder* 
fully sensitive to inductive influences ; and when yon nse a wire upon the poles with 
other wires, you have the benefit of the other messages that are passing along ths 
other wires on the telephone. However, means have been discovered very recently 
by which the inductive influence of other wires can be overcome and nentmlaed, so 
that 1 hope we may have the instrument in use upon circuits of all lengths. ^ I do not 
know tliat there are any other points that 1 should like to mention, excepting a new 
application that is shown here to a diving apparatus. Inside the diver’s helmet yon 
place a telephone of convenient structure, and in the place of using a separate tele- 
graph wire we use the wire that is coiled up inside the breathing pipe. In evezy 
breathing pipe of course there must be a coil of wire, in order to withstand the 
pressure of the water, and that wire we find can be used for the purposes of the 
telephone ; eo that the wire inside this pipe is connected with the telephone inside 
the diver’s helmet, and the earth connection is simply made by fittaching the other 
wire to the helmet itself, which is in contact, outside, with the salt water. 1 had the 
pleasure of trying to converse with a diver yesterday, with perfect success, at Messrs. 
8ixuk and Qurman's, in a tank. He heard every word 1 said, and I was able to 
understand every word he slid ; and when 1 told tom to come up, by word of month 
he obeyed me.' 
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Ths actual construction of the telephone will be perfectly understood by zeformca 
to ths aeeompanying woodcuts. F^, 2660 represents the complete instrament in iht 
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fom at preieDt employed Mr. Graham Bull. This is ahown in acefinn in Jig. 
2661. The diagram {Jig. 2662) illuatratea more fully the arraogompnt of the two 
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iiiatruments at each end of a line. The two instruments are here shown, with kk, 
their earth connectiona, and the wire communication, which, of course, may ho acpa* 
rated to any dis'anoe. a a are discs of thin iron plate, placetl immediately within 
the orifice of the mouth-pioco of the instrument, and directly in front of the ^>er- 
roanent nmgneta, w a, and at a very short distance from it, about ^^th of an inch ; 
6 b' are coils ot copper wire covered with silk, which are placed quite at the extreme 
end of the magnet, being wound on the reels, c(/. This wire is connect^ at each, and 
with the line at one end, and earth, kb, at the other, so as to complete the circuit. 

Fig. 2668 represents a modified form of the instrument, drawn tew half size, which 
a])pears to possess some advantages. 

Mr. T. A. Euisoh, of New York, has endeavoured to remedy some of the defects in 
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instrument by introducing a tranamitter which is operated on by. battery 
current!, whose etrength ii made to wuy directly with the quality and inteneity of 
the human voice. In carrying out his investigations he discovered that the resistanoe 
ef plnmbigo varies inversely with the pressure brought to bear upon it. Ha there- 
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toN siiIwtitQtM for Bliss's transmitter a imAll cylinder of plumbago for the platinum 
point, d (Jig. 2AM), and he finds that this ^linder raries safflcieutly with the preiware 
of the TiWtion of the diaphragm to oanse the current transmitt^ to vary la form 
and strength to raprodnee all the varietiea of the human voice. 

■ His receiver is peculiar. He attaches to a resonator, a {fig. 2654), spring, h, whose 
platinum e, rests on chemically pfcpared paper; whenever the drum,#, is rotated 
and currents sent through the paper, the foiotion between s and a is so modified that 
vibrations are producM in the resonator, a, and 
these vibrations are an exact reproduction of ^csc 
given out by the transmitter at the other station. 

Mr. Edison has yet more recently produced an 
instrument, which he names the ‘ raonograph.' 

In the course of his researches, and especially 
while engaged in the experiments in connection 
with hiB spertking telephone, ne conceived the idea 
lif recording the human voice upon a strip of paper, 
from which at any subsequent time the sentences 
uttered might be reproduced automatically, with 
all the vocal characteristics of the original speaker. 

At present, his invention has only reached that 
preliminary stage in which it gives promise of an 
extraordinaiy future , but it has bMn sufficiently 
developed to leave no doubt in Mr. Edison's mind that in the course of twelve 
months he will be able to accomplish all he has now publicly announced. For 
ubiious roasons the details cannot be made known, nor are they, indeed, definitively 
settled; but the following explanation will render the principle of the invention 
clear. A mouthpiece and short tube is closed at one end by a flexible diaphragm of 
thin iron or other material, carrying a chisel-shaped point in its centre. This vibrating 
‘ drum ' is supported in such a position that the chisel pomt is made to indent a atrip 
of paper which passes over a roller beneath. The paper is coiled on a reel at the 
side, and has a V-shaped ridge running along the centre — such a ridge as would be 
made by a Mouse register with the lever constantly depressed. The roller over which 
the paper passes is driven by clockwork, and the slip is consequently drawn at a 
uniform but rapid rote beneath the point. On speaking into the mouthpiece the 
flexible diaphragm is caused to vibrate, and its vibrations, as we know from the 
telephone, ore sufficiently varied to make characteristic indentations in the ridge of 
the paper slip. The ridge being unsupported, cxceptTby the eubstanoe of the paper, 
is susceptible to the slightest movements of the chisel, and ae the latter is operate<l 
by the aeri^ vibrations directed against the diaphragm, the sound-wavea of small 
amplitude produce slight indentations, while the more powerful tones of the voice are 
recorded by deeper impressions. It will be understood that by this means a strip of 
paper is prepared, having on the fine edge of its ridge a series of depressions more or 
less close together, and varying in depth. If these correctly represent the vibrations 
produced by the speaker's voice, and it is poeaible by their means to repsoduoe similar 
vibrations on the diaphragm of another instminent, the exact words of the original 
speaker will be re-uttered by the diaphragm of the reproductor. That instrument 
resembles the produotor, save that it has a more delicate diaphragm, which is put 
into vibration by the least motion of a point travelling over the indented slip of paper. 
A V-shaped point is used as the traveller, and it is connected by means of a hair^ 
spring with a thread attached to the diaphragm. 

Application of the TeUphone to Mimng.—Hko first experiment with the tele- 
phone in mines was made by Mr. Abtudb Lb Nbvb Fostbb in West Wheal Elisa, 
a tin mine near 8t Austell, in Cornwall. Dr. OmBifT Lb Nevb Fostbb favours 
us wkh the following account of thie experiment : — 

< My brother Abtsub and 1 made some experimmite with the telephone on Sep- 
temb^ 4 last at West Wheal Elisa. My brother went down in the * sig,' lowered 
^ the capstan rope, and payed out the wires (two insulated copper wires) as he went 
For 10 or 15 minutes we were talking to one another. West Elisa is 42 fathoms 
deep from snrfoce. My brother went a little way into the level, and I stopped at the 
brace. Tnlkinff^ whispering, coughing, and singing were plainly heard mh above 
and below, and we could r^ily distinguish the voices. It wae found that the 
clank of t)^ drawing lift interfered with the hearing a little down below, bat when 
the engine wae stop^ every eound was very plain. I ohoee West EHsa, as it Just 
suited the length of wire which my brother nad, vis. 45 fathoms. We tried n)B«iiig 
the onnent ^ through people by interpoeing aeveral in the cirenit, and this of conree 
worked all r^ht. I riioula say that ue triephones used were made by my brother 
himself, from descriptions he had read of ^ofbssor Bbix's instraments.* 
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An enperimenti sugseatod bj Mr. Hbiibt Hau, of lUinbi^ Areiootf the Govern- 
ment Inspector ctf OoUieries, wee made at" the Preecot Colliery of the WioAX Aim 
Wmistok Coal ConPAinr, Mr. A. Ln Nkvb Fostbb being the active experimentalist 
The following aeoount of the experiments is derived mainly from the Telegraphie 
Journal : — 

* For the experiments about 600 yards of ordinary insulated wire were used, the end 
in one instance being at the bottom of the pit while the other end, brought into 
connection with the Bull telephone, was brought into the office. Mr. Hall and 
his party went to the bottom of the pit. while others remained in the office. 

* The apparatus was first used for the purpose of communicating with those in the 
mine, and the succees was complete. Even the cheering of the colliers at a distance 
fri>m the instrument was distinctly heard in the office. The instrument was then 
tested in relation to the principal practical purpose to which it is hoped it may be 
applied, the indicating on the auriace the action of the airometer below. The air- 
ometer, the invention of Mr. Hkkrt Hall, the inspects, by means of a delicately- 
constructed windmill, dhowii the rate of the current of air in the passages of the 
colliery. 

* The registration on the surface of the action of the airometer underground is 
effected 1^ making that instrument, after a certain number of revolutions, act on a 
spring, wmch vibrates against the telephone, and, setting it in vibration, the overseer 
on the surface is by the sound conveyed informed of the rate at which the current 
of air is running in the mine. This was most effectively carried out.’ 

TBXiXiTOlB]l OF OADiaZUM. (Gd Te.) Prepared by heating cadmium with 
tellurium to about 600°. The product is amorphous, and has a metallic lustre. 

TaX&UUOB KWC. See ZiKC, Tblluridb. 

* Tellurio oilver has been lately found in Chili, in grains of 8 «^nd 6 decigrams. It 
was contained in masses of chloride, carbonate, and sulphate of lead. 

* TBllurate of Uad, bright vellow amorphous particles, soluble in hydrochloric acid. 
These minerals were found in the abandoned mines of Condoriaco (Coquimbo). 
— ^F. Dovbtxu, Comptei* Bendua, Ixxzi. 

TBUntZUlIa *The ores produced by the mines of Nagy4g and Offenbanya 
are remarkable as containing; a comparatively large proportion of the rare element 
tellurium, which, although it has hitherto boon of no oommercial importance, has 
latterly been in some demand on account of a new application for the construction of 
thermo-electric batteries. The following raperiments have been undertaken to dis- 
cover a cheaper method of production than those heretofore in use. 

* The ore, as delivered for smelting; was found to be of the following average com- 
position : quarts, 80 to 40 per cent. ; carbonate of lime, 10 to 20 per cent. ; carbonate 
and sulphide of manganese, 16 to 20 per cent ; alumina, 5 to 8 per cent. ; nlena, 
6 to 8 per cent. ; copper pyrites, 1 to 2^ per cent, ; blende, 1 to 4 per cent ; and small 
quantities of cobalt, nickel, antimony, arsenic, tellurium, gold, and silver. 

* When such a mixture of minerals is roasted, a portion of the tellurium and gold 
are volatilised, and may be recovered in properly-constructed condensing chambers. 
The manganese compounds are convorted into manganic oxide, while the greater part 
of the gold is redu^, so that about 60 per cent, of the total amount may be saved 
by ama^Bsamation. By subsequent treatment of the roasted ore with weu hydro- 
chloric add, which can be done in wooden vats lined with lead, chlorine is generated 
in considerable quantity, through the action of mampinic oxide, and the whole of 
the valuable metals present, with the exception of silver, whidi remains in the 
insoluble portion, are converted into soluble chlorides. Any excess of chlorine pro- 
duced in uiis operation is economised by condensation in water, which gives a l^uor 
that can be used for rediseolving the crude tellurhun. The eolotion of eblondee 
obtained by this treatment is next cleared from lime and lead, which are precipitated 
as BOlphates, by the addition of sulphuric acid. ’The separation of these salphates is 
efleeted by Bubiddenee and decantation, as filtration is found to present oonsidssable 
diDculties. 

‘ Gold is next precipitated ftom the clear solution by the addition of a solution of 
sulphate of iron ; and after filtration, tellurium, by the action of metallic sine, which 
produces a black, muddy precipitate. This may, after waehii^ with hydnohlorio 
acid and rapid dx^ng, be converted into crude tellurium \yj fhsion, without any flux, 
in a poroelain crucible ; but the product so obtained invariably contains lead, copper, 
nick^ and antiinony, and it is therefore preferable to rediesolve the first teUuriferons 
prodpitate in chlorine water, and subject the solution ftv a oonsiderable time to 
the action of snij^urio acid, whereby tellurium in a high state of purity oan be 
obtained. 

‘ The original residue of the ehloiinatiou treatment contains, in addition to silver 
as chloride, some gold in a soluble state. By the addition of sulphate of iron to 


TEXTILE MATERIALS 


mi 


theie retidoM when in a moist condition, tho gold may be rodooed, and the rabstanee 
is then fit for traatment by amalgamation ; but fuiion With lead, when it can be done, 
is generally preferable. 

' The following results were obtained in an eaperiment conducted according to the 
abore principle: 14‘d lb. of tellurium ore, containing 14 dwts. of gold and 18*9 dwte. of 
eilror, wrre roasted for an boar and a half in a muffle furnace, 'fhe loss of weight 
WHS equal to 7*2 per cent., and 0*36 per cent, of gold and 8*8 per cent, of silver were 
computed kb lost by volatilisation. The roasted ore weigh^ 14*3 lb., of whieh 
quantity 13 2 lb. wore tidion fur eubsequont treatment by chlorine. This was effected 
by mixing it with 10*4 pints of water, 6*8 pinto of crude h^rochlorio acid (US'* 
B.), and 10*6 oss. of concentrated sulphuiic acid. The addition of the acid was 
attended with effervescence, owing to the rapid evolution of carbonic acid and 
chlorine. 

‘ After twenty-four houraptho solution waa dilated by the addition of 8*8 pinto of 
water ; the whole contento of the dissolving vat were stirred well together and allowed 
to settle for two hours, when the clear liquor was drawn off. This operation was 
repeated three timee, giving a total quantity of 2 mtUons of liquor, which was then 
treated with a eolutiun of green vitriol (3*6 pints of 26** B.) in order to separate the 
gold. This was completely effbcted in twenty-four hours, and the resulting gold, 
alter being washed, dried, and cupelled with lend, weighed 10*6 dwto., or 82*2 per cent, 
of the total contents of the ore treated— an amount that might have been increased to 
90 per cent, if the washing of the residue had been completely carried out. 

* The liquor remaining after the separation of the gold was next treated with 4*4 lb. 
of commercial sine. The black mud precipitated, after standing twenty-four hours^ 
when washed, dried, and melted, yielded 19*3 dwto. of crude tellurium, or about 0*43 
per cent, of the weight of the ore operated upon. The consumption of sine was about 
3 per cent, of the weight of the ore. The argentiferons residnes were found to con- 
tain 2‘6 dwts. of gold and 10*0 dwts. of silver. The final result, therefore, gave about 
2 per cent, of gold in oxco8h of that indicated by assay, while the doss ctf silver was 
about 6*0 per cent. These differences, especially that of the raid, the author ascribes 
partly to the difficulty of sampling, owing to the unequal distribution of very rich 
minerals in the mass of earthy substances forming the ore, and partly to the irregular 
loss by volatilisation of the precious metals with the tellurium in toe assaying pro- 
cesses, which is always observed with these minerals. The author condndes by 
pointing out that this method is likely to be of considerable value to the NagyAg and 
Offenbinya mines in the event of a demand for tellurium arising on a large soide.'— 
Ml the Produotum of TMuHwn from ths JVanaylwmwn Gold Om, by 
A. Hauuh, Oest. Zeitsohrtft f&r Bof^ und HiUtenioewn, vol. zziv. p. 240. 
of Papers in Foreign Traneaation$t Institute of Civil Engineers.) 

**^*-*^ OBMVIdL The tree producing myrabolani, which ore much 
need in dyeing on account of the tannin they contain. 

TBBiVIU MATBBIAU. (See Toxtilb Fabbicb, vol. iii. p. 979). The vast 
collection of fibres gathered together at the late Centennial Exhibition wnitoed an 
opportunity of g^uping the varietiee of textile materials of all kinds. The Cotton 
Exhibition at Philadelphia preeented naturally a fine display of cotton fibres, the United 
Siatee being the greatest cotton-piodncing country in the world. Amongst the most 
remarkaUe were the following *. — Sea Island long staple cotton, from Florida ; other 
examples from South Carolina and Georgia, both of which etates produce the ^eet 
and moet valuable of cottons. Texas sapplied some good cotton, and good samples 
were shown from the Bed Biver, in Upper Louisiana. (See Cottoh.) From countries 
otoer than the United States, specimens were fnmiriied by — 

Atutbaua, QoaasrsiJiMD. — Admitted to be equal to the American cotton. 

Th> Fi» Ibi^qidb. — Of long, delicate, rill^ ^re, adapted for spinning. 

BaAKiL. — The oottons from Femambuco, nnthyba, and Maranhao, were excellent 
in quality. « 

Tkx ABomrmfB Bxpi7BLic.->From the provinces of Catamasea and La Bioja. 

JaitaiCa. — Especiidly samples of wild cotton. 

!^fsw OalXdohxa. — Some fine examples of long and delicate cottons were shown. 

Tm ^upMin IsLAMiHi.— These are of short staple and unequal in quality. 

Cuba sent the long pods of Bomkeue pintandra crowded with seed and covered with 
a cotton-like fibre. 

JBaTPT.— From the estates of the Khedive various samples were shown. 

Buuu contributed cotton, both white and dark buff; produced in small balla from 
Bnebaria aftd the neighbourhood of Samareaod. 

Wool was to be found exhibited \ij a number of conntries. For the United 
States individual exhibitora seem to be alq^Oet entirely wantras, although wool p^ne- 
tion i^ matter of no small importance in several regions of the country. Wnile the 
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euUeetion included wool ftrom a number o£rthe northern and middle States, it was 
especially rich and Interestixiff in specimens from a belt stretchii^ across the continent 
further south, and including Texas, part of Mexico. New Mexico, Nevada, Colorado, 
and California. The New Mexican and Californian specimens were partioularljr in- 
teresting; some of the latter, from imported herds, showed the marvellous fertilitv 
and variety of production of the States whose names have long been associated with 
gold, but whicn yield many other treasures of perhaps more permanent impor- 
tance. 

There were some good examples of Spanish and Australian wools. From Spain 
a fair representation of her merino wool of fine (quality, some of the best coming 
from Seville; Madrid and Huelva being also creditably represented. There was 
quite a considerable proportion of black merino. Burgos sent some very long comb- 
ing wool, and from Murcia came one very curious specimen of fine white merino, 
qmte short, and with a very singular close, crisp curl, c Portugal had a large and 
well-selected series of wool Samples, amongst which the black wool of Braga n(;a and 
Evora was quite noticeable. In the German section there was one small but choice 
display of Silician merino wool from GarlsdurfT, near Jordansmiihl. A number of 
' samples both of wool clipped and in the fieece came from the Argentine Republic - 
muen of the fieece wool 4 inches to 6 inches long, and remarkable for rapidity of 
growth. Most of this comes from Buenos Ayres, and was more remarkable for weight 
than fineness There were one or two exhibitors of alpaca wool from the Argentine 
Republic, but the representatioii was quite inadequate. One very remarkable fieece, 
of a p'lre Nogrette ram, was said to weigh 31 lb. The Australian Colonies made quite 
handsome contributions in this department, and sustain their claim to rank amongst 
the most important regions of production. New South Wales bad ^ large and fine 
lot of wools — nearly sR merino. One of the best individual ooutributious was that 
of Spannauan and Jannt — long, fine, crisp merino wool. A. H. Lown, of Pynevor, 
had Angora weol, product in part of a fiock of some 300 animals. Victoria sent two 
or three important classified assortments of samples from Port Phillip, besides a 
number of individual contributions. South Australia had also a fine collection— silky 
Lincoln lambs* wool and long combing merino being most noticeable. Queensland bad 
a few admirable fieeces, one from a colonial-bred ram, of 12 lb., the growth of eleven 
months. Tasmania sent some thirty samples of good merino and Leicester wool. 
From the Gape of Good Hope there were not manv specimens or of very choice 
character. Russia made a fine display. Amongst the most interesting features of 
her collection were the washed wools from Cherson, aud a series of merino samples 
showing length and character of staple, from the Karlopka estate of H.I.H. the Grand 
IlucheBS Cathhrinb Michaulofbra. In connection with wool may be mentioned two 
or three interesting English examples, illustrating the production of shoddy, mungo, 
&c., by tearing to pieces, carding out, and cleaning the material of woollen mgs, 
worn-out garments, blankets, dec., as also the separation of any remains of vegetable 
fibre. Turkey and the Orange Free State of South Africa sent each a little Angora 
wool, the former being of beautifrlly silW character. 

6KIX :, — The Philadtilphia Exhibition afforded also an excellent opportunity for the 
display of silk, especially from new districts. The only one of the United States 
contributing to any extent was California, where silk culture has been carried on upon 
a considerable scale and auccossfully for a number of years. In the Californian 
section were seen huge piles of cocoons, with beautiful reeled silk, white and yellow ; 
also specimens of the living worms, e^, &e. Of the old silk-producing countries, 
there were a few exhibitors of raw silk from the South of France, chiefly from the 
Department du Gord. Italy also sent a little, and some of great beauty, but not 
such a representation as might have been expected ; and the like may be saia of Spain. 
Portugal had some strong and rather coarse thrown silk, besides cocoons. 'There 
WHS, amongst the Russian collection, a curious lot of silk feom Central Asia, looking 
as if it werejpmbably the product of some other insect than those generally known. 
In the Egyptian Court there was a showy display of cocoons, but no remarkable 
product of reeled silk. Japan sent some very beautifhl cocoons and reeled and thrown 
silk. China also sent raw silk. In the South Australian section there was one little 
ease of raw (reeled) ailk, presenting on unusually lustrous appearance, which caught 
the eye at once, though the fibre was somewhat coarse and heavy. BmsU contributed 
some very good raw silk. 

Ifemp, and MiaoellamouB Amongst the other varieties of fibres ex- 

hibited the following may be particularised : ~ 

Jwneo, Z$a, sent from Spanish colonies, manufketnred into hard mat- 
ting, strong* oord^, and fine paper. 

pita Jibn was sent from the Canary Ii^nds and from the Cape de Verds« and 
«xain|des of local manufacture. 
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Ctfwta nfMM.*— A itfooff blaok fibre the PhiUppine Idende, together with 
the Cm emhia or emma {fialmM, Bp.), mhde into a obse hard cordege. 

Naho {naudta toabia^^k eoft baet-like fibre fh>ia the island of Leyte. 

NUo ( Ug$M Mmi-Autete).— A eoaree fibre much resembling coir. 

' Jbaea, or Manilla Hmp {Mma Some fibres were exhibited in huge 

bundles, hanging straight down about 10 feet long, white, strong, fine, and glossy ; 
also Manilla Hamp from the islands of Luson, Leyte, and Mindoro. 

SanHivara draonka, called also Bowatring Hamp.' A bright, strong fibre, looking 
like MAnilU hemp, was sent from the Mauritius, and a similar product from the 
Urania Madagiucariuntia and JAvUtona Mauriliana, closely resembling a very fine 
henap. 

Ma from the Philippines, and Indian jute from the Portuguese Colonies. 

Tapaoloth ^m Hawaii, s^e by beating out the bark of a tree. 

* Long Mop ’ ( TiUandaia umoum ). — An epiphyte growing in immense abundance, 
hanging from the boughs of toe cypress and magnolia and other trees on the borders 
of streams and in swamps. It is used instead of curled hair for stuffing mattresses 
and cushions. 

A{fa, or African esparto. 

F(Um fibre, especially from the dwarf palm. 

Broom fibre {Junecum Sparticum), from the province of Pisa, Italy. This was ex- 
hibited, end coarse bagging, fine cloth, and paper made from it. 

Ife (Saneeivera Angolens%e).—k white fibre from Angola, and some good cordiige 
made from it From the same country, Mundondo, a fibre from an asclepiM 
plant 

Camogi fibre from the Mozambique coast; a long, strong fibre, much resembling 
hemp. 

* Na/ural Wool* from a palm of unnamed species, was furnished by Brazil. Also 
Asclfpiaa fibre, from Minas Oeraes ; Urena l^ta, resembling Manilla hemp, from 
Parana. Fouroroya gigantea or Agave fatida, a lustrous wiry fibre, three or four feet 
long, from Bahia. Bertholletia exceUa, a spongy fibre from Para, used for caulking 
ships and for making a coarse paper. Also from San Paulo a harsh cordage made 
from Xylopia fnitehsens ; and from Rio Janeiro the loose fibre of Chorieiaapeoioea^ light 
and silky, used for stuffing mattresses. 

Coir, or cocoa-nut fibre, was contributed from Ceylon, India, and other places. 

* Bilk grass,* a plantain fibre, was also exhibited from Ceylon. 

A furuer description of many of those fibres will be found under their respeotSva 
names in this and the previous volumes. 

TBAXiUiniC. (Vol. iii. p. 988.) Professor E. J. CHAnfAW, of University 
College, Toronto, communicates to the Philosophical Magaaine for November 1876 the 
following reactions of metallic thallium before the blowpipe from direct experi- 
ments : — 

* In a closed tube thallium melts easily, and a brownish-red vitreous slag, which 
becomes pale yellow on cooling, forms around the fused globule. 

' In the open tube fusion also takes place on the first application of the flame, 
whilst the glass becomes strongly attacked by» the formation of a vitreous slag 
as in the closed tube. Only a small amount of sublimate is produced. This is of a 
greyish-white colour, but under the magnifying glass it shows in places a faint iri- 
descence. 

' On charcoal, par se, thallium melts very easily, and volatilises in dense fumes of 
a white colour streaked with brown, whilst it imparts at the same time a vivid 
emerald green coloration to the point and edge or the flame. If the heat be dis- 
continued, the freed globule continues to give off copious fumes, but this action ceases 
at once if the globule be removed from the charcoal. A deposit, partly white and 
partly dark brown, of oxide and twoxide, is formed on the support ; bnt, pompared 
with the copious ftimes evolved from the metal, this deposit is by no msans abundant, 
as it volatilises at once where it comes into contact with the flowing charcoal. If 
touched by either flame it is dissipated immediately, imparting a hrilliaot green 
ralour to tne flame-border. The brown deposit is not readily seen on charcoal ; but 
if the metal be freed on a cupel, or on a piece of thin porcelain or other non-reducing 
body, the evolved^ frmes are almost wholly of a brownish colour, and the deposit is in 
great brownish black. It would appear, therefore, to consist of TIO rather than 
of a mixture of metal and oxide. On the cnpel thallium is readily oxidised and 
absorbed. It mi^fat be empl^ed, consequently, as suggested by Onoozas, in place 
of lead in oupellation, but to effect the absorption of copper or nickel a comparanvelj 
large quantity is required. When fused on porcelain tne snrfaoe of the si^port ia 
atrongiy attacked by the formation of a silkata, which is deep red whilst hot aM pale 
yellow on cooling. 
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* The tfTOxide, as stated by CBooKas,^rolves oxygen when heated, and becomes 
eonverted into TIO. The latter compouna ie at onoe reduced on charcoal, and the 
reduced metal is rapidly volatilised with brilliant green coloration of the flame. The 
chloride produces the same reaction, by which the green flame of thallium may easily 
be distinguished from the green copper flame, the latter, in the case of cupreous 
chlorides, becoming changed to azure blue. With borax and phosphor-salt thallium 
oxides form colourless glasses, which become grey and opaque when expos^ for a 
short time to a reducing flame. With ovrbonate of soda they dissolve to some extent, 
but on charcoal a malleable metallic globule is obtained. The presence of soda, u^ess 
in great excess, does not destroy the green coloration of the flame. 

« Thallium alloys more or less readily ^th most other metals before the blowpipe. 
With platinum, gold, bismuth, and antimony respectively, it forms a dark-grey 
brittle globule. With silver, cupper, or lead, the button is malleable. With tin 
thallium unites readily, but the fused mass immediate^ begins to oxidise, throwing 
out excrescences of a dazk colour, and continuing in a state of ignition until the 
oxidation is complete. Ih this, as in other reactions, therefore, the metal much 
resembles lead.' 

As much attention is now given by our miners to the dlscoveiy of minerals likely 
to be of economic value, it appears that the above information must prove of con- 
siderable value. 

Mr. J. Ebausb found some difficulty in working the flno dust of Meggen pyrites for 
thallium by condensed sulphuric acid. With large quantities of dust, obtained from 
the works of Ekohlgkb and Ebxtjsk at Trotha, he proce^ed as follows : — 

* Diy subchloride of thallium was introduced into fused bisulphate of soda, which 
readily converted it into sulphate of thallium. The fused mass was dissolved in 
water, and the thallium precipitated in the metallic furm by chAnically pure zinc.' 

On a large scale the process was thus carried out : - 

* Three large spirit casks were so placed that the liquid in the upper cask could be 
emptied into the lower one by means of a syphon. In the upper cask the flue dust 
was lixiviated by moans of water warme<l by steam. The clear concentrated liquor 
syphoned off into the second cask, and the sulphate of thallium precipitated as chloride 
of thallium by hydrochloric acid* The second extract in the upper cask was used as 
the solvent in the next charge. After the liquid had been drawn off, the second cask 
was filled with pure water and a sufficient quantity of crystallised sulphate of soda. 
By agitating, the conversion soon takes place ; the liquid is brought to the second 
cask, acidulated with sulphuric acid, and the thallium precipitated with pure zinc. 
The sponge thallium is washed with water, pressed, and fused.' — Dimglbb's JPefyf. iTbur ., 
ocxvii. 

The following method of obtaining thallium from the soot of sulphuric acid works 
has been devise by Herr Stoldx. In repeatedly working up the soot of two sul- 
phuric acid works in Germany, where pyrites from Meggen were used, a method 
was employed in separating the thallium which depended upon a formation of a 
thallium alum. The soot is first passed through a coarse sieve to remove the pieces 
of brick, mortar, and clay mix^ with it, and then boiled in water acidified with 
sulphuric acid. It is next placed on a suitable filter and stirred, while cnrefhlly 
washed with hot water until all the acid is removed. The wash-water, after acidi- 
^ng, can be used for boiling a second j^rtion in, and so on. The first filtrate, which 
is tolerably concentrated, is evaporated in very shallow dishes to such a degree os to 
crystallise. Beautiful large reddish ciyetals of thallium-alumina-iron alum are formed 
as it cools. To ths mothor liquor was added some sulphate of alumina, and again 
evaporated, when a small quantity of mixed alums separated. The last mother liquor, 
as well as the rinsinge from the ciystals, when precipitated with crude hydrocl^rio 
acid, yielded a surpruingly small quantity of chloride of thallium. 

The crystals of thallium-alum were recrystalliaed twice from water containing 
enlphurie acid. The alum thus obtained was ao pve that it yielded pure thallium 
when acted upon by pure zinc and pure aulphnric acid, and with a pure hydrochloric 
acid pure chloride of thallium was precipitated. 

The crude chloride of thallium mav be prepared in the ueual manner, and next con- 
verted into anlphate by means of au^huno acid, and finally, by means of snbhate of 
alumina, into friallium alum, which can be ptraed by reaystalUsation. The first 
method ie, however, more convenient, because it does not involve the troublesome 
decomposition of the chloride by means of sulphuric acid. As the thallium alum is 
considerably more soluble in hot than in cold water, the conversion of tiie mudh less 
soluble solute into the more soluhls alum offers the great advantage tlutthe latter 
can be reerysteUised from a much smaller quantity of water, which is more coovanient 
and requires less time. Besides this, the alum ie a compound easily spnverted into 
the chloride or iodide, from which the metal is easily obtained. 
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If M aqneou tolution of flue-dust is pr^pitated with hydrochloric acid, a portico 
of the metal etill lemaini in solution. 

The addition of a solution of iodide of potassium without preTious reduction of the 
ferric salte to the filtrate from the chloride of thallium prmpitate, throws down the 
whole of the metal in the form of a brownish-black iodide. When this iodide is 
boiled with sulphide of sodium, sulphide of thallium is produced, while iodide of 
sodium goes into solution. 

The sulphide of thallium is dissolved in dilute sulphuric acid, and the metal preci- 
pitated by an electric current.<-B. Ninnxi, Arch. Pharm., vii. 

Thallium and Tin, exposed on charcoal to the reducing flame of a blowpipe, 
exhibit the same reactions as lead and tin ; but the cauliflower-like excrescences are 
brownish-black. — CHiFimr, PhUotophieal Magaeina, December, 1876. 

Thidlwm Chlorate. (See WaiTas Diction^ qf Chemutry, toI. ▼.) Mr. John 
M um says this salt is easily %btained by mixing equivalent quantities of sulphate of 
thallium and chlorate of Luium, and fillering from the sulphate of barium, and 
concentrating the eolation. (See Journal cf the Chemical Society, June 1876 ; and 
consult also the leometrie Relatione q/* Thalhum^ by T. £. Thobfb, F.B.S.) 

TBSKMOBCam. (Vol. iii. p. 989.) 

Thermometer qf TVanalation, or Integrator of Fariation of Tempenture.-Dx\e 
instrumeut was designed by Mr. TuowAe Stbvsnbon, C.E , of the Scottish Meteoro- 
logical Society. A Imr of einc is flxed at its lower end during expansion by the 
needle points catching in the teeth of the rack below, so as to produce lengthening 
upwards, while during contraction the bar is held by the needle at the top, so that 
the shrinking is upwarda In this way the centre of gravity is moved upwards- ^ The 
total annual maren or creep of the bar will measure the total amount of fluctuation of 
temperature. 

Continuoae SJf-regjeteriug Thermometer, the Invention qf Mr. W. HauBiBOir Cbipps. 
— The object of the instrument is to obtain a continuous registration of heat. The 
instrument is in two portions — first, the thermometer for indicating tlm temperature ; 
secondly, the clockwork for registering the hours and minutes. The thermometer 
consists of six coils of glass tubing wound concentrically round an axis in such a 
manner as to form a spiral glass wheel 4 in. in diameter. The last coil is moved 
slightly away from the others, so that it shall form the circumference of a circle 6 in. 
in diameter. To each end of the axis a fine needle-pointed pivot is attached. These 
pivots rest on minute depressions between two parallel metal uprights. By this 
arrangement the glass wheel can rotate freely between the nprighta. The spirit in 
the thermometer Alls the spiral portions of the tube, and also 9 or i in. of ue last 
coil (the one forming the circle). The spirit then comes into contact with a column 
of mercuiy 4 in. in length. Beyond the mercuir are a few drops of spirit to moisten 
the glass. The remaining portion of the tube is hermetically sealed, enclosing a small 
quantity of air. On the spirit expanding with heat, the column of mercury is driven 
forwards. This immediately alters the centre of gravid, and the wheel revolves in a 
direction eontraxyto t^t of the moving mercury. When the spirit contracts on 
cooling, the enclosed air, acting as an elastic spring, keeps the mercury in contact 
with it, and the wheel^ regains its original position. By this arrangement the two 
forces, heat and gravity, acting in contrary directions, generate a steady rotary 
motion. 

The method by which this movement is made serviceable is by a grooved wheel 
2 in. in diameter flxed to one of the pivots, and therefore revolving with the thermo- 
metar. Fixed to and passing over this wheel is a flne thread, from which is suspended 
a pencil-holder, moving up and down on a vertical elide. The pencil will be reued or 
lowered according to the direction in which the wheel is moving. The other 
portions of the cl^work are arranged in a manner similar to that employed in Ae 
tiarograph. 

In the instrument a cylinder 4^ in., both in width and diameter, is made to revolve 
once in seven days. Around this cylinder is placed a paper, on which the days and 
hours are indicated by vertical lines. The cylinder is so placed tlmt the surface of 
the paper is ^th of an inch away from the pracil-point, moving at right angles to 
its surface. A small striker is connected with tne clockwork in such a manner 
that at every quarter of an hour it givea the pencil a tap, etriking ite point againit 
the paper. 

Ihup Sea Thermometer , — This instrument is like a syphon with parallel legs. At 
the bottom of the left-hand tube is a small glass plug, ^e mercury rises or full# an 
in an ordinary thermometer; but, at the moment we temperature is detiisd to be 
reocorded, the thermometer, by a kind of verUcal propeller, ia ms^ to pivot on its 
centre, eaaring the mereniy to break off at the plug, and to pass into the ri||^t lag, 
whsre it remmns flxed, indicating the exact temperature. The bolb is protected from 
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imtor preMure bj an ontar ooTeiing of thidft glaas, the intervening space being nearly 
filled with mercuiy. 

WiLBon’s Chro^tlmniumeter for Tetting Mineral Oth—ln the detennination of 
the flashing points of mineral oils by the method prescribed by the Petroleum Act, it 
has been found that the rate at which the heating of the oil oroceeds has an important 
influence upon the results. This is a point which the Act aoes not take cognisance 
of otherwise than by specifying that the source of heat is to be * a small flame/ and 
accordingly most operators have fixed for themselves, and carefully adhered to, some 
arbitrary rate of heating in order to secure results which should be uniform and 
strictly comparative. 

Thus in the testing-room of the Petroleum Association it is the invariable practice 
to raise the temperature of the oil at the rate of 20° in 15 minutes, this being, in the 
opinion of those who have been consulted by the Association on the subject, a fair and 
proper interpretation of tha spirit and letter of the lawt ^^The time is noted when each 
sample of oil under examination reaches a temperature of 70°, and the lamp is so 
regulated that the oil arrives at a temperature of 90° in a quarter of an hour, this 
rate of heating being maintained until the terniination of the experiment. 

It will be obvious that such regulation involves constant reference to the watch or 
clock, especially where several samples are being tested at the same time, and ne- 
cessitates considerable care and attention, as well as some little skill and experience, 
for some period before the actual testing of the oil commences. 

To facilitate the operation, and at the same time to bring about the adoption of a 
uniform rata of heating, so as to minimise the discrepancies between the results of 
different manipulators, this little instrument has been devised. 

A very few words will suffice to explain the instrument. consists of a watch 
movement, in conjunction with a circular thermometer ; and measuring as it does 
simultaneously both time and temperature, the inventor has very aptly christened it a 
* ohrono-themiometer.' 

The watch is provided with but one hand, and the balance wheel is so ai^uBted that 
this hand moves through 20° of the ^thermometer scale in 15 minutes. It is, there- 
fore, merely necessary in making an experiment to set the hand when the mercury 
reaches 80^, and to regulate the lamp so that the quicksilver and the watch band 
travel round the dial pari passu. If the thermometer is observed to be getting ahead 
of the watch, the light under the water bath is slightly lowered (this being easily 
effected by the mechanical arrangement in the wick bolder), and, of course, vice 
vereA, 

The scale of the thermometer and the size of the bulb are strictly in accordance 
with the Act of Parliament, the rest of the apparatus being of the ordinary Parlia- 
mentaiy model. The inner line of degrees marxed on the thermometer scale repre- 
sents minutes (1 to 15), and the other line degrees of Fahrhkhktt’s scale, 20 of 
which (80 to 100), it will be observed, are equiv^ent to the 15 minutes — though, of 
course, in the construction of the instrument any other desired rate of heating may 
be provided for. — BovBBToif Rfinwoon, F.C.S., Oonsulting Chemist to the Petroleum 
Association : English Mechanic. 

THlOXamoS* Substances used by the calico printer and dyer for thickening 
the colours to be used in printing, or for adding to the weight of the fabric in 
the process of dyeing. They are either mineral or vegetable, the former being 
kaolin and pipe clay, the latter generally starch, cellulose, and a substance called 
suberine. 

TMVTXWi A yellow colouring matter extracted from a well-known coniferous 
tree, Thugs ocoidentalis. On being boiled with sulphuric acid it is split up into an 
amorphous sugar and thugetin. 

C»H«0" + 2 H*0 - 0»H»0* + 


Thuyln Bngar TbuytUn 

Kawallhr, Comptes Bendus de FAoadimie de VUnne, voL xxix. 10. 

nmOK. 0>*H"0. Thymol is dbtainedl^m thyme oil by fimetional distilla- 
tion ; it is also obtained from the volatile oil of borsemint, and also from Plyehotit 
See Watts’s Dkiionairy qf Chemistry. See Hai-Tbao. 

T « ¥ M 0> OO&OVm. M. C. Ltbbbbmank, in a paper on the Colo^jiring mattm - 
obtained from aromatic ony-compounds and nitrons acid, gives the Ibllowiiig in 
Gbmpfss Bendus, No. 24, 1874 :~*Ten grains of thymol in fine imwder, 10 ^rams of 
snip] hnric add, and 40 grams of the resent are employed, and the nitrons acid must 
be added immediately after the mixture with the snlpbnrie acid. The eolutSon is first 
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grem, and then blue. The dieenga^ent of gas muet be preTonted, A double 
volume of •nlphurie add ia then adoM, and the whole allowed to stand for eom# 
hours. It is &eD precipitated bpr being poured into an excess of water, filtered, and 
perfectly wMhed. There remains a violet resinous mass, soluble in alcohol, with 
a fine violet-red colour.’ 

TIUbAirMIA VUrMnm. Bee Loko Mobs. 

TXiamtf Ol*. M. Boulabt, in the Annalss IndustrieUeit 

after describing the various processes, now well known, for the preservation of timber 
by artificial means (which, it is said, originated in France), gives an account of the 
method pursued by M. Hatzfbld, which differs from all its predecessors. He has 
ascertained that the woods most resistant to decav are those which are richest in 
tanoic and gi^ic acids ; thus the oak, which furnishes almost all the tan in general 
use, is of indigenous woods the most durable, whether immersed in water or buried 
in earth. These properties of oak will be understood when its oomposition is con- 
sidered. It contains esseftially the elemental cellular tissue of all those vegetables 
which deposit lignite, forming a hard concretion predominant in resistant woods, as 
ebony. Oak and similar w^ds are saturated i»th a sap eontaining gummy and 
ajsotic substances and colouring matters. The sap of oak contains a notable quan- 
tity of tannic acid, which probably acts upon the veg^etable tissue of its timber in a 
manner analogous to that in which tan acts upon animal tissue, with which it forms 
au insoluble compound. The hardness and colour acquired by oak after being buried 
for long periods are due to the tannate of peroxide of iron formed by the combination 
of tannic acid with ochres or salts of iron, existing in more or less considerable quan- 
tities in divers earths ; and this tannate of peroxide of iron (an essentially inBolublo 
salt) ought to play the same part as the lignite, of which it artificially augments 
the quantity. M. Hxtzvbld therefore proposes for the preservation of various woods 
impregnation with tannic acid, which gives to the wood the durability of oak. He 
then proposes to iqjoct a solution of pyrolignite of iron, which in the cells becomes 
gradually tanuate of iron, making the wood similar to oak which has been long 
buried and has become hard and unaltentble. The liquid for' ii\jection should 
be a mixture in water of a tonniferous substance and a salt of protoxide of iron. 

‘ Thtt most advantageous tanniferous substance is an extract of the chestnut, costing 
about 3d. per lb. : and the most convenient salt of iron is pyrolignite of iron (20*’ B.), 
costing lO’Sif. per gallon. 

' According to analyses of these materialB, and by analogy with the sulphate of 
copper processes (described at length), to obtain a solution containing 1 per cent, of 
pure tannic acid and 1 per cent, of tannate of protoxide of iron, there would be 
necessary per 22 gallons of liquid, or for four sleepers, 7*7 lb. of dry extract of 
chestnut, containing 60 per cent., or 4'62 lb. of tannin ; 3-62 pints of pyrolignite of 
iron, containing 2,087 gnins of iron and 2*2 lb. of tannin, the cost thus using 6'6d. to 
7d. per sleeper, which is but slightly in excess of the cost by th'i sulphate ^ copper 
process. It is pointed out, however, that tannic acid being -widely dififosed in the 
vegetable kingdom, the above preserving liquid, if manufactured on a lazge scale, 
could be produced by a direct procees at a much lower coet 

'Preservation by superficial carbonieatioq is then considered, particularly with 
reference to M. Lappauirr’s gas method. The burners used are those commonly 
known as “atmospheric,*’ but of 1^6 size. As soon as the wood is strongly 
blackened it is sufficiently carbonised, for the film of charcoal need not be more than 
lllfth in. in thickness. The charred part of the wood, which is easily detached, does 
not resist decomposition, but the browning of the film underneath, while destroying 
the spores of fhngi, hardens the surfoce and maJkes it somewhat horny and slightly 
impregnated with creosote or ta^ matter, which prevents their growth. One man 
can carbonise 10 sq. ft in five minutes, and should be able to do easily 1,600 sq. ft. 
per day of ten hours. 

* M. Hvoon, of Pansy has designed apparatus, more particularly for carbonising the 
surface of sleepers, at a greatly reducM cost.’ — L. ^ulabt, Annalss Jhdvstrisllsst 
1870 ; translatM in the Aostraots of Foreign Papers of the Institution of Civil Engi- 
neer^ 

The summary of the production of the tin xninee of Cornwall and Devon- 
shire -will be found under Mimbrol Statistics, p. 678. It appears desirable, 
however, to give hare a litUe more in detail the production of tin In districts and 
countries. 

It should be noted that, owing to the larp supply of tin from the Dutch Settle- 
ments and from Australia, the variations m the pnes of tin on have been very 
great. In 1872 the price of tin on in Cornwall waa 871. 7f. a ton ; in 1874, 661. St. 
a ton; in 1876. 481. 18s. a ton; and in 1877 and 1878 the price haa bM so low 
aa 861. 10s. a ton. 
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Produce <if the Tin Mlnti* Btream-workit andRicen, ^ 0 ., pf ComwdU and Jhwmehire^ 
at retwned to the MMng Record Office t to ute Statmoiy Court, and to the Duchy of 
Cornwall in 1876. 



Ciibnwall: 

Westorn District 
West Central District 
East Central District . 
Eastern District 

DByONSHTBH 
Tin sold in Returned 
stone in 
both 

counties Estimated 
Tin from streams, 
rivers, and foreshores 
in both counties 



The Inspector's return for Cornwall and Devonshire is 12,679 tons, but the returns 
from tin-streams, fore-shores, &c., is not included in this quantity. 

The importance of the production of tin in the Dutch East Indian possessions, 
especially at a time when the Cornish tin miners are suffering so severely from the 
large quantities of tin brought into this country, renders it important that the state- 
ment of the Dutch sales should be recorded up to the latest date : — 

Dutch Tm. 

Deliveries of Banco Tin in Holland, 

BUfas 

1876 182,033 

1876 126,486 

1874 123,688 

Salet of Banca Tin in Holland by Dutch Trading Company mi 1876. 

Average 


January 28 





. 14,216 

per soiism.* 

60 florins 

March 28 . 





. 7,800 

60 

May 81 





. 29,817 

46*60 „ 

July 26 . 





. 29,881 

48*26 „ 

September 26 





. 29,877 

42*76 „ 

JffoTsmber 20 





. 29,611 

46*60 „ 

140,202 

Salet pf BiUUon Tin in Baiaoia m 1876. 


February 14 





Plouls. 

. 10,000 

Avenge prloe 
perptod. 

68 florins 

April 10 « 





. 10,000 


June 12 . . 





. 10,000 

47 } 

August 14 . 





. 10,000 

46^2 „ 

October 0 . 





. 10,000 

46 „ 

Deososber 11 





. 10,000 

48*72 .1 


80,000 

* A small portion of this win be derived from Mn ora ftOQhsd In 187f» 

* 1,000 Baaoa itohs welffh about 8S tons. 
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Tha following flgnres gire the supply of tin for ench of the last Are jean 



From this it will appear that the Eastern Archipelago and Australia produced in 
1870 no less than 26,O0S tons of tin, and of this we received nearly 10,000 tons, 
when our own native production of tin was less than 8,000 tons. 

The following table (see page 000), with which we have been fiavoured by Messrs. 
Von DavKLszBif and North, will show the progress of the foreign tin trade for several 
years. 

Australian. — Some further notices of the tin ground of Australia and Tasmania 
cannot be without interest. 

New South WcUee . — The principal tin veins in New South Wales which have yot 
been worked occur in granite similar to the stanniferous granite of Oornwall. In 
some parts, as at Elsmore and Newstead, New England, much of it occurs in veins 
of greisen (mica and quarts), and in eurite (feller and quarts). At Newstead 
mine, and also at the Albion tin mine, crystals or tin-stone are seen disseminated 
through large and well-formed transparent quarts crystals. At the former place the 
quartz crystals in which it occurs often weigh nearly a hundred-weight. 

It occurs in association with molybdenite, fluorspar, a yellow steatitie mineral, 
garnet, beryl, topas(the matrix of the tin-stone iseometimes in placM eomposed solely 
of topas), z^acnito, copper and iron pyrites, mispicle, tourmaline or schorl. 

The alluvial deposits are extenbive. Up to the present time (1876), most of the 
tin has been obtained from the New England district 

Boiled wood tin of u grey and block colour occurs at Abingdon ; also at Grenfell, 
with extremely well-marked concentric and radiate structure, composed of red, brown, 
and black bands, other fragments mode up of alternate light and dark-grey bands. 

The principal localities are the following : — The Undercliff and Bookookoorora, 
in county Bullor; Tea-tree Creek, tributaiy of Orara River; Michell and Henry 
Rivers (county of Gresham) ; Gordon’s Creek, Glen Creek, Ranger’s Valley, Shannon 
River, Severn River, Paradise Creek, Sheep-station Creek, Spring Creek, Stockyard 
Creek; Swan Creek, near Inverell; Yarrow River, Middle Creek, Auburn Vale 
Creek, Cope’s Creek, Sandy and Mor^un Creeks, tributaries of the Bundarra, Ken- 
tucky Ponds, Honey’s Creek, Honeyiuckle Creek, Gwydir and Rocky Rivers, Sandy 
Creek, Warialda Creek, Myall and Reedy Creeks ; Bald Rock ; Nangahra, Tiabundie, 
and Mount Lowry Creeks ; Maryland and Hording Creeks ; Boonoo Boonoo ; Mount 
Michell and Oban, Sara and Ann Rivers, Uralla, Carlyle Creek, Deepwater, Mole 
River, and Sandy Mount ; Bendemeer in greisen ; Quirindi and Carroll’s Creeks ; 
Turon River, Shoalhaven River, Long Gully and Spring Greek, near Bungonia; 
Burra Creek, county of Selwyn ; Dabarra, JingelUe Creek ; at Mowemban in quartz 
associated with chalcedony. Vein tin occurs in quarries at Billaboim, near Vragga- 
Wagga. Rolled wood tin, with the diamonds, near Mudgee and Bathurst ; Tum- 
berumba, with gold. 

‘ Thi amount of tin raised in New South Wales foom 1872 to the end of 1874 was 
valued at 860,401/. 

The Minea and Ifmeral Statietiea qf New South Wales in 1876, oompiled by direction 
of the Minister of Mines, says : — 

* That laige quantities of stream tin have been raised at Cope’s Oteek, Tingah, 
is wall known, but whether the subjoined statement embraces all the tin ore that has 
been raised is more than doubtihl. 

‘During the year 1874 the quantity aud value gt the tin ore won in the Maryland 
district is said to be — 

Tons Value 

Ifoiyland 2,182 £107,000 

Mole table land 246 14,022 

Total , . . . 2,428 £121,022 

^ There is no record of the tin ore xaieed in the southern part Of thie oolony during 
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of Foreign Tin from tiu Spring Sale, 1868 to 1876. 
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1874 wceept that tha Fulletop oompa^. naar Wagga-Wa^. raiaad 1»200 lb., ralua 
40/. The bulk of the tin from Maiylvkd asd aome other flalda ia tha North ia aaat 
bto Queeaaland, and that railed in tha South into Victoria.’ 

7Vn, tht Produce (fftke Colony of New South Wales. 


mSM 

THn Ingots 

Tin Ore 

Total Valne 


Tons 

Valuo 

Tons 

Tslne 



47 

ie6.4H2 

848 

£41,221 

£47.708 


904 

107,795 

3,686 

226,641 

884,436 


4,101 

366,189 

2,118 

116,138 

484,822 



480,466 

6,601 

386,996 

866,461 


Tasmania. — T. H. Wimtlu. Esq., of Hobsrt Tovn, communicated to the Roval 
Suciety of New South Wales a paper on the * Stanniferous Deposits of Tasmania,' 
from which tlio following notes are taken : — 

' Mount Biachoif, the most important of the tin-bearing districts, is situated about 
midway between the north-west coast and the west coast of Tasmania, with Bass's 
Straits on the one hand and tlie Pacific Ocean on the oUier. Were a line drawn from 
Emu Bay to about midway between Macouario Harbour and the mouth of the Pieman 
Elver, it would bisect Mount Bischofi^ and thus form a base line of a nearly equilateral 
triangle with Cape Grim. 

‘ Mount Bischoff has an altitude of 3,500 feet (Gould says 2,600 feet) above the sea, 
and but little more than 1 ,000 feet above the basaltic table-land ; the ascent being 
more or less gradual from the coast. It consistis of eruptial euri^ic porphyry, which 
forms a crescent-shaped ri(^ on the summit, the extremities of which ri^e are not 
more than a quarter of a mile apart, the intervening space being a horseshoe depres- 
sion or basin. It is here that tne richest deposits of tin ore exist. This basin liMks 
south, and presents a natural outlet to the surrounding table-land, while the northern 
and western slopes are exceedingly steep, presenting a mean angle of descent of 86 
degrees. The porphyiy is the chief matrix of the tin ore. It has burst tlirough the 
transition strata which repose on the slopes of the mountain, displacing, contorting, 
and folding them in a most fantastic fashion. These strata chie^ consist of clay- 
slate, sandstune, and quartzose rook ; the former being frequently bigblj charged with 
aulphides of iron and tin. The tin ore occurs as a binoxide^ and traverses the porphyxr 
in veins and lodes, the breaking up of which by subsequent eruptive forces scattei^ 
the tin ore on the slopes of the mountain in the form of talus. The tranaporting and 
arranging power of water as cosmical agent seems to have played no part whatever 
in these stanniferous deposiU, inasmuch as the particles and nuggets of the ore afford 
no evidence of having been subjected to attrition, but, on the contrary, display sharp, 
irregular edges. The disruptive force which shattered the lodes was probably the 
same as that which affected the vast basaltic flow of the surrounding country. The ore 
is not generally distributed over the sides of the mountain, but exists in local patches 
of limil.ed extent in the majority of instances. In earnest of this may be mentioned 
that on Messrs, Walkkb and Bbbcbaft'b section, 240 tons of ore were out of a 

chain square of wash-dirt, while at a distance of about twenty yards on either side of 
the cutting barely a trace of the ore could be obtained. Some of the or 

nuggets of ore taken out of the wash-dirt on this claim, or from between loose, fallen 
masses of porphyry, weighed as much as flowt. Not a few of these masses were 
almost entirely free from the matrix. It seems somewhat remarkable »h nt although 
there are strong evidences of the existence of lodes in the immediate neighbourhoo^f 
these tin ore depoeits, only one actually well-defined lode has been laid Sara. It must 
be remembered that during the two first years of working, not half an acre of 
wash-dirt was removed, then this apparent anomaly is somewhat modified. Evi- 
dences of shattered walls of tin lodes are daUy brought to light. In a hole sunk to a 
depth of 20 feet, and about 80 yards in advance of the face of the excavation, large 
masses of tin ore lie so thickly embedded in a cement-like matrix that xeoourse haa 
been had to the mall and wed^ to remove them. 

The eminent ^;eologist and mineralogist of Victoria, Mr. ULnicH, joins issue with Mr. 
WxMTLB respectmg tne existence of actual lodes of tin ore at Monnt Hsehoff. Hit 
opinion was that the tin ore ooourred in the porphyry as * buncheB.* Sinee then iho 
lode on the Wabatah Compavt’s claim has b>ten discovered, and most of the ft^h cr evi- 
dences of their existence in other parts brought to lighL In the aedi- 
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mentaiy ilnta, numerouf crericesiLtid joints are found filled with easserterite, but these 
are generallj too small to have any ralae. depth of the stanniferous drift varies 
from one foot to thirty feet, the greatest depth being as a rule on the steepest slopes.’ 

Oeoige Bay, on the east ooast of Tasmania, was visited by Mr. Wintlb in October, 
1874. He says:— 

* At the he^^ of a rivulet, the souroe of a fine stream known as the Golden Fleece, 
I discovered tin ore in highly payable quantity extending over considerable area. 
This locality forms the scene of operations of the Bust Tm Muniro Company, and 
is only five miles from the place ox shipment at George Bay. More recent discoveries 
show that the tin-ore bearing country obtains at a greater distance in a north-westerly 
direction, as, for instance, at Boobyalla, Mount Cameron, Mount Horror, and in the 
Bingaroonm district, or Gould’s new country. Scarcely a day passes without tidings 
of fresh tin ore discoveries being made in tms part of the island.’— See Note upon a 
Neoeni Liacovery of Tin Ore in Taamama, by Cuarlhs Gouij>. Quarterly Journal cf 
the Geological Society ^ vol. zxzi. p. 109. * 

Mount fiamsay is about ted miles from Mount Bischoff, and is named after Pro- 
fessor Ramsay, of the Geological Survey of the United Kingdom. Mount Ramsay is 
essentially compos^ of a coarse tourra^ino granite occasionally passing into a fine 
grained rock. This granite rises in three bold lofty peaks. Unlike Mount Bischoff, 
the older palseozoic strata are seen only around the base. The creeks and gullies 
furnish very superior ruby tin ore, associated with considerable quantities of sircon 
sand and tourmaline ; but the tin occurs in much less quantity than at Mount Bis- 
rhoff, and until about two years ago the best seldom reached an ounce to the tin dish. 
Since that time, however, very promising indications of lodes have been found, con- 
sisting of rounded nuggets of nearly pure binoxide of tin, varying from the size of a 
marble to a hen's egg. These have been followed up till portions lodes have been 
obtained showing very little sign of abrasion. 

The following detailed statement of the imports of tin in 1876 and 1876 shows that 
there is a slight falling off in the quantity of foreign tin reaching this country. It 
must, however, bo noted that some (]^uantitios of tin have been produced in those years 
in Siam and in Burmah ; much of this has been used in those countries, and some of it 
has gone to China, thus interfering to some extent with our export trade. 


Imports cf Tin as per 'Pwrliamentary Betuma in the Years 1875 and 1876. 






1876 

1876 

Countries from whloh Imported 



Tin Ora 

Till, 
DlocJdi, 
Ingots, 
Bars, and 
Begulus 

TlnOro 

Tin 
Block!, 
&o., and 
Begulus 

Germany .... 




Tons 

Tons 

Tons 

Tons 

82 

Holland .... 




1 

467 

— 

314 

France .... 




6 

7 

22 


Portugal .... 




3 


— 


Channel Islande 




— 


•— 


Cape of Good Hope . 




— 


— 


Ceylon .... 




— 


— 


China .... 





6 

— 


British India . 




— 

. 08 

— 

26 

Straits Settlements . 




26 

8,666 

— 

7,638 

Australia: Victoria . 




42 

1,197 

4,747 

— 

1,334 

„ Nsw South Wales 




18 

3 

6,281 

„ Queensland 




— 

977 

— 

400 

„ Tasmania 




— 

80 

76 

181 

„ South Australia 




— 

262 

— 

<— 

Peru .... 




296 

202 

224 

78 

Bolivia .... 




—1 

26 

4 

10 

ChiU .... 




— 

68 

11 


Other Parts 




— 

4 

8 

■D 

Totol . 




891 

16,768 

842 

16«228 


Japan.— Tin exists in Japan, but it has not been much son^ht aftei. and not much 
is known about the quantity or quality. There are small mines in Bango and Sat- 
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■ana, alfo in Sarvo on th* main iaUii4 bat th* totol pradoetioD in 1874 wif loTaD 

tODS A hltlft 

Tuboakt.— At a maating of the Farie Soeiety of OiTil Enffinoera a paper wae read on a 
diacover? aaid to hare been made in Tuaoany of a vein of bioxide of tin. The vein ia 
reported'’ to be situated about a mile and a quarter south-west of the town of Campiglia 
Mudttima, in ^cany, at a place ealled Cfento Oamerelle, upon the western side of 
the Fumaochio, a spur of the Monti Calvi, a chain celebrated for its mineral deposits. 
The Cento Oamerelle (Hundred Chambers) consists of a series of excavations attri- 
buted to the Etruscans, and dug out horiaontally in the side of the mountain. The 
concretions with which they were ailed have been removed in the course of ironstone 
mining. The tin was stumbled upon some metres from the Cento Camerelle in 
following up a vein of brown hematite. The tin ore is very compact, of a yellowish- 
grey colour, and of granular fracture. Specimens yielded ^m 68 to 72 per cent. 

TZM r&ATB. (Voh iii. p. 1011.) In 1876 about 68 hrms ware engaged in 
the manufacture of tin plate in this country. The following were the returns given 
M the ‘Mineral Statistics ' for 1876, of the state of the manufacture in that year : 

The returns received from tin plate works have been as follows 

Number of boxes of tin and teme plates . . . 1,406,229 

Ditto black plates .... 240,047 

Total number of boxes . . . 1,646,270 

Actual weight of the whole returned, 86,472 tons. 

The tin plate works which have not made returns are estimated as foUows. In 
the estimation of these I have been gimtly assisted by gentlemen who axe connected, 
and intimatoly acquainted, with the tin plate manufacture 

Total estimated number of boxes of tin and teme 
and black plates 1,176,117 

Actual number of boxes of tin and teme and blade 
plates returned aa above .... 1,646,276 

Total number of boxes of tin, terne, and black 

plates made in the United Kingdom in 1876 . 2,816,898 

Canada Plate*. 



1873 

1878 

1874 

1875 

1876 

From Liverpool 
„ London . 

Boxm 

31.610 


Bozm 

36,010 

Boxes 

38,880 

Boxes 

83,362 

Total Boxes 

81,610 

81,143 

36,010 

88,880 

38,362 


For Exports of Tin Plates, see p. 904. 

A method of recovering the tin from tin-plate scrap by electricity has been 
recently introduced with considerable prospect of success. Mr. N. S. Kbitb, of 
Brooklyn, New Tork, has, by means of a series of experiments, ascertained that by 
means of electricity the tin can be removed from tin-plate scrap, and the separation 
and recovery of the tin and iron can be effected with great rapiaity. The scraps are 
moved progressively through a liquid electrolising bath, while under the action of 
electricity and the solution of the bath, and if subjected at the same time to a heat of 
not less than 160° Fahr., the tin may be dissolved and removed without material 
solution or oxidation of the iron which forms the body of the scrap. The vat used for 
the bath should be of a material which is a good conductor of electricity ; and the 
solution must be such as will dissolve the tin when excited by electricity : a solution 
containing a quantity of free alkali, anrii as caustic potash or caustic soda, is pre- 
ferable. The vat must be connected with a galvanic battery in eueh a manner that the 
scrap constitutes the anode, and the vat the cathode for the mrrent. Scrap tin-plate 
appears in the market in a curled and tangled condition, and it was found that if enb- 
jected to the liquid electrolising bath in this condition, the free enrfaces of the curls 
were hnmediately acted upon, but that the parts where the curls overlapped one 
another, or where any p^ of the tinned surface wae Mvered, that the covered 
pait was scarcely affected at all, so Mr. Euith found it neoeesarv to etraig^teii 
the scrap b^ore immersing it in the bath. The most sncoeesful solutions art the 


















tf Tin Plates exported from United Kingioin to all Ports, Year ending December 31, 1876. 
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Total Bcom, 1873 . . 1,585,012 251,806117.010 73, 077j 12.560 8,059 613 63,392 41,948 — — — 2,153,477 — 

Tbtd Bona, 1872 . . 1.597.689 223,502!l02,875 82.710110,469^6.508 392 41,117 8,189 — — — — 2,083,451 
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followinfl— Obutie ■oda, 8 lb.» nitxate of |pda 1 lb., to ererj gallon of water contained 
in the yat ; or caiiatic potaab, 8 lb., niunte of potnah 1 lb. to ereiy gallon of water ; 
or cauatie aoda l-6tlv ib. and oommon aalt 2 Iba. to eveiy nllon of water. The aorapa 
are placed on the oroia-bara of an endleea chain of roda, which muat be of aneh material 
aa will allow the accape to ^ in immediate electrical connection with the battery, 
and BO moved progreBsively into, through, and upwarda out of the bath. The tin la 
disaolved from the actape and depoaited in the vat aa oryatalB of metallic tin ; the tin 
thns recovered is removed from the vat, waahed, and reduced to block tin or other- 
wiae utiliaed aa circumstances may require ; and the iron, being thus cleansed from 
the tin, may be ua^ as ordinaiy scrap iron. Mr. Ssith does not confine himself to 
the use of one particular solution, but it is necssaary to avoid any advent that would 
art it^'uriously on the iron scrap : the solution is permanent, it being only necessary to 
replace water lost by evaporation ; also to add occasionally such of the constituents as 
are unavoidably removed vn|h the iron scraps. By this process much valuable metal 
wliirh 18 now worthless may be again utilised at comparatively little coat.— Mining 
Journal, November 17, 1877. 

Tin Scraps,— Eubmzkl has published a very long article in the und Huttm- 
mannisohe Zeilung on the utilisation of the waste tin aorapa. This article was care- 
fully condensed in Iron, and from that excellent journal we borrow the following: — 

' The mode employed comprises four chief operatione — 1{1) treatment of the serlips 
by moans of boiling in water acidulated with hydrochloric and nitric acid, until all 
the tin is dissolved ; (2) precipitation by means of sine of the tin contained in the 
above solution, and washing of the precipitate; (8) solution of the precipitated tin in 
liydrochloric a6id, and crystallisation of the chloride of tin ; (4) utilisation of the 
iron scraps when despoiled of the tin. 

* 1. Care in buying tiu-plate scrap is one of the first essentialB in a financial point of 
view. Good tin scraps contain from 8 to 9 per cent, of tin. Of course, the thinner 
the plate the greater is the amount of tin. French tin plate has 1| to 2 per cent, 
more tin than English, as the plates are rougher, but it is very important to remem- 
ber that the French tin is often, probably almost always, mixed with lend, a fact 
which may be ascertained by wiping the tinned article with a clean handkerchief, 
when, il lead be present, it will wow itself. If the lead exceeds 10 per cent, of the 
tin, the scraps should be refused, as they are more difficult to treat, and leave the iron 
in a worse condition. Lacquered tin iKixes, like those used for French sardines, give 
bad scrap, for the lacquer W to be destroyed by heat, which reduces the amount of 
tin recovered. Sometimes the scrap does not contain more than 2 to 4 per cent, of 
tin instead of 6 per cent., besides being mixed with lend. Galvanised iron (/er 
ginguk) should also be rejected. When nut packed, scrap tin is vary difficult to carry, 
a ten-ton truck will not hold more than three to four tons ; the bast way, if possible, 
is to pack the scrap in old barrels or cases, and ram it down well. In France the 
scrap is mode up into packets by being rammed into a wooden mould, rather broader 
at top than at bottom, and holding one or two cwt. ; the packet is then fastened round 
with iron wire. The scrap thus packed must be well separated, or many pieces will 
stick together, and the action of the acid will be materiallv impeded. 

‘ 2. Tne solution used to dissolve the tin is dbmposed of one part of raw nitric acid 
and ton parts of raw hydrochloric acid. At first wooden vata holding about three 
cubic metres were used, but the acid destroyed them rapidly. The best vessels are 
those of stoneware, or vats of wood or of brick dressed inside with a hot mixture of 
one part of sulphur and two parts of sand. At the bottom of the vat, which should 
contain at least one mkre cube, a vulcanite pipe is introduced through which steam 

may be introduced from a boiler. The vat, or back, is nearly filled with scraps a 

three-m^tre vat will hold about 600 or 700 kilograms — the mixture of acids is then 
poured over the scrap, and water added to about four^flfths of the height of the 
scrape ; the steam is^ dien introduced till the solution cbmpletdy covers the scraps, 
and IS continued until the whole of the tin disappears fhom the upper scraps, and 
hydrogen ceases to be disengaged, showing that tb^ solution has become neuter. The 
boiling takes generally about half or three-quarters of on hour. A cook at the 
bottoiia of the vat allows the liquid, which oontains all the tin, a certain quantity of 
chloride of iron and of chloride of lead when the tin is not pure, to run off into a 
receiver into which nesrly all the ehldnde of lead is precipitated by cooling. For the 
treatment of 1,000 kilos, of scraps, containing 6 to 6 per cent, of tin, the average 
quantity of acid employed is 300 kilos, of bydnohloric, and 80 kilos, of nitric, diluted 
with 84 to 4 cubic of water, of which a small quantityis used to wash the inm 
left in the vat, but which is saved fhr the next operation, ^s iron is ti^n removed 
by means of forks, and made up into packets ci various sises, acoordiiig to the purpose 
intended. These must not be kept m heape, for they oxidise rapimy, and &e neat 
thus produced will even heat them to redness. A heap of aWt 100 tons was OBoa 
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buraed in tliii vny. For the treAtnent of^three tone of eorap in tvelTe boon, tin or 
seven vale, of about three cubic mitree capacity each, are employed. 

* 8. The solution cooled in the seoeptaole alr^y mentionea ii^ now txaneferred to a 
laige wooden or brick cistern, filled with old sine-plate or scraps, which precipitates 
the tin, and also any lead which remains in the solution. This process dhould not pro- 
duce any gas, u that would show the solution to have been too acid, end cause a use- 
less loss of sine. From time to time a small quantity of the solution, slightly 
acidulated by means of sulphuretted hydrogen, is tested to ascertain if the precipita- 
tion is complete. The operation is generally effected in two hours. When terminated, 
the solution is run off from the l^ttom, through a filter made of sailcloth, which 
stops any of the tin precipitate which may be fioating, and the liquid is of no further 
use. The sine is then moved about to cause as much of the tin as possible to fall to 
the bottom, and tlie solution from another boiling is then introduced. This operation 
is repeated until this vat or cistern is one-third or half llUed with tin. About sixty- 
five to seventy-five parts old zinc are required to precipitate 100 parts of tin. 
Theoretically, it should only require fifty-five parts, and the overplus must be attri- 
buted to an excess of acidity ana to the oxides of zinc and lead generally present in 
the old zinc. 

* The precipitate obtained, which is mixed with fragments of zinc and tin solder 
from the old zinc, is taken out of the vat and thrown on a metal sieve with holes 
aliout throe or four 25tLi8 of an inch in diameter, and a stream of water being directed 
on the sieve, the precipitate is carried on to a sailcloth filter. On the metal sieve will 
be found scraps of tin-plate not affected by the acids, and some tin snider ; the former 
is thrown into the boiling vat, the latter cut into in^ts for sale. The precipitate is 
washed in the filter as long as any trace of iron remains, and is then placed in canvas 
sacks, and the water squeezed out by means of a screw or hydraulic presa. The precipitate 
is employed in making chloride of tin ; it is well to dissolve it in hydrochloric acid as 
soon as it is taken out of the press, or, at any rate, to sprinkle it with it. as otherwise 
the tin oxidises rapidly, and the oxide will not afterwards dissolve in the acid. It is far 
more advantageous to convert the precipitate into chloride than to cast it in metallic 
ingots, as the former, being very finely divided, is wortli much more in the market. 
The mode of making crystallised chloride of tin is too well known to require descrip- 
tion. The treatment of the residues insoluble in hydrochloric acid is important. 
These residues consist principally of chloride of lead and oxide of tin. These 
have been successfully treated in a small Belgian zinc oven, in whidi the residue is 
made of a red heat in six retorts, arran|;ed in two linos, and inclining forwards at a 
considerable angle, after being mixed with twice its own weight of fine poor coal. If 
the residue contain suifieient chloride of lead, all the tin will be transformed into 
volatile chloride, which condenses in the retort, and metallic lead is also formed, 
partly in the neck of the retort, and partly mixed with the residue at the bottom, 
from which it is separated by washing. If there is not sufficient chloride of lead in 
the residue, some must be added from the receptacle, described in paragraph 2. 

' 4. When only a small quantity of tin scrap is treated daily, and sulphuric acid can 
be obtained cheap, it may be advantageous to convert tlie iron from which the tin has 
been recovered into sulphate, but not when large quantities are dealt with.. At Li4ge 
about four tons of tin scrap have been treated daily, which would give about twon^ 
tons of sulphate of iron. Such a quantity could not be placed ^vantageoosly in 
Bel^um. It was necessary, therefore, either to find other applications or remove the 
preiudice against such scrap iron. This scrap, made up into compressed |»ackets, 
yields, with a loss of 20 to 26 per cent., an extremely orittle iron, but which may 
be rolled hot» and then presents an excellent surface.’ 

Jhaagor^aivon of Tin . — It has bsen observed that organ pipes after long use, 
become brittle and fidl to pieces. OunmiAirB {Chem. Jahreah.^ 1872) states that plates 
of tin, during conveyance from Rotterdam to Moscow in severe cola, were Inoken into 
small fra^ents, resembling sulphide of molybdenum. 

A similar phenomenon has been observed at the Royal Pyrotechnic Laboratoi^ 
at Spandau : 296 kilo^nms of tin plate acquired lamilar ezioliation, in which it 
crumpled into minute particles. Similarly, 1,960 kilograms of blocks of tin sufibred. 
According to Dr. Fbtri, the tin oonld be more easily powdered than flliogi of un- 
altered tin, and evolved hydrogen more mickl/with acid. 

From these observations it appem parable that in this disaggregation the rspeitsd 
little shocks, oomhined with variations of temperature, esaenti^y oo-operiiM.— 
PoGawrooBiv’s Jnnalant 1877 : PMloaophieal Magaaina^ December 1877* 

Tin Boataa for BiaomUa. — The increased .manufactore of bieeuite has led to a 
large demand for tin boxes wherein to pack them for transport The ed^ af these 
bo3^ were formerly soldered together in the same way that those of other tin goods are. 
A step in advance was made a few years since by Mr. Jamb Jams in some tin bo*- 
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loVUg machiavy whioh ha dengnad and ipda for HeMra. Hmnjnr and Palmioi, of 
Baading. Thara the boxat waia ahapad a^ tha aidaa jointad op in tha aama maehina, 
but tha botloma had to bo aoldeEad itt. BoMntly, howarar, Mr. Jambs has dertsad a 
Ian vheraby tha usa of solder is antiraly dispanaad ▼ith, tha bottoms baing flnad in 
y maohinaiy. Tha machina now naad maasnras about 14 faet long by 6 mat wida, 
.nd abont 6 Ibat high. At ona and is a table on to which tha i>lataB of tin ara 
fbd, they haTing first been trimmed squaxa, and pierced at certain p^ts along their 
edgaa Frointha feading^tabla each ]^te is drawn into a hopper, from which it is 
conducted under a presser plate, where it is acted upon by rollers, and gets one of ita 
edges turned up in the form of a hook. It is thmi mored forward another stage undw 
a hopper containing a number oS oopper-coated wires. The hooked edge of the tin 
plate releases one of these wires, which it takes with it, and at the neat point the 
wire is pressed into the groove cf the plate by a cam action. A presser plate then 
holds the sheet of tin down anotlm roller acts upon the hooked edge, cnrlinff it 
entirely aronnd the wire. This forms the top edge od the box. The plate is then 
mechanically moved on another stage, where one of the sides of the box is folded up, 
and die e^e of the tin at the opposite end of the sheet is turned up to form the joint. 
It is then moved along to the next stage, where a mandril passes over it, and where 
the plate is further bent or angled round the mandril by means of steel jaws. The 
twu onda of the tin plate are then brought together, folded into a seam, and pressed 
by means of a lever, at the end of which is a hollow-headed hammer. The mandril is 
t hen withdrawn, aud the box without a bottom is then thrown out of the machine to 
the side, where it is received by an attendant. It is then transferred to another 
machine, where the bottom is mechanically affixed, the lids also being made in a some- 
wh.it similar manner. The apparatus is exceedingly precise in ita action, and works 
very smoothly and quietly, turning out boxes at the nite uf eight per minute in ordi- 
nai'y work. It is attended by throe boys, one of whom feeds toe tin plates on to the 
tivliie, the second feeds the framing wires into the hopper, and the third receives the 
boxes ns they are turned out of the machine. The apparatus is automatic, all the 
varied processes following each other consecutively, but rapidly, each box only taking 
71 socunds to make. 

TlTAiriirM. This metal is often prepared by the ignition of metallic potassium 
or sodium, with the double fluoride of titanium and potassium (TiK*Fr). The 
titanium thus obtained is in the form of a grey powder, whioh aecomposes water 
veiy readily at 100°; but it has been proved that titanium thus obtained always con- 
tains some unoxidised potnasium or sodium. 

The following method is recommended : — Through a tube with a bulb in the middle 
of it, in which sodium is melted, vapours of the tetrachloride of titanium are passed. 
13y the following reaction titanium u obtained : — 

TiCl«+Na-Ti* + 4Naa 

The nixture of titanium and chloride of sodium is washed with cold water. The 
remaiuing precipitate of titanium is washed with ethyl-ether, and dried over sulphuric 
acid. 

Tltauinm oarefhlly prepared by this prooessSias no action on water at 100, and 
only decomposes it at about 5,000 . — Suboius Ebuc, 3t. Petenbur^ CAemioal News, 
vol. xxii. p. 57. 

TOAM-VXiAJE. The Linaria cymhalaria, common name Mother of Thousand^.— 
Bee Ani'HEoxibeik. 

TOBAOCO-ma lIAUira MAOSXaa. The ordinary methods adopted 
for manufkoturing and baking tobacco pipes were described in vol. iii. p. 1020 of the 
last edition. 

Mr. Bosuvr Raxhuk has invented a highly in^nious tobacco-pipe mulring maobine, 
whioh, from its powers of production, and its simplicity of notion, is destined to fill 
an important place in the future of this trade. 

By the aid of the aeoompanying engraving (Jig, 2565), the prineiples of thismoohiiie 
will be rendered dear. 

Secursd to the top of supporting columns, a'', is a bsd plate, a', in which are 
V-shaped grooves, in whi^ moves intermittently a revolving table, a, earryiijg a series 
of moulds, a a. Motion is given to this table by means of a driving wheel, with belt 
and puUejrs. 

Two pairs of mitre wheels, 2^ 2^ and 8' 3", give motion to two second motion shafts, 
2 and fi, at the sa^ ips^ and these shafts in turn each reciprocate the ports it has 
to move^ and the intinnittent motion ie given to the annular revolving table, a, by 
means of an impiov^ sorsw or cam barrel, 4, having a plain semioireular flsather, 6 , 
round its osUtrs, whioh works for nther more than hrif a revolution into eorrespondiiw 
holdiiig Botfibifl, slottsd or formed in a hor isostal run, near the upper outer ed ge of 
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the toblo, A| BO u to hold it iteady duriiur that half of the rerolntion of the barrel 4. 
While the feather, 6, is out of oue holdifl notch, a eemicirciilar screw feather, 4", 
formed round half of the barrel opposite to and diagonally across the plain yertica 
feather, 6, comes round and takes on to an anti-friction conical puUey, 6'*', so as to turn 
the table, a, to the extent of one of its dirinons or notches, and keep it l^ere until the 
advance end of the holding segment, or feather, 5, enters the new notch brought round 
opposite to it. The position of the barrel, 4, its holding feathers, 6, 6^ and we mould 
boxes, o, a, are so arranged that when the screw feather, 6", is turning the table, a, 
durinff one half of the revolution of the barrel, the two halves of each mould box, a, 
are closed os it reaches the side next, and at right angles to the shaft, 8, by short 
wipers, / /, raisinc the hinoed plates, ft, and acting on the curved wedge or tilting 
surfaces, p, on the back of the plates, or on the halves of the moulds, a a, so as to close 
the plates, and the two halves of each mould box with mat power as it is brought 
round with the turning table, a, over a stationary cam^by the anti-friction roller on 
the lower end of the lever,i(f, acting on the angled sarface of the fixed cam, thus com- 


2556 



prosfiing and forming the blank of clay into a properly shaped pipe, with the bowl or 
mouth upwards below the stapper, o, which, as the table comes to rest, is brought 
down to form the bowl of the pipe by the rod, o, actuated by the crank disc, «»', 
actuating the level, w, of the stapper. As each new mould, a, with the clay eompreued 
in it, is brought round by the table, a, under the stapper, o, the stem part, a', of the 
mould is left in exactly a radial lint, with « reciprocating and revolving drill, t, 
actuated by a cam formed on the back of the disc, m', throt^h the reciprocating rod, nt, 
and lever I, so as to drill the hole in the stem of the pipe simultaneously with the 
forming of the bowl by the stappers. The next intermittent movement of the table, a, 
brings the mould box, a, over an opening cam, and the snti-friction roller of the lever, 
d, coming in contact with the bevelled surface on the oj^ite side to that of the 
closing earn, reverses the lever, d, and its osciliating spindle, s, and tumi down the 
arms,/, of the levers, d^ which come in contract with the prcg'eeting pins, on the 
gripping 4nd tilting segments, p, so as to tilt and bring down the two plat^ ft» OBd 
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balTM of tho moiild, a, whilit the table ie t»Telling paet the tilting earn, leering the 
finished mpe ready for renwral f!tom the wned halree of the mould, n, which may 
then during the same panne be oiled and oI|pmed, if n o cee ea ry, prerione to placing in 
a fireeh block of clay in readiness for being brought round by the table, a, for the 
semential reMtition of the serera] operations alread}[ mentioned. 

If these PiMee of clay are to be operated upon in progreeeire rotation, the first 
motion of toe table doses and compresses the mould, a, and places it under the sttipper, 
o, and oppcsite the wire drill, t ; tne second step cuts off the superfluous rlay from the 
bowl of the pipe, and the third step opens the mould for the finished pipe to 1 e 
remored. In the engraving the rerolring table is shown as working witn eleven 
moul^. Under a new arrangement each alternate half>rerolution of the driving cam 
barrel closes one mould, hits the superfluous day off another, and opens a third ; the 
other half-revolution of the cam barrel is so ath’usted as to keep the revolving table 
stationnir during the time the stepper, a, and the wire drill come into action. Thus it 
will be observed that three operations t^e place simultaneously while the table is in 
motion, and two while it is at rest, and while one attendant is taking out a finished 
pipe and another is placing a fresh roller of day in the mould. To increase the 
speed of production tne revolving table may be rormed sufficiently large in circum- 
ference to enable double sets of moulds to be operated upon, with attendants at 
opposite sides. 

iW. 2566 is a sectional elevation of a part of the machine, detached to show the 
details and Mtion more clearly, the mould, a, being shown in side devationi in its 
closed position, with the pipe fonned 

therein, as seen in dotted lines. The 2658 

cam Bo^onts operate the lever, d, by 
the anti-friction roller, (t, on its lower 
pendent end, for opening and closing 
the moulds, aa; and 6 6 are the 
swivelling plates to which the two 
halves of the mould are screwed, and 
which turn on the two axes, 6', in 
the carrying frame, od, secured to the 
turning table, A. 

It appears that the weekly output 
of tobacco pipes by the system of hand 
labour is about 40 gross per man, but 
it is stated that with Ranxiiv's single 
machine thirty pipes per minute can 
be produced, wuw give a production 
weekly of 480 gross. 

The machine requixesdriving power, 
but we ore informed that about 20s. 
per week will cover the cost of driving 
four such maohinss os the one we 

have described, and only two boj^s are required to attend to the working of the 
machine itself, and very little traininff is neoesfiaxy. 

The machine itself costs about 100c. It is made by Messrs. Snruf and Stbuthibs, 
brass founders, Elliot Street, Glasgow. 

The cost of pipe making by hand is per gross, or 111. for 480 gross, whereas 
the making of 480 gross of pipM by the machine costs but 21. 

TOBAOOO. Our toba^ imports were in 1876 and 1876 as follows : — 

On March 27, 1863, it was settled that urmamtfaciurad tobacco cemtaining 10 lb. 
or more of moisture in every 100 lb. should be chargeable with 8s; l^d. per lb. ; con- 
taining less than 10 lb. of moisture in every 100 lb., 8s. $d. per lb. 

Mmu/iutiieei iodaeoo oontaining more than 18 lb. of moieture in every lOO'lb. is 
chargeable with 8s. Od. per lb. ; not oontaining more than 18 lb. of moisture in every 
100 JO., 4s. fid. per lb. 

Oigara axe enuged with fis. per lb. duty; tobacco of foreign manufheture, 4s. fid!, 
per 1^ ; m a a n f aetu^ in bond, 4s. per lb. ; other sorts, including ciguettes, 4s. per lb. 
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Unnanufhfituied . 
Manufootured nuff 
Oigam , i , 
OavMi^d^ or Nsgiohead 


manufaetued in bond 


Lb. 

48,948,689 

8,897 

1,588,902 

1,681,598 

48,409 

70,710 


1,759,967 

182 

1,089,211 

88.684 

8,682 

15,608 


Other aorte . 
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UamairallMtaied 76,614,974 

Rurnfactnred . 8,024 

Oigan 1,680,808 

OaTendish or Nagrohead 2,068,968 

„ „ manufactured in bond . 42,002 

Other eorte 60,108 


6 

8,678,890 

804 

1,198,082 

104,896 

8,400 

14,780 


In 1877 we imported 78,049,731 lb. unmanufactured tobacco, of the ralue of 
2,864,1001., and 8,702,300 lb. of manufactured tobacco, of the value of 074.3181. 

TOinra. (See ExFLoaivB Compounds, p. 868.) The following has been re- 
ceived from the works at Faversham in answer to an iimuiTy respecting the name : — 

‘ The word tonite is a misiiomer altogether, and ougnt never t 9 be used, the proper 
title of the explosive being^' cotton powdm^,' and whicm is also the original term, and 
has never been discontinued. 

* Cotton powder consists of the purest gun cotton crushed to an impalpable dust 
and incorporated with an eqnal weight of the nitrate of baryta, which has been selected 
on account of its richness in oxygen and its general inertness as against blows and 
firiction. The whole of the processes are carried out in a wet state and with perfect 
secnrity to the workpeople ; finally the powder is moulded by powerful machinery, at 
a pressure of five or more tons on the square inch, into solid cartridges of diameters 
and weights suitable for the work to be done in blasting. 

‘ The chief paints in the value of this explosive are its very great power and its 
stability. The cartridges, when set free, burn with a brilliant {greenish flame, which 
may be seen for miles, and is veiy serviceable for signal puiposes. 

TOVAS. Nkw South Walbs.— S ome very large crystals have been root with ; 
a portion of a large bluish green-coloured crystal found at Mudgee, and now in 
the Melbourne Te^nological Museum, weighs several pounds ; and others weighing 
several onnoee are by no meane rare ; they are sometimes 2 to 3 inches long and 
broad in proportion, especially those from Uralla. The pale bluish-green tint is the 
most common colour ; sometimes they are slightly yellow. 

It is comparatiivly abundant all over the granite region of New England. It occurs 
associated with tinstone in veins traversing the eurite and greisen granites near 
Elsmore and other ports. Some of the smiul crystals found with the tin ore are 
beautifully develo^d. 

Found also ot^ingera, Two-mile Flat, Bathurst; Bell Biver, also Macquarie, 
Abfltcrombie, Shoalhaven, and Lachlan Rivers. — L iybbsidob, Minerals of New South 
Wales. 

TOVASOUn. From Mill Rock, in the trap rocks of Newhavon, Conn., U.S. 
This mineral (specific gravity 3'03) has been analy^ by G, Hawks : — 


Silica .... 






61-78 

Alumina . . 






14*20 

Ferric oxide 






8 80 

Ferrous oxide 






8-28 

Manganous oxide 






0*44 

Lime .... 






10-70 

Magnesia . . • 

Soda .... 






7-63 

2-14 

Potash . . . 






0-80 

Phosphoric anhydride . 
Igniuon 






0-14 

0-63 
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TOWUKIU. There are eeveral Idinds of torpedoes ; Uie three principal systems 
ni^ be briefly described as follows : — 

la the Whitbbbad system the torped^ are terried by vessels constructed for the 
purpose, and are made sc as to maintain a fixed direction under water. There is a 
horuotttal tube fixed in the keel of the torpedo vessel in a line irith the bow about 
eight feet under water. The torpedo is worked by eompressed air' aid .travsle at a 
rate of sbi or seven knots an hour at first, but the speed gradually deereaew owing 
to the diminution of the expansive force of the eompressed 8ir as the torpedo prooseds. 
As soon as the torpedo is launched from its tube ms spied of the vessel mm be re 
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dnead, ao that it may be at leaat a knot or a knot and a half behind when the enplo- 
MOD takai place. « • 

In another eystem the torpedoes are fixed to span projeeting from the bow of the 
ship; bnt the snoeeas of this plan g^raerally depends on the attacking ship being able 
to.’takc the enemy surprise. This system 1^ been much need by the Amencans, 
aho employed reiy small Teesels pesenting little suifaee above the water, or even 
occasionally submarine boats, for we |mrpose of concealing their moremente as much 
as powible from their adyersary. This system cannot be applied to Urge ships, on 
account of the difficulty of using electricity for exploding the torpdoes, and the 
danger of employing self- acting exploders in the oonfrision of a sea-flgnt. 

Captain Hartby's system consists in towing two torpedoes at a Uteral distance of 
about fifty yards from the ship’s track. They are towed along the surface of the water 
till cloee to the ehip to be attacked, when ^e towing line is loosened, the torpedo 
dipped under the snip, and as soon as it touches toe explosion takes place. One 
advantage of this system ovef the other two is that the torpedoes may be towed by 
almost any ship, and thus become a defensive weapon against the attacks of a ram. 

TOVCfBSTOn. The following analysis is given in Let Mondu for December 
1876:— 


Silica . . 

Alumina 
Oxide of iron 
Lime . • 

Magnesia . 

Potash • 

Soda . 

Lithia 

Fhosphorie acid 

BulpW 

Water 

Organic matter 
Loss . 


84*40 

6*26 

1*16 

0*48 

0*13 

0*69 

1*70 

traces 

0*06 

0*60 

0*70 

1*86 

26 


TOVOBavaB OKASS. See Glass, TonoHmam. 

TMAM, AVBnWAOB. * The tufihtone from which Andemach trass is ground 
is a volcanic product of the Eastern Eifel range, on the left hudr of the Rhine. The 
principal quarries are in or near the valley of the Brohl, and in the valley Of the 
Nette, close to Andemach. The tuffiitone consists of the ash ejected by the volcanoes 
of prehistoric times, compressed by thick layers of superincumbent pumice-stone 
subsequently denosited, and it only crops out at or near the surface at the point 
above mentionea. In the Nettethal the superincumbent Uyer of pumice-stone ia 
more than 39 feet (12 mitres) thick. In the Kriiflertbal it is only 8^ to 64 feet 
(1 to 2 mitres) thick. The tufiiitone, however, which is most easily obtained (s that 
of the Broblthal and its neighbouring valleys, where the layer is from 66^ to 98 fret 
thick (20 to 80 mitres). 

* German trass is frequently and largely adulterated with wild pumice or other 
stone. In the Brohlthal the temptation to adulterate is great, for not only ia the 
wild and had tuf&tone close at hand, hut it must be removed before the goed layers 
can be reached. Pnmioe-stone is found also in Is^ quantities in different parts of 
the Neuwied basin and dose to the tuifttone quarries. 

‘ Good trass may be known by the following chamcteristics : — When thrown in a 
heap, the slo^ should run down readily. On being formed into a ball in the hand, 
unadnlterated trass falls immediately into small pieces, and the pieces themselves 
separate ; whilst with old, wild, or oamp trass the ball frlla into powder at once. 
Good dry trass should be stro^ly bygroeeraio, a jjuality which is ascertained by 
exposing it fbr half a day on damn stonea. The weight aiio io a given quantity ra 
dry trass is greater than that of oam^ traes, owing to the volume of the latter in- 
creasing at a neater rate than the weight Thrown into a glaes of water and stirred, 
good sinks quickly, the water eoon becomes dear, and only a few partides of 
pumice-stone remain floating. The txansition from the fine to the coarse partideB in 
such a predpitate is much more regular in the case of good trass than in that ef bad 
or wild trass. . With wild trsss eq^dally, the coarser partidee are covered with a 
yellowish slimy coating rssemhliag mud. When adulterated with sand, a ooniiderabie 
quantity of it forms the bottom layer of the precipitate. 

* The needle-test is that usually adopted, and is prescribed in Holland for Govem- 
ttent woribi. The diameter of the needle is *047 in. (1*2 miUimkres). and a mmfiat 
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eoasisti^ of tvo parts by measure of rich slaked shell or limestone* and one part of 
trass mixed with water to the consisteum of putty, must, after l^iree or four days, 
support such a needle when loaded with 10^ ozs. (3 hectogzi^s). ^ 

* A simple chemical examination will also aid in ascertaining the value of the trass, 
and in detecting adulteration. Ground trass has a composition of alumina, silica, 
lime, and oxide of iron, of which 60 to 60 per cent, is silica, and only about 6 to 10 
per cent. lime. The silica, which is present in a soluble or gelatinous form, when 
mixed with lime and water, forms a silicate of great hardness, capable of strong 
adhesive power, and of resisting the action of air and water. This characteristic or 
the gelatinous silica gives to the trass its setting properties, and the more of this 
silica there is in the trass the greater is its value. 

* Since lime is already present in the tuiFstone, it is clear that in damp trass the 
conversion of the soluble silica will have partly taken place. Damp trass is therefore 
objectionable, and as the trass itself is strongly hygroscopic, old trass is also capable, 
^the absorption of water, from the air, of becoming oet in its own constituents, 
l^is is one of the reasons Why much of the tufistone which comes from the Nettethal 
is of inferior quality. The quarries in that valley are much burdened with water, 
which renders the tufi&tone damp. 

' Trass from tuffstone procured from old buildings is equally bad, even if the stones 
have not been set in mortar. If they have been so built, they will naturally have lost 
much more of their soluble silica by combination with the lime in the mortar, both 
during the building and afterwards by the action of rain, &c. The chemical exami* 
nation has for its object to ascertain the presence and quantity of the gelatinous 
silica. 

' Adulteration with wild trass may also be detected by the microscope, which will 
clearly show small pieces of quartz enclosed in the wild stone ; ynhilst in the genuine 
trass the shining black colour of the obsidian, which is present in largo quantities, 
may be recognis^.' — Stoompost : Abstraci Papers^ Civil InstUuU, 

TBB •TBWm ftOST.' (See Fubnacx, Step, p. SD7.) The brown coal 
occurs in such abundance in Bohemia, Germany, and Westphalia, that it is commonly 

2667 2668 




2669 2660 



tmi for ftsaiii tagiiiai, and to anhance Sts heating affect it has bean ibiiiid natossary 
to raoonstniet the fireplaces for the boilers. Several inventione have beso made, lilt 
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tht iaiprovintnt w<»tbi«it of notieo if the eo-ffUod 'tnppfii loit/ cr ftip Auiiico. 

2667 if ij^lntwing of f firoploof if thif kind, and the eonetruetion ana mode of 

HoikiBg if ff^wowf 

* Abore an opening of 46 centimetref in width, oommnnieating with the aahiat, lief 
a elide teme, f. with maMiwe fUdee of 10 to 12 millim4tret in thiekneee, the whole 
reeling in firont, for the eake of eolidity, upon a cast-iron plate, a, 18 oentim^tres 
bro^, and 4 to 6 oentimitreB thick. Upon the elide frame, e, is placed a east-iron 
double T fuppoii, 24 oenUm^tres in height, 18 centimitreB broaA fxui 12 millimhtree 
thick, and upon this lies a second slide mme, s'. The slide of ^s frame being 26 
millimetres thick, are, however, perforated or broken longitudinally, in order to form 
a grating ; or better, movable fire-bars 6 to 7 centimetres thick are used instead of 
the broken slides, which are liable to crack. Upon the slide frame, s', lies a second 
cast-iron plate, c, of the same dimensioim as a, and at a suitable height a third cast- 
iron bar, B, 9 centimetres hi^h and 6 centimetree broad, is fixed into the side walls of 
the furnace. The leng^dt is let into the walls is above 16 centimetres, whilst a and 
c, and the slide frames, s and s', enter the walls only about 8 centimetres with their 
ends. Upon what may be eall^ the cross supports, b and a, rest now, with their 
ends, the cast-iron cheeks, w, in such a manner that they mav be freely shifted broad- 
ways, and carry step-like (hence the name of the frimaoe) the several fire-bars, of 
which the upper one, p, is alxmt three times broader than the rest Above p is fixed 
tiie cast-iron supply-funnel, f. serving for the receipt of the fuel, and which is 
sometimes fumisned with a slide for regulating the supply of friel into the furnace. 
The fireplace is fixed between two stone walls, and covered a fire-proof arch, which 
is either inclined or smooth, or, as indicated by the dotted lines, broken etep-like for 
the purpose of offering to the combustible gases more heated surface on which they 
strike, and are eot burning. The cheeks, w, are 26 millimetres thick, and 10 to 12 
centimetres broad, and placed at 0*4 to 0*6 metre distance from each other. The 
whole length of the fiimace is generally 2 metres or smaller, the breadth equal to or 
less than 1 '8 metre ; and the inclination of the cheek, w, is most advantageously at 
an angle of 80° (t.e. for the burning of brown coal, ibr which these frimaces are most 
suitable, and nearly exclusively used). 

* The most approved connection of the fire-bars with the cheeks, w, is shown in 
Jigs. 2669 and 2660. Their thickness is 1 to 12 millimetres, the vertical distance 
between the two bars 19 to 20 millimetres, the distance between their surfieces 27 to 
32 millimetres, their breadth 1 18 to 120 millimetres, and the^ project one over the 
other about 47 millimetres. The working of such a fhrnaee requires much less strenrth 
and intelligence than that of a common plane fireplace. The fimnsl, F, is filled inth 
the ftiel, and according ae the latter burns ofif tne steps (which is easily soenl, the 
fireman pushes a frueh lot from top downwards by means of a spade-like tool, intro- 
duced between the lower edge of the fhnnel, f, and the top bar, p. The gradually 
accumulating ashes are iirom time to time removed from the fire-bm by means of a 
fiat piece of iron, which is moved hither and thither over the latter. In order to 
remove oinders and ashes from the upper slide, s' (s being always ki^ a little open to 
let draught in for perfect combustion), the slide, s, is shut, tbsB e' opened to let 
the ashes and cinaers drop upon s ; then s' is ^ut again, and foel etokM down to 
cover it, and now, finally, s is opened, so tba2 the ashes, can fall down into the 
ashpit. In this manner the detrimental ints^uotion of a larn amount of oold air 
into the furnace is entirely avoided. The chief advantage of this frimaee coneists in 
the steady, nearly oontinuous, burning of fuel, and that with pro^ regulation of the 
draught the combustion can be rendered close upon perfect, wmlst ell smoke ie con- 
BumM. To this has to be added another great advantam, namely, that during the 
supply of fuel no unnecessary amount of cdd air is introduced into the fumaise, and 
tha^ as previonslv mentioned, a common workman is able to serve the latter easily 
and well, and witnout being exposed to any strong heat bursting into his face. The 
friraace has alpo, however, some drawbacks, vis., tW no coal con be burned in it that 
bakes or dogs, and that the ftiel rests upon a luger area of iron, being, therefore, 
mush moM eooled, and for a larger buium extent prevented from burnings than in 
the oommon ]^e fomaee.’ 

It should M explained that this mors eomprehensive deseiipiton of the Snp Fub- 
WAGB has been obtained since the short notice given on p. 897 was printeA It has 
been thou^tv desirable, for convenience, to reprint the woodeute given on that page 
in eonnecn ott wi th this deseription of the furaaee. 

nsoUVSi The name riven by Professor J. LawniiraB Smitk to a peculiar 
mineral found in meteoritei, ^ch he identified as protoeulphide of iron, ana which 
ie not found in any minenl of telluric origin. In some Msxiean minemis he has 
fm^ it aasoeiated irith a snlpliidB of ehromium, wbieb Profossov Smia believus to 
be of celestial origin. 

^ VoL IV. 8N 
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TBmaimiATU MMWIiara Babim. See Amiliiib, EucnoLTNi 

or. • 4 

nnPOU, AMTIFXOlAlk I|r. Phipson has analysed some samples of imita^ 
tioDS of tripoli found in oommerce, and he finds them to be composed as follows 


Silica 1‘0 647 

CaOOO* 88'4 61 

Fe*0*. foo 6*6 4*8 

Water 6*0 4*4 


100 0 100*0 

TMVOUra. (Tripoli, toI. iii. p. 1026.) In the island of Barbadoes a deposit 
of tripolite exists mixed with carbonate of lime. 

Dr. T. L. Phipsor {Chemical Newc^ September 8, 1876) gives the composition of the 
Barbadoes, and also a compamtive analysis of a Swedish saSiple; — 



Dseesfors, 
Barhadoes Sweden 

Silica 

71*60 

78*00 

Oxide of iron and alumina .... 

2*62 1 

1 

Carbonate of lime ..... 

10*60 

^ . 6'1« 

Phosphoric acid 

0*08 J 

1 

Combined water and a minute quantity of 
organic matter 

9*841 

[ 16*86 

hioisture 

6*66 J 


100*00 

^ 100*00 


Under the microscope the Barbadoes tripoli is seen to be exceedingly rich in the 
remains of fossil infosoria, the forms being similar to those observed by Ehhrhbkro 
( see vol. iii. p. 1026). The silica in it is hydrated, and it is soluble to a great extent 
in solution of potash. 

Dr. Pbipsor says The genera most easily recognised in these deposits with the 
aid of a moderately-powerf^ microscope (200 to 260 diameters) are Demidium^ 
Euastrum, Xantidium, Peridinivm, Gomphonema, Hemanthidium, Pimularia, JVavt- 
culat Aotinocyclua, Pixidula, Qalbonella, Synedra, and Bacillaria. I have italicised 
those which appear to be most prominent in the Barbadoes deposit. Of these Gallio* 
nella, Desmidium, Bacillaria, and Navicula are supposed to be plants, all the others 
to be animals. The great resemblance of these fiwsil animalcules to some of the 
active little beings in our ditches and sta^ant waters is very striking.’ 

This authority states that genuine tripolite from the Pny-de-D6me (France) gave 

ForBNIKR— 


And a sample 


Silica . . • . : 

, 

, 

. 87*2 

Water 

, 


. 10*0 

Alumina \ 

Oxide of iron, &c. J 

• 

• 

. 2*8 

from Algiers gave Srlt^at — 




Silica 

. 

, 

. 80*0 

Water 

Oxide of iron '1 

• 

• 

. 9-0 

Alumina S . . . 

Lime, foe. J 

• 

• 

. 10*0 


The silica being most soluble in strong boiling alkaline lye. 

The Barbadoes tripolite it found to be a bad conductor of heat, and has been used 
with advantage for covering boilers. 

Bokttoer says that tripmite wijl dirolace the aniline colours from their solution in 
spirit and fix them, so that after a while the solution filters oolourlsss. 

vmiTOar VABIMMkTinil. See OoKca. 

TVWMTaw. M. F. JnaN heats wolfoam, reduced to an impalpable powder 
and intimately mixed with 8 per cent, carbenate of lime and 20 to 80 per cent, of 
chloride of sodium, to a lowrMness for half an hourin a orueiblsorinarevsrbemtoxy 
fomaos. When the mixture is cold, it is iwwdered and boiled for a quarter of an hour 
with hydioehloric acid, which dissolves ifme, ferric and manganie oxides, and leaTss 
nndissolved all ^s tungstic acid in the state of a mystalline jmder of a fiat Ismon 
colour, which is puifiod by repeated washinM in add, and la then oonTerted into 
tuBgstm by reduction with hydrogen at a red neat 
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K. F. Ji*H eoDiiden wolfitam to b« a taagiuto of tba pvotoxidai of ixon and 

mangaasM. * 

la ?oL iii. p. 1089 one proeen fat nreparing tungsten from the tungstate of 
another from tungetio add, will be found. M. F. Jaeir communicates the 
; following piocees to the Aoadhnis dn Soiettou de Paria : The wolfram is reduced 
to an impalpable powder, mixed with 3 per cent of carbonate of lime and from 20 to 
30 per cent of chloi^e of eodium, and oeated for half an hour to dull redness in 
a Kwberatoiy frimaoe. When the mixture is cold it is powdered, and then boiled 
for a quarter of an hour with hydrochloric acid, which dissolves the lime and the 
oxides of iron and manganese, with disengagement of chlorine, leaving the whole of 
the tungstic acid in an insoluble state as a crystalline lemon-yellow powder. This is 
finally reduced at a bright red heat by hydrogen. With pure carbonate of lime, and 
without adding the chloride of sodium, it was found impossible to completely decom- 
pose the wolfram ; but with about 20 per cent, of pure lime decomposition was easily 
effected at a dull rod heat.-A€bfi^ss Sendtts, July 12, 1876. 

Ttnmr lUUt wUh Artifi^ JlUann. In M. Bxiicann's Father Dr. 

V. Rombb states that cotton wool, to be dyed with artificial alisarin, is oiled in the 
(ordinary manner used in empliwing madder oi* garancin, although sometimes one oil 
bath may be dispensed with. The treatment with tannin is snppressed, and the oiled 
yarns are passed into an alum mordant, which should be rendered as neutral as pos- 
sible. To 60 kilos, of crystalline alum add 16 kilos, of soda crystals, mix the solu- 
tion, stirring well, and set the clear liquid at 6^ B. 

The cotton steeps for a day in this liquid, and is then carefrilly washed and wrung 
out. The dvo-beok consists of alizarin and tannin, | kilo, of the latter per 60 kilos, 
of yarn. If the water is not calcareous 100 grams of chalk must be added. The 
d> sing is carried on vei 7 slowly and gradually, beginninff with a perfectly cold beck, 
winch is raised to a boil in two hours, and kept slowly botling for another hour. The 
yarn is not then cleared, but raised at once with curd soap and annatto. For rose 
hhadcs the 3 rarns must Le treated with tin crystals. 

TYFB, Composing and DietrihiUing, 8ee PKiMTnra. ' 

TTPB WXXTJBB. The name of a machine manufactured by Messrs. BairiNOToif 
and Co. 

The type writer more nearly resembles in outward appearance a sewing machine 
than anything else, being a piece of mechanism about 16 inches in length, the same 
in width, and the same in height, measuring from the little table on which it is fixed. 
On the top of the apparatus is an indiarubber-coated roller termed the paper cylinder, 
which is 81 inches lonx and 2^ inches in diameter, and at the side of which and 
parallel with it is a small wooden roller. Between these two rollers the top edge of 
a sheet of paper is inserted, and the i^lindar slightly revolved, so that the paper ia 
brought into the proper position to receive the first line of ' writing,’ as it is termed. 
Immediately under the paper cylinder, and in line with its axis, is the ink riband, 
which is 12 yards in len^n and If inch in width. At starting the riband is wound 
on to a drum on one side of the machine, from which it is slowly drawn off as the 
operation of writing progresses, and by the aid of a spring is wound on to a corre- 
sponding drum on ^e other side of the machine, a portion of the riband of the length 
of the paper cylinder only being exposed at one time. ^ Beneath the ink riband is a 
circular opening 7 inches in diameter in the case containing the mechanism, and it is 
at a point preciseljr in the centre of this opening that every letter, figure, or character 
is mode to appear in succession to perform the operation of writing, ^e Aliboff’b 
lieohanioal Printer, described under FBiNTuro, p. 682. 


U 

VliTBAaiABanL (Vol. iii. p. 106.) Thera tSt% three methods of preparing 
ttltraniaruie generally followed ; they result in— > 

a. Sulphate ultramarine. 

3. Sooa idtramariae. 

Y. Silica ultramarine. 

a The preparation of sulphate ultremarine is inriudad in two etagtr:— 

" 1. Flreparation of green ultramarino. 

2. OoDversioD into blue ultramarine, 
a M 2 
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1. The kaolin, iiil]^atd of aoda, and charcoal are all finely pulverised ; or if eolih 
tiona of sulphate of aoda, soda, and sulphidki of sodium are used instead of povders, 
the kaolin is stirred with the solution, and the mixture evaporated to dryness and 
ignited, ^e materials are employed in such quantity that the soda shall saturate 
Imlf the silica of the kaolin, and shall be present in sufficient quantity to form with 
the eulphnr pol^lphuret of eodium. This and the formation of another sulphuret 
(Ma^) are obtained by observing the following proportions : — 


Dry kaolin ..... 
OiJcined GLansna's salt 

. 100 

100 

41 

83-100 

Calcined eoda .... 

41 

— 

Charcoal or pitcoal 

. 17 

17 

Sulphur 

. 18 

— 


This mixture is to be ignited without access to air, itpd a white mass is obtained, 
which becomes gr^n by pposure to air, and blue by being calcined in contact with 
air. The mixture is placed in fire-clay crucibles and well rammed down the crucibles, 
being maintained at a high temperature, with a limited supply of air for eight to ten 
hours, the ignition being completed at a white heat. The crucibles when cooled are 
found to contain a semi-ibsed grey or yellow-green mass, which is repeatedly lixiviated 
with water. The green ultramarine ooniains, according to Stoueull's analysis (1856) 
in 100 parts— 


Alumina 80 11 

Iron 0 49 

Calcium 0'45 

Sodium 19 09 

Silica 87*46 

Sulphuric acid 0*76 

Sulphur 6*08 

Chlorine 0*37 

Magneeia, potash, phosphoric acid traces 

Oxygen 5*19 


100 00 

2. The conversion of green into blue ultramarine is effected by roasting the green 
ultramarine and sulphur at a low temperature, with access of air. Sulphurous acid is 
formed, a portion of the sodium oxidised into soluble sulphate being washed out ; the 
sulphur onginally present in the green ultramarine remains combined with a smaller 
quantity of sodium. The roasting is generally effected in an iron cylinder, somewhat 
similar to a gas retort, sulphur being added until the required depth of blue is ob- 
tained. The ultramarine is then pulverised, lixiviated, dried, and assorted os to 
quality. 

6. Soda ultramarine is prepared from the following proportions of materials : — 


Kaolin 

Sulphate of soda 
Soda . 

Carbon 

Sulphur 

Resin 


100 100 

90 100 

6 12 

100 60 

6 — 


The ignition is efihcted in the manner previously described. By increasing the 
proportion of soda and of sulphur, blue ultramarine may be formed at one operation. 

y. Silica ultramarine is prepar^ in a similar manner, silica being added to the 
former materials to the amount of 6 to 10 per cent, of the kaolin. Blue ultramarine 
is the immediate product of the calcination. The process, however, is difficult to 
manage, on account of the tendency to fusion amongst the materials employed. 

T^en green ultramarine is heated to 160** C. in water in sealed tubee, it assames 
a fine bright blue colour. The weight, however, remaine nearly the eame (the 
water taking m only a small quantity of sodium compounds), and its eompoaition 
is unaltei^. JT Pkilxpp found that sulfur exists in the same condition in blue 
ultramarine prewod in the wet way as in the green ultramarine from which it 
was obtained, foe formation of blue ultramarine is, therefore, in no way dependent 
upon the oxide of sulphur, as has been thought. J. Pmm condudM that the 
diterenoe between the two ultramarinea is due to the presenee in the green sub- 
stance of a small quantity of sulphide of sodium, either meohanieally mixed or 
combined widi it, on tbs removal of whi^ the blue colottr appean. He 
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found thnt mn nltnunarine w uctaaUir formed by foiing blue nhtumariat with 
■ttlphete of eodn and ohnicoel.— Ckm. &§i. ix. p. 1 109. 

vmmn&A WUMWUL An nmbmlla beins fitted with the mnner repr^ 
sented (J!m. 2661, 2669), which has been patented by Dr. HiooQfS, of New Yor^ and is 
iutroduc^ by Messrs. Suroernn, it is only necessary to push the mnner to raise the 
ribs or to pull it for the purpose of lowering the nmnells. 

The construction of runner is as 
follows The inner tube, a, has 


fixed to its upper end the stretchers, 
s, as in ordinary cases, and is sub- 
stantially like the runner usually 
used, except that it is longer, and 
has cut through it a slot^ a, intended 
to receive the spring, o, fittfifi in the 
slick, c, and which keeps the nm- 
brolla close or expanded. Over the 
tube, A, is an outer tube, p, which is ,, 
somewhat shorter than a, and slides 
up and down upon it, and is swelled 
or expanded at or about its middle, 
as shown, sufficiently to allow the 
spring, c, to bo fully expanded, or 
thrown out when such swelled p^ 

IS over either of the springs, at which 
time the outer tubs also entiielpr 
conceals the spring. The action is 
as follows '.—When the umbrella is 
shut, and it is desired to open or raise 
it. It IS not necessary to press with 
the thumb or finger the spring, c, 
down through the slot, a, and into the spring recess in ths stick, as has to bs dona in 
ordinary umbrellas to allow the runner tube to be pushed up, but the outer tubs, r, is 
moved upward and upon the tube, a, until its upper end comes in contact with tho 
stretcher rim, s'. The first upward movement of the outer tube, p, brings tbs inclined 
surface or face, d, of its swelled portion against the spring, a, and preasss the spring 
into the stidL, so that the tube, a, can pass over it as if the spring was forced in 
the thumb or fln^, and then the further upward movement of the outer tubs carries 
the inner slotted tube along with it over the spring, and Uius raises or opens tbs 
umbrella, as in ordinary cases. A continued movement in the same direction Cf ths 
two tubes of the runner in the manner described thus performs the two offices of first 
pressins in the holding spring, and then carrying up the inner tube, which expands 
the umbrella. When the umbrella is folly expanded the slot, a\ in the tubs, a, is 
brought over the upper spring of the stick, and the spring psssss into ths slot and 
bolds the umbrella open. When it is desired^ close Uie umbrella a similar movemsot 
of the runner tubes takes place, but in an ophite direction. 

VBAXiITa. Uralite IS a paeudomorphous formation of hornblende after augite, 
the form of the latter minera l being returned. — E. Svxdicabk, Jahrh.fur Min. 1877. 

nUkXATB VOMWnfiT. A microseopicHl examination of the uralite porphyry 
of Yaksala proved it to consist principally of a dork green diorite-like ground mass, 
with interposed pl^oclass, hornblende, and uralite. 

The ur^te of l^duala never occurs microlitic, and is of two colours, green afifi 
brown— somstimas both wlours on one sperimen. Sections made paraUsl to tbs 
vertical axis rarely exhibit any fibrous striation, but appetf to be built up of broad 
or narrow columnar prisms, whence the uralite of this disttiot dUFats mm, that of 
other localities. — £. SvnmxAnx, Jakrh.J^ Min. 1877. 



vnifAt A genua of MaXwum, They are woody annuals. Th^ possess mu- 
cilaginous propaities, and their inner bark affords aft abundance of fibre resembling 
jute. 

UlfcTlO OBM. A natural order of dicotyledonous plants, of which ths common 
stinging netde fbems ths type of them. The plants of this order, which hare a general 
distribution ever the world, are trees, shrubs, or herbs, some being mane weeds, others 
laige tress yielding useflil and delicious fruits, as the fig, banyan, mulberry, Ac., and 
some are useful for the fibre of the bark ; the Bohnuria (which seek the Bheea or 
Ohinese grass-cloth plant, belongs to this lart class. One sp^es, oallea U. inbema, haa 
tuberous rootstocks, which are eaten by the native Indians either in a raw state or 
cooked, This plant was introduced into Bngland, thinking ths root would provs a 
useful article of food for cattle* but it comd not stand the English winter. Ths 
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V, UnaeMma is a vaiy important speeies : 4 t abdonds in a lignsons fibre, which may 
be converted into vexy stroi^ cordage : it is proved to be one of the strongest of the 
vegetable fibres. There is another UrticoMa^ the fibre of which is need in the 
manufacture of lace for ladies' shawls, dec., and is almost as fine as the best Shetland 
wool. 

Ufiioa UtUis , — Ramee hemp is made from the fibres of tlie Urtioa idila, a native 
of Borneo, Sumatra, Java, and aome of the smaller Sunda Islands. These fibres 
average al^ut 1'6 to 2*2 metres in length. They are naturally of a bright yellow 
white colour, readily bleached to a perfect white, but are not much used on account of 
an inherent stiffness, which, as far as present experience goes, cannot be removed : 
the natives make cordage of the fibre, but it is of inferior strength, and does not well 
resist the action of sea- water. 


V 


▼A&OirZA. (Vol. iii. p. 1053.) Imported in 1875 and 1876 — 



187S 

1876 

From Greece .... 

Tons 

1,644 

Value 

£40,200 

Tons 

1,084 

Value 

£17,035 

„ Austria .... 


18,432 

— 

— 

„ Turkey . . 

22,068 

562,518 

38,802 

611,093 

„ other Countries • . 

32 

869 

87 

724 

Total 

24,434 

£622,010 

34,923 

£628.852 


We exported of this — 



1876 

1870 


Toni 

Value 

Tons 

Value 

To Belgium .... 

202 

£5,730 

427 

£8,199 

„ Australia .... 


— 

159 

8,164 

„ other Countries . . 


6,684 

201 

8,572 

Total . 

Q 

£11,414 

787 

£14,925 


▼AlfJLlIZlTlIK* (Vol. iii. p. 1053.) Vanadium has been found in trap rocks by 
Dr. Apjobk {Journal of the Chomioal Society, vol. z. p. 1116), and by Mr. B. J. 
Hodobs in the iron ores from country Antrim, Ireland {Chm^l Ainos, vol. zzvi. 
p. 286). 

Dr. Jahis Blazb forwarded to Professor Rosoon from San Francisco an ore of 
vanadium which he discovered in a gold mine, serving as a matrix for the gold. It 
occurred in small bunches filling cavities in a schistose porphyxy. 

This mineral occurred in radiating and foliated talc-like masses, greenish grey in 
^Ik, and light greenish yellow when seen in Augments forming a grey powder. Its 
lustre is subvitreous to frtty. Its hardness is about equal to that of talc. Its speoifis 
gravity is 2*902. 

The resnlt of two analyses made by Professor Roscon gave— 


Silica. 






41*25 

Vanadium pentotfide . 






88*60 

Alumina . 






14*14 

Iron sesquioxide . 






1*18 

Manganese sesquioxide 






1*15 

lame .... 




• 

e 

*61 

Magnesia . 




• 

• 

2*01 

Fot^ . • • 




• 

a 

8*56 

Soda . • « « 






•88 

Water 




• 

• 

1*06 

Moistnie . 




• 

■ 

S-87 

101*68 
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jJr. Mji : At th« Ngmtioo of my flriond PkofaMor Qibm, I propoto to 
uMirni Um minonl ** Itoiooelito/' moultf the aamo not already appropriate. 

Profeaaor Boaooa haa azaminod another vanadium mineral found aa a oiyatalline 
incnutation on the aandatone of Alderley Edge, and at Mottram St Andrew’a, in 
Obeahiro. The oompaot mineral ia purpliah-brown or bronae. The Inatra of the 
cryatala U roainona atreak yellow. Hardneaa about that of calo apar. Sperifle grarity 
d‘894. Ita eompoaition ia found to be — 


Vanadium pantoxide . 

17*14 

Lead oxide . 

..... 80*97 

Oopper oxide 

19*10 

Oxides of Fe,*ZD, Mn . 

2*82 

Lime .... 

2*18 

Magneaia. . 

..... *26 

Water • . 

• . • • t 8*63 

Moisture . 

0-22 

Silica .... 

. 1*06 


67*08 


Frofeaaor Boacos propoaea to call thia mineral ' Mottramite.' — Proeeedinffi of tho 
Bowl Society, vol. zzv. p. 1 09. 

Mfeaaor Boacon, to whom we are indebted for all the chemical foota connected 
with vanadinm, aaya * All the main facta now eatabliahed in connection with the 
chemical department of thia element proved it to bear a atrong analogy to the elementa 
phoaphorus and araenic. In fact, it occupied a previoualy vacant place in a well- 
defined group of triad, or aa aome chemiata prefer to consider them, pentad elementa. 
There waa a property of vanadium in virtue of which it might ultimately attaiil 
considerable importance in the arts — though in the present infancy of the history of 
tlie metal it was difficult to foretell this with any certainty. 'This property waa the 
power of forming a mrmanent black for dyeing purposes. The black produced by the 
action of vanadium nad this advantage over copper and aniline blacks, via. that it waa 
permanent, whereas the latter were liable to turn green. This application of an 
element that was first introduced to notice aa a chemical curiosity furnished one more 
example of the importance of original scientific investigation. However far a newly- 
discovered substance might aeem to be removed ftom purpoaea of practical utility, we 
never know at what moment it might be turned to account for the benefit of the human 
race. * 

' Mottramite! says Professor Boacos, *ia interesting as forming the third term in a 
aecond (doubtless) iaomorphoua group of phosphates, anenates, and vanadates, oorre- 
spending to the well-known yyromoryhitet mimeteeite, and vanadmite group. The 
new group ia— 


Dihydrita 
Erinite . 
Hottramite 


. Cu»P*0» + 2Cu(0H). 

. Cu«Ab*0» + 2Cu(0H). 

. (CuPb)>V»0* + 2(OuPb) (OH)».» 

Prooeedinye of the Royal SoeUtyf vol. xxv. p. 112. 


Vanadium^ uaedin piraring aniline black. See Ajiiliiib Blsck. 

VAlf AMfo IX mm From Vanadie, a c^nomen of the Scandinavian soddeas 
raniA. ^e vanadate of lead of Wanlo<dt Hmd has bean long known and aaiiallT 
cloased with vanadmite. An analysis by B. D. Taoicaoif gave-^ ^ 


Vanadic acid , 
Oxida of lead 
Lead . . . . 

Hydrochloric acid • 


88*44 

68'88 

706 

8*46 


99*28 

BwaroVa Glasary qf Minanlogy, 

The formula for v anadin ite requires 78*4 per cent, of oxida of lead. 

Aeeoriing to Fumim the mineral oecuri in small Ught grey to yellowish or brown 
botryoidal maase^ with a weak resinous lustre, apeoSio gravity 6*76 «t 20® 0. and 
attached to calamine and ferruginous quarts. Freed from all impwitiea this mineral 




980 VANITIKa kAOHINE 


Oxide of lead ....... 72*12 

Vanedio add ...?..* 22*40 

Fho^hoiic aeid ... ... 4*70 * 


09*22 

Most epMunene eontain amall amountfl of chlorine. Pure yanadinite oceura in the 
aarae locditj in light yellow indiatinct globulea, or in borrel-ahaped maasea with 
rough aurfacea. An analyaia of theae gaye-~ 


Ohlorine 2*24 

Oxide of lead 77*04 

Vanadic acid 16*02 

PhoBphoric acid 2*72 


^ 08*02 

A. FnmiL, Jahrhuehf^ Mineralogies 1870. 

Vanadiiimis Bronte. The preparation known by thia name ia a vanadate of ammo- 
nium. On heating it in a aealed tube ammoniacal fumea are evolved, and a reaidue 
of vanadioua oxide in black oiyatalline acalea remaina behind. Vanadium bronee ia, 
therefore, not a metavanadite. — Airraoir Gutabd, BuU^ Soo, Chim. xxv. 

VAinuar. (Vol. iii. p. 1064, ViMiLLi..) M. Bouquht dr lx Gbtr haa recently 
(^Reytember, 1876) aent to the A^cultural Society of France aamples of vanilin 
derived from the aap of the pine. One of the aamplea waa in the pure atate, and the 
ot hern were aa prepared for the uee of the confectioner. ^ 

Vanilin exiata in the aap of the pine (/Vnaa St/lveetfie) and of the larch {Abiee 
Itirix), To obtain the aap the treea are felled in May and June, when vegetation ia 
moat active. Th^ are atripped of their bark, and immediately acraped. The acrap- 
inga, wliioh are collected in veBaela of tinned iron, are immediately heated to prevent 
fermentation, filtered, concentrated, allowed to cool and aettle. Coniferin la thua 
obtained, and from it the vanilin ia extracted.— de la SooUU dM^couiagement 
jtour F Industrie Nationede, Ko. 88, September 1676. 

ContferiHs — The glucoaide contained in the cambium of the eoniferoua 

woo^ obtained aa above atated ia digested at 26^-86*’ C. with water and a small 
quantity of emulsin. It split a up into glucose and a aubatance which separates in 
white crystalline flocks, and after purification by solution in ether has the following 
composition ; Thia acquires the odour of vanilla when exposed to the air 

or when oxidised with chromic acid mixture. The product shaken with ether and 
the ether left to evaporate, there remaina an oil which on cooling aolidifiea to a 
aubstance identical in all respects with vanilla as obtained from the fruit of Vanilla 
plantfolia. 

This artificial vanilin cannot be produced at leas coat than the natural product. — 
Tibkan and Haariurw, Deu*. Ch^, Gee. Ber, vii. p. 608. Bictionarg qf Chemietrg, 
By HExnr Watts, 2nd Supplement. 

VASrXX&A. Messrs. Tibvan and Haarkarw, the discoverers of the artificial 
vanilin, state in the Joumaf of the German Chemical Sooiety that the various vanillas 
examined by them contained ^e following quantities of vanilin (the odorous principle 
of vanilla) 


Mexican vanilla (1873 harvest) 

TanUln 
psroaiit. 
. 1*69 

»• If (1®^^ II ) • • 

. . 1*86 

„ „ medium quality . . 

. 1*82 

Bourbon, beat quality (18^-76) . 

. . . 1*91 

(187f-76) .... 

. . 1*97 

II II .... 

. 9-90 

„ small medium ^1874-76) 

. . 1*66 

Java, beat quality (1878) 

. 2*76 

„ medium (1874) .... 

. 1*66 


▼Awimra lULcmn, cm omm ooMomamLMJXcm, The *Faua 

Vanning Machine, as it is called, is extensively used in the United States of America. 
It is in principle as follows : — 

The dressing aurflace oonaists of a fiaafi^ rubber belt, slowly Nvblving against tbe 
descending stream of sand and water, and receiving a continuous lateral vibratory or 
shaking motion, which keeps the whole volume of water and sand in gentls movement. 
This aide motion of the belt, the vanning, is the important fsature of the mschine; 
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•nd, in aoDneetioa with the perfect enrfhM of the rubber belt ite^, ie the reel elcoient 
of the eueeeee of the mnner oa flue elinrai. The Beoirroir belt in Boglend, end the 
HorFMAV belt in Oermeny, are known m eltme dreseers ; the flnt is e self-dis- 
charging inclined plane in principle ; the last, reoeiring in addition a succession of 
blows, » thought to be an improTement on the former, being an intermediate staM 
between it and the present vannii^ machine. The dificnlt; of making the belts last In 
the HonvAK maehme was, according to the statement of the well-known manufacturing 
firm of Kalx, near Cologne, the reason of the belt dropping out of use. In this machine 
no such difficulty occurs ; the belt is of long duration, the only appreciable wear being 
caused by the attrition of the particles of ore passing over its sujrt^ with the water; 
and this wear, which is slight, is remedied by the ueeasional application of a liquid 
rubber paint. 



There axe two fonns of manners in use, the single and the double. The first is a 
belt 27 feet 6 inches long and 4 feet wide, supports either in bearings or on tattles, 
within a stout wooden frame ; both the side motion and rsTolying of the belt being 
run from a sixmle pulley on the crank shaft In the second form two belts are placed 
side by side, ueir supporting frames being bolted together and elung from abore hy 
iron rodx and both belts receiving motion from the same crank waft and driving 
drum. The belts ara in this case generally 88 fret 6 inches long by 4 fret wide. 

In the mill above illustrated {^. 2668, one side only being shown) the machinery 
consists of a 26 horse-power engine, Blaxb’b criiher» two TtrixoaB’s automatic 
stamp feeders, and 10 stamps fed from a dcasifier below stamps. This mill, as also 
7 others fitted with the vanners in Boulder County, is for the concentration of the low 
grades of tellurium ore. The average capacity of the mill is from 18 to 16 tone in 
24 huuxs. The ore treated has variM in value from glO to |fl00 per ton ; where it 
carries tellurides and is worth g20 or ,^26 per ton, it pays well for freighting to the 
mill and for concentration. The average value of concentrations produced mm been about 
^2,000 per month from actual sales to smelters. The value ox the coneentratlons per 
ton varies of oonxse with the value of the original ore and percentage of bash mhmali 

ra iron pyrites), soma being ae low as gfiO, othen running up to per ton. 
le water tanks in which the ooUcctea mineral is dapositM by the retotring. 
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belt there ie a gentle orerflow of water into long settling boxes, in which settles the 
finely divided mineral suspended in the witer. This * float mineral,* as it it caUed, 
when working on regular tellurium ores, amounts to about 1 lb. per ton of ore treated, 
and is worth from fil to per lb. Ass^s made on * tailings ' or waste from the 
tables vary from §2 to |fi4’40 per ton. Five men, including two engineers, run the 
mill day and night ; with water power three hands would be sufficient. 

It may probably excite the surprise of those acquainted with the usual qrstems of 
ooncentntion elsewhere in use to hear of an ore ^ing stamped to a fine min, run 
direct over a single machine, and then allowed to flow off as waste ; but a nttle eon- 
sidexation of the character of tellurium ores will show the necessities of the case. In 
the low grade ores there is a fine impregnation of iron pyrites throughout most of the 
gangue, with intermixed fine patches and minute partides of the tellurides. A coarse 
crushinfl; on such a rock is almost useless, for the mineral is not thereby sepnrat<ed 
from the particles of rock. The various tellurides of gold and silver, by reason 
of their state of division apd brittleness, are not easy iflinerals to concentrate ; but 
thev can be and are saved by proper care. A higher percentage than most of the 
mills attain could undoubtedly be saved by the use of a second machine to treat the 
tailings of the first. 

In the treatment of the black iron sand of Oregon the full effect and capability of 
the side shake in the vanning machine is most strikingly shown. Here is a coarse 
and heavy iron sand carrying minute spangles of free gold. The vibration of the belt 
affects strongly the coarser particles of sand, keeping them in quick motion, and 
therefore lightly suspended in the down-fiowing water, while the fine fiakes of gold 
sift down through the moving mass and, once touching the surface of the belt, are no 
more influenced either by the motion of the latter nor by the descent of water, 
but are carried up slowly by the moving bed and deposited C^can in the collecting 
tank below. It is a generally-accepted maxim in concentration that the more uniform 
the sise of particles in the matter treated, the better the separation effected. But a 
man skilful in the use of a vanning shovel will save cleanly nearly the whole of a 
mineral slime from an intermixture with quite coarse particles of rock. This 
is done by so regulating the motion of the shovel as to take advantage of the greater 
influence exerted by the moving water on the coarse pieces of rock than on tne fine 
mineral clinging to the shovd’s face. In fact, the flow of water regulated in this 
^manner will move coarse particles of mineral almost as freely as coarse prides of 
^ngue, still leaving the finely-divided mineral undisturbed on its bed : it is fully as 
much a question of surface exposed by the respective particles as of their specific 
gravity. This is the reason why the vanning machine has been able to save such fine 
mineral, from an admixture with comparatively coarse gangue; the side motion 
multiplying the effect of the flowing water on the coarser material, assisting the 
settling of the mineral to the belt, and yet not disturbing it when once settled. In 
certain classes of work, especially where quantity is an object, it seems even preferable 
to have rather coarse sand go over the belt with the ‘ slimes ' — say, for instance, 
all that will pass a screen of 40 holes to the lineal inoh->the sand in this case forming 
a sort of bed, which, while tending to check the speed of the down-flowing water, is 
not allowed to become eo heavy as to interfere witn the perfect settling of the fine 
mineral. With the black iron sands one vanner can treat as much as 12 tons in 24 
honrs ; but there are some impalpable elimes on which 2 tons in 24 hours would be 
frdr work, owing to the volume they occupy. In a number of cases 6 and 6 tons in a 
day is the usual work. 

▼AmZATZOV or ICAOmrZO waailM. Sir Qhohoib B. Aibt issued the 
following card of information from Greenwich for instructing surveyors on the order 
of the variations of the compass needle over these islands : — 

Generally, it m^ be understood that the western declination is now diminishing at 
the rate of 1^ in eight years. 

A manetio survey of an entire kingdom is an operation so troublesome that it is 
impoBsime that it can be made veiy frequently, and we are in practice compelled to 
adapt the results of a siirv^ made fn one year to form, application of a constant 
difibrenee, results equivalent to*those which would be obtained by survey in another 
year. 

From Dungeness to North Foreland, magnetie westerly declination is 40' lest than 
at Greenwich. 

From Shanklin (Isle of Wight) to the middle of the Wash, 20^ more than at 
Greenwich. 

From the Start Pobt, hy Bristol, to Whitby, 1® 20' more, 

Ftom the Land's End, by Liveri^l, to Holy Isle, 2® 20^ more. 

From Douglas (Isle of Ilian), by Kirkcudbright, to Leith, 3® 30* more. 

From Yonghal (Ireland), by Newiy, Belfast, and Bute to Inverness, 4® 2(K mdre. 
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fttm TnlM, bj Galway and Londonderry, to Cape Wrath. 6^ 2<K more. 

From Aohil Head to the weatom palt of the Lewie, 6^ 20^ man. 

If theee diUhrencee are applied to the declination at Greenwich, the decHnation on 
eech of thoee linea will be obtained with great nccniacsy. And with the aaaieteaai 
of a map any of your correepondente will be able to find the declination tor hie own 
locality. 

The yariationB for eeveral years hare been — 


1868. — January, West declination ..«••• 
„ July „ 

1 864.— Interrupted. 

1866.— February „ 

„ July ,, 

,, December^ „ „•••••# 

1866.— July 

„ December „ „.••••• 


80® 6V 
20® 4r 

20® 81' 
20® 81' 
80® 8» 
20® 26' 
20® 22' 


The magnetic elements for 1877 were— 

Dbcukatiok (or yariation of the compass) . 
Imclin AXIOM (or dip of the needle) . . • 

HoaizoMTAL Fobcb, measured in British units 
VnaxicAL Forcb „ „ 

Total Foucb „ „ „ 


19® 8'W. 
67® 27' 
8*90 
9*49 
10*26 


▼ABIATXOV or rmafloraa nr OAO. Pressure registers are requisite 
in all such establishments as desire to conduct photometric experiments in a satis- 
factory manner, and these gauges are often required to determine — ae in gas-metera— 
the rate of the flow of gas through the pipes. Sereral instruments hare been intro- 
duced from time to time, but the pressure-gauge usually known as * Kimo’s’ is that 
which is most usually adopted. This is n^e upon the princi^S of the ordinary 
inserted syphon, the leg, or well, open to the atmosphere being sufficiently enlarged to 
admit of a bmall float rising and falling without adhering to the side of the tube. 
Above the well, and with its edge over the centre of the opening, is fixed a wheel, the 
circumferenca of which is double, or rather more than double, the length of ^ the 
extreme height to which the water could rise or fall. Over the grooved periphery of 
the wheel a light line is passed, one end being attached to the float and the other to 
a counterpoise, consequently any motion in the water was imparted through the line 
and the flout to the wheel. Upon the shaft of this wheel a pointer is fixed, the length 
of which magnified the motion of the wheel, so that the rise of an inch of water in the 
well is shown upon a much- increased scale on a dial, supported by a pillar on each 
bido of the well, the centre of the dial being also the centre of the wheel. ^ The 
ptossuro-giiuge is also provided with an apparatus for altering the water level, without 
in any way interfering with the photometer to which it is attached. This is simply 
a solid plunger closely fitting to toe inside of a cylinder, the middle of which is level 
at the true water-line of the pressure {(huge. Above the plunger is fixed a screw, 
which either raises or depresses the plunger, and produces a contrary action on the 
water-line of the pressure-gauge, so that the pointer can be brought to the sero point 
with speed and accuracy. Some interesting experiments with this pressure-gauge and 
a self -registering photometer, the registration being made by photography, will be 
found in Gas Mamipulatiom, by William T. Soao. 

▼AlUOMUA BBAUUkTA. A lichen from which a violet oolouring natter 
is obtained. In 1849 M. Bobiqttbt succeeded in extracting from this lichen a 
eolourless crystalline saccharine, yet aetringent, subetance, which he termed orcine. 
He found that orcine, under the influence of air and ammonia, fixes nitrogen, 
and becomes converted into a violet-coloured matter. Orcine may be prmretl by 
various prooeesee. Hobiqukt obiShined it by exhausting variolaria with boiling 
alcohol : this liquid deposits, on cooling, cryitalsf which are first removed, after whito 
the fluid is evaporated to dryneee. The dry residue treated with boiling water yields 
on eoncentratioD crystals of orcine. Dr. Bteiihovsi extracts the lichens in milk of 
lime, boils and concentrates the liquid, precipitates the lime by carbonic acid, evapo- 
rate-i the liquid to dryneee, and takes the residue with concentrated boiUng alcohol. 
The crystals of orcine which separate ^m this liquid, on cooling, are re-diesolved in 
anhydrous ether. The bert process for proparing orcine Is that described W 
M. pa Limnis. Lima lichens are exhausted with milk of lime, the filtered Uqnid is 
precipitated with hydrochloric acid; the erythrine thus obtained is waihed, and next 
neatiM for two hours in a dosed iron vessel at 160®, along with a oertnin quantity of 
milk of lime, too email to oflbot the entile decomposition of the substance. The ear- 
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booate of lime haying been leparated by filtration, the liquid ia evaporated aUghtlj, 
when, on cooling, orcine eepavutee in the dl^etilline state ; the evaporation of the 
mother-liquid yields a crystalline mimna, consisting of ei^thrite and orcine, which 
latter is removed by means of ether. The erythrite is purified by solution in boiling 
alcohol, from which it crystallises on cooling. The calcareuus extract may also be 
boiled, in order to concentrate it; the lime may be removed by carbonic acid; the 
liquid, after removal of this deposit, is evaporated to dryness, and treated with ether 
to remove the orcine. Br. Schunck obtains orcine by boiling leconorate of baryta 
with water for a long time ; carbonate of bar^ is precipitated, while orcine remains 
in solution, and is purified by repeated ciystailisation. 

VA&irzaB» Grrbn. a voiy excellent green varnish for metals may be thus 
prepared : — 

Finely pulverised gum eandarach or mastic (the latter, however, is too expensive 
for some uses) is dissolved in strong potash lye until the alj^li will dissolve no more. 
The solution is diluted with water and precipitated with a solution of sulphate of 
copper. This green precipitate is washed, dried, and dissolved in oil of turpentine. 
This produces a green varnish which dues not change under the effect of light, and 
will be especially usefhl for ornamental iron work.— BliUttr. 

Vabkisk, JAPAzrasa. — Japanese varnish ie obtained from a tree, Rhvs vemicifera. 
This varnish tree, which is called vHshi naki by the Japanese, rsaichee a height of 
33 ft., and at the age of 40 years the trunk is 40 in. in circumference, grows very 
slowly, about 18 in. per year in height. The wood is strong and heavy, has few 
branches, consequently very little foliag^ and the tree is not very pleasing to the eye. 
Ibe fruit resembles grapes, and grows in thick spikes on the branches. In October 
the fruit is ripe, and ie collected in November to obtain from 4t a vegetable wax, 
known as Japanese wax. The tree is best propagated from the root shoots. It 
reaches its greatest perfection at its eighteenth year, and then produces the latest 
yield of lac or vamisn. This ie obtain^ by slitting the bark in a horizontal direc- 
tion, and may be performed at any time Mtween April and October ; later in the 
year the lac is ve^ thick and viscid, eo that its collection is attended with much 
greater difficulty. The lac tapper carries hie own peculiar bow-shaped knife, made 
for this puipose, with which he makes a 2-millim4tre (8-lOOths iuch) cut in the trunk 
of the tree in a horizontal direction, and then draws the point of the knife through 
the cut again, to remove any chips formed by the first cut. This cut is made low 
down ; on the opposite side of the truific, 16 or 20 cm. (6 or 8 in.) farther up, a second 
cut is made, then on this side again, and so on until the trunk has 6 or 10 such cuts. 
After he has out 10 or 16 trees, he returns to the first tree and collects the sap oozing 
from the cuts, which sap is light grey, and thick ; but by exposure to the air it at 
once turns dark brown and ^cerwa:^8 quite black. The crude lac is called Art- 
unaM. 

The tree ie hacked in this way for 60 to 80 days, until it dies ; it is than cut down, 
the wood chopped up and put in hot water, which extracts the last remnant of the 
sap. From the tree when cut down, ^ litre of sap is obtained, and this forms the 
poorest land of lac. The value of 100 lac trees is about 030 to |^40. 

The lac is purified in the following manner : — It ie first filtered through cotton 
stufT, ground on a paint stone like ordinary paints, mixed with water, and the water 
evaporated again by warming. The finer sorts are bleached in shallow dishes in the 
sun. The b^ kind is callM fiosAyi-urusAt, the poorer kind AsnJbi^rtuiJUt the un- 
bleached juAsms-urusM. The blocx varnish, roiro-urtuAi, is made from the crude 
lac, Ai-urusAi. There are about twenty different kinds in market, of which the above- 
named are most used. The cost in Japan is : nojiAj/i-urusAi, 0i’77 per lb. •^eiAime- 
untihif )|fl'66 per lb. ; roiro-urusAi, gZ’70 per lb. The Japanese varnishes In often 
adulterated in trade. 

The operation of varnishing is oonducted diflbrently from what it is in Europe. 
The Japanese apply their varnishes mostly to woodwork, less frequently to copper 
and unglased stoneware and porcelain. When applied directly to tinware the japan 
does not stick ; a pr«diminat 7 gelatinous wax is tnereibre applied. The varnishes are 
generally brilliant black, dark oolouVeA impure Vermillion, or inmure dark green, or 
dark grey. Pure light colours and white cannot be produced with Japan vanish. 

The Japanese varnishera prepare thefr woodenwara with the ntmoet care ; the 
sorfhees ore emoothad and tlm, chinks filled with cement. The ground coot is a 
mixture oi je$Aime^uru9Ai with' pasto; upon this is laid Japanese papery rubbed 
smooth with a brush, and dried. Alterwards several very thin coats of &e same 
varnish, now and then well dried, find, after every coat, pdiehed with Japanese 
carbon. . 

The drying ie performed hi a moist atmosphere. For this puipoas th^ tides a box 
that will shut ti^tly, put the articles to be dried in it, close the box and wet it on 
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■11 fidaa witii WAtar. Aft«tL24 hoon om coat ii driod. If the aitidei ■»■ to b* 
it ii now given ■ coitt of bli#E »rnieh, roiro-unuki, but if it ii to be grey ov 
grwAMmi,jttUme-urutM ie need initoed, and if it ie to be red, the latter vamiah 
fa mixed witn Vermillion. The appeaiaiioee of and pearl are obtoined hy mixing 
real gold duet, or mother-of-pean duet, with the vamieh, whereby a beautifhl elfaot 
ie prodaoed. It fa then drie^ rubbed down, and poliehed ; and if there are gold, 
tortoiee-ehell or mother-of-pearl deeorationa. another ooat of arara vamidi, aaelgrt- 
vruahi, ie applied. Dr. Bmc communicated other methods of japancing, but most 
of them are analogous to those described. 

In applying thw Ternishes the Japanese use broad brushes, the bristles of which 
are reiy stiff, and inserted in wood. After long use the bristles get worn short, and 
the wood is cut away as in sharpwing a pencil, exposing more of the bristles. 
A very fine piece of work receivvs eighteen coats ; these never fade with time but 
rather improve, bear a high heat, and are quite unaffected by acids, spirits, or the 
like. * 

^AMWLTMM. (Syn. SoiBoUum Vaseline is a pale yellow, trans- 

lucent, slightly fluorescent, eemi-eolid body, melting at 87** 0. Specific gravity 840 at 
65** G. It ie inodorous, non-volatile at ordinary temperatures, but distils with slight 
decompoeition undw pressure. It is insoluble in water, slightly soluble in alcohol, 
freely in ether, and mWible in all prop^ions when molted with fixed or volatile oils. 
It mixes in all proportions with glycerine of the ordinary strength, but the mixture 
ie destroyed by ediution of water. Hydrochlorio acid and liquor potasstt are without 
action upon it. 

Vaseline, it was thought, might be a mixture of peral&n and glycerine. A quantity 
was accordingly boiled with water for some time by Mr. Moss, the nqueone liquid 
filtered from the seeming oily portion, and evaporatM to dryness, when it became 
apparent that not only was the body f^e from glycerine, but also from all but very 
minute tracee of anything soluble in water. Before evaporating, the liquid was 
found to be without action on red and blue litmue. 

In order to test the arcuracy of the conclusion arrived at on the flret examination, 
vie. that vaseline is a mixture of paraffins, an ultimate o^anic analysis was rnede by 
burning 0*134 gram of vaseline with le^ chromate. The carbonic acid gM and 
water obtained respectively corresponded to 0*1124 gramoarbou and 0*0188 gram 
hydrogen, the two together fonning 07*64 per pent, of the whole. 

On drying at 180** 0. the vaseline lost 0*6 fir cent of water, and on ignition it left 
0*06 per cent of ash. 

The oompoeition of vaseline fa Uierefore«- 

I^drocarbons (parq^ns 7) ..... 97'64 


Moisture *6 

Ash '06 


06*09 

Under the microscope vaseline ie seen to contain numerous miuute needle-shaped 
crystals; the number of theee increuea u the temperature fa lowered, and there is no 
reascm to suppose that on an ordinary cola winter's day the mass would Dot be wholly 
crystalline. One ounce of vaeeline was boiled with successive porUone of absolute 
al^hol until traces only were dissolved. The alcoholic eolutiona united gave 66 
grains of an almost colourless residue, which melted at 29*6^0. Vaariine itself melte 
at 87° C. ; this part of it, therefore, is lees likely to be crystalline than the bulk, yet 
crystals could be easily discovered in it with the aid of the microecope, vad, by 
droppiaftatber on the back of the slide, the temperature was to reduced toot eiyetaU 
fllM the field. The part not dissolved by alcohol (86 per cent of the whole) having 
a much higher melting point than the above, was also iwod to be mainly eiystalline, 
and this without coding. Vaseline was examined a* to itp oyetalliBe or amorphouf 
condition, beoauee of etatemeuta by the manufacturer and others that it wiU not 
crysti^ias. The importance thus attached to absence of eivstalUne duuracter was 
due to the fear of faritatiou by the edges of tBe cryatafa whan applfad aa an oint- 
ment to wounds with eensitive aurfaoes, but it ie in apparent forgetMoess of the fact 
that solid vegeinble and animal fate generally have the character which it haa been 
shown that vaeeUne poeseeeee. The poes^ion of this character eonetitntes aaotbar 
though not veiy impostaat feature, in which vaeeline reeemblee the pavafiBba. Vase- 
line, then, eoneiete dmoe t entirely of kydroearb<m$ ; it fa not at all affootod by moat 
chemical bodies, and only slowly by tbs more powerfiil am(^ them ; by distulatiOB 
under preasare it is resolved into bodies having lower melting points;. A w ofiAdasd 
/hm tk$ midtie qf the dismowie qf Amsrfasa petroleum, and fa of a eryataUina 
character. AH these oharactera pertain to paiaffina, aud the juatgess of tha abovt 
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oonclusion is consc^usntlj emphasised by the result uf the oomhustion, ai4« by the 
microsoopiesl examination. o 

Paraffin does not form a soap irhen boiled -with caustic lye. A roq^ etMriment 
was made by boiling 100 grains of vaseline with 7 fluid ounces of solution ofpotaah 
(rid) for half an l>our. A little vaseline was lost by spirting, but that tcco- 
verea weighed 07 grains, after washing and drying. No soap was found in the lye. 
Vaseline, therefore, does not saponify.— John Moss, F.G.S., U the Fharmaotutical 
Journal. 

Another chemist of considerable eminence, who has a large practical acquhintanee 
wit^ the paraffins, has obliged us with the following statement, which conflAns the 
examination made by Mr. Moss : — 

* Vaseline has no relation whatever with glycerine. It is a bright, pale orange- 
coloured material, clean, soft^ and slightly tenacious, without Bmoll or taste. It is 
insoluble in water and alcohol, is soluble in ether, does not form a soap with 
by any short treatment. Wheh heated it distils with the uAai smell of dfcompoaing 
fatty and hydrocarbon materials, the fluid broking slightly. Heated more strongly 
it t^s Are, burning freely at flrst, then with cufflculty and with a smoky tome, 
leaving some pitchy residue. « 

' From these i^ndications it was judged to be substantially a hydrocarbon — possibly 
a late product of the distillation of mineral oil, or a mixture of such material with a 
resinous substance.' 

The process of manufacture is briefly as follows : — The crude oil is highly concen- 
trated, the lighter hydrocarbons being driven off by simple heat without distillation ; 
the product is then carefully and repeatedly filtered through bone black or animal 
charcoal, just as syrup is treated in the process of sugar refining, and the result is a 

K le yellow or pearly-white substance (according to the length a the tfeatment) 
ving the consistency of butter, absolutely free from odour and chemically pure. 
This process, discovered by Mr. B. A. Ghbsubbouoh, is the subject of patents in 
America, the United Kingdom, France, Belgium and Germany, by the CuBssBiioiJOH 
MAMTrxacnrEiMo Gompant, who have the sole right of working it, and who have in- 
troduced the product into commerce under the nams of vaseline. The derivation of 
this name has not yet transpired, but as the patenfee was of opinion that tiie article 
contained no paraffin, it mav be supped that be believed it to be an oily substance, 
and indicated his creed in the name be^wed upon it, which we surmise to be derived 
from the Ghreek ^atrot, 1 believe, and fAmov, oil. Be that as ft may, in whatever way 
vaseline came by the name, it is a very taking one, and has alre^y become so well 
known that an^ attempt to replace it, even for purposes of prescribing, rntst end in 
comparative fhilure. 

Vaseline has important chemical relations, for whilst lard is an oxygenated body 
and becomes rancid with peculiar and provoking facility, vaseline is made up solely 
of hydrocarbons belonging to the paraffin series, hesce it contains no oxygen and defies 
decomposition except by the most powerfhl agents, such as strong nitric add or beat. 
It may, therefore, be vlboA. in any case, or for anv purpose, instead of lard, if we exclude 
those instances where the decomposition of toe latter furnishes an element in the 
result desired, as in the ointment of nitrate and oleate of mercrary. It will be obvious 
that we speak of laid here mostly as typical of vegetable and animal oils and fots. 
Pharmacists who have had stocks of ointment turn rancid on their hands will be abU 
to appreciate the advantages of a base which ie proof against such powerful decom- 
posing influences as exposure to air, damp, and the catalytic action of the nume- 
rous unstable agents incorporated into ointments, liniment^ embrocations, plastars^ 
bougies, pessaries, supposito ries, cold c ream, and not least, pomades. 

ITBMTABUi FASOnmrT- An improved form of vegetabla putohment, 
which was introduced some years since by Messrs. Ds la Rub and Go., has secently 
bean brought into the market. The improvement consists in rendsrine the parchment 
elastie ana pliaMe by impregnating it with glycerine. It is said to be quite imper- 
vioue to moisture. 

On thi Tmtile Streng^ of VegetohU TarohfMnt.^* The experimenta deaoribed in 
this paper won made with a view ot fomishing additional information in regard to 
the so^ssHed paiebmeht paper, of which the knowle^ 1^ hitherto been imperfect 
and without numerical ttta. The material experimented upon wae pure cotton 
paper, made by £. Dxbtbbiob, of Helfenberg, near Dresden. 

* Tlie production of parchment paper is effected by running the web of unsised 
paper, as it leaves the machine, th^gh a mixture of sulphuric acid and Futer, alter 
which it is carefully washed to remove the acid. At the works in question the add 
bath contained I) to 9^ parts of English sulphurio aiqd of to 60^ B. to Tof water, 
the weight of the mixture being about five unies that of the paper treated. The tem- 
perature of the bath is kept down to 10® C., and the time of immemon is three 
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■eeoDdi. liietora ms, iMwsrer, liable to variatioa aoeoidiog to difRmnees ia 

the raw niSrii^opttated upon. # 

* The ehiiti Vheted bj the add eonsiste in a luperfioial oonTereion of the eellu- 
loee into a eubetenee analogooe to etareh (the eo-oalled hydrooellnloBe of Oiiujid), 
which fimta a oemeot eloeely uniting the unaltered fibres. This ig accompanied by 
a eontmotion of area of from 6 to 10 per cent, and a loss of not less tluin 10 per 
cent in weight 

^ The results obtained by tbs' author from the examination of three samples of the 
same pap^both before and after treatment with acid, are contained in the following 
toble. The amount of moisture and ash were determined by Mr. Mauon, a student 
in the Polytechnic laboratory at Dresden 


No. 

OoMriptioii 

*fcloknMi 

Omvity 

Tanilla 
itrongth per 
MlUtmMce In 
KUograme 

Hj^poeooplo 

Percent. 

Ash. 

Percent. 

1 

/Plain paper 
\ Parchment paper 

MUUmSfera 

0-284 

0 162 

0617 

0*064 

1*416 

6-486 

6*786 
8-778 ’ 

0-683 

0-406 

2 

/Plain paper 
(.Parchment paper 

0-178 

0*113 

0*648 

0-987 

1*488 

6*111 

7071 

6-488 

0646 

0-468 

3 

/Plain paper 
\ Parchment paper 

0*134 

0 088 

0-624 

0-927 

1-603 

6-777 

6*078 

0*160 

0-678 

0-669 


* The contraction in thickness of the paper by the treatment in acid varies from 
34 to 37 per cent., while the increase in specific gravity is from 32 to 42 per cent. 

* The increase in strength in the different samples was— 

In No. 1 . . . 4*65 times that of the natural paper. 

« 2 . . . 8*44 

», 3 4 . 3‘84 „ ^ 

* When parchment pape/is softened in water a short time, its strength is found 
to be diminished to about 0*6 as a minimum of that obtained when in an airdried 
condition. 

' The loss of ash is due to the action of the acid on the mineral matter in the fibre 
producing soluble salts, which are removed in the subsequent washing. 

' The lower the temperature at which the operation is performed the stronger is the 
parohment paper obtained. It is, however, difflcult to regulate the temperature, 
owing to the heat developed in the acid bath. For this reaaon the author did not 
think It neceasanr to make experiments upon this point, as the results could not be of 
Any practical value for the carrying out of the pxocees, whi^ depends upon many 
Contingencies that can onlj^ controlled by tbs ex^rienced eye of the manufacturer.* 
—A. Lbnicxu, CivUingmieur^ vol. xii. p. 166; AbttraciM of Papen from Foreign 
Journals, Institute of Civil Engineers. 

▼xmnura. This mineral occurs as a greenish earthy scaly mass with mag- 
netite at JoK8S*s Mine, Springfield, Mass,, U.S. Its composition, according to lu* 
O. W. Hawbs, is— 


Silica 

Alumina . • 

Ferrio oxide • 
Ferrous oxide . 


Oxide of copper 

Hagnesia . 

Water • » . 


80*78 

14*67 

6*86 

0*29 

17*68 

18*66 

18*68 


100*00 

Jmorioan Journal <f SoUMe, S^tsmber 1877* 


WBWTHJLTIOW- Hr. Mastik Toanr, of Leeds, has dnwn afcfcentioii to m 
system of ventilation which requires some notice. His principle is, in .the main, 
oomet, hnt ws an by no means certain that the same result may not be obtained by 
ikr mon simple means. 
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W« CAimot pTCMDt more lataifaetorilj Hr. Tokk'i prinoiple to onr reeden then b> 
aTulbg ourselTes of some portions of aolong notice which appeared in t^ 

(Mr. Tobdt's patent is dated March 24, 1873):— 

* The solution of all these difflcnltiee (ventilating a room)^ and the means of rendering 
the atmosphere of any chamber as pure as that outside the bnilding, without improper 
lowering of temperature, and without the i»oduction of draught, has recently 
discovered, and has been bro^ht into practical application by Mr. Tobxh, a retired 
merchant^ who lives in the neighbourhood of Leeds. Mr. Tobin’s own account of the 
matter is that he was once watching a current of water which flowed into a still pond. 
He observed that the moving water kept K^ether, and held its own, until its course 
was arrested by the opposite bank, when it curved gently round on either side, and 
was lost insensibly in me genenU body, which had its outlet for overflow at one side. 
He reflected that a current of air introduced into a room would act in precisely the 
same manner, keeping together until it encountered an obstacle, then mixing insensfbly 
with the air around it, and compelling an overflow where^r there was an opening avail- 
able. He saw that, if uis were so, it would only be necessary to pve the entering 
current an ascending direction, so that it would reach the ceiling without impinging 
on any person, in oMer to solve the whole problem of domestic ventilation. Experi- 
ments at his own house confirmed his anticipations, and led him to contrive methods, 
whi<^ he has patented, of cariying his principle into practice. At that time the state 
of the Borough Police Court at Leeds was, as, indeed, it had been for some time 
previously, a source of great perplexity to the Town Council. The Court is one of a 
series of rooms which surrounds the Town Hall, and the doors opening into it are 
three in number— one leading from a corridor which gives access to the public, one 
leading into the magistrates* retiring room, and one from the cells into the dock. 
Light is admitted only by a window in the roof, and in tl^is skylight there is an 
opening, intended for the exit of foul air, but practically serving for ^e entrance of 
fresh mr. The court is liable to be crowded eve^ morning by unclean ifisitors, and 
the heat and stench were such os to defy description. Through this heat and stench 
a stream of cold air fell down from above on the presiding magistrate, and occasioned 
him severe suffering. The justices were often compelled to make their escape before 
the business of the da^jr was concluded ; and the council had expended between l,400f. 
and l,500f. on successive ventilation d^turs, each of whom had left matters as bad 
as, if not worse than, thev were before. The subject was one of continual comment 
in the local papers, but tno council hid begun to despair of a remedy, when Mr. Tobin 
offered to supply one. He suggested that the council should pay him a nominal 
royalty for the use of his patent, and that they should pay the few pounds required 
fiw doing the work, leaving his own remuneration to their discretion when they saw 
the effect. These terms having been accepted, Mr. Tobin placed under the floor of 
the court three horizontal sha& which communicated with the open air through a 
cellar grating. From these he brought eight vertical shafts through the floor at 
different points. These vertical shafts rise about 4 feet above the floor, and are each 
6 inohes in diameter. They have open mouths, and are placed out of the way in 
comers, or against the partitions of the court. From each shaft there ascends to the 
ceiling an unbroken current of the outer air, like a fountain, or like a column of smoke 
when the bsjrometsr is high. The current will support feathers, or wool, or other 
light substances, and has so Uttle tendency to spread laterally that it can be made to 
influence half the flame of a candle, while the other half remaina undiatnrbed. A 
]^iaon rsating hie cheek ateinst the margin of one of the tubes feels no draught, and 
the hand feels none until it is inclined over the orifice. The effect was instantly to 
render the court as fresh and sweet as the external air around the building. The 
steady flow of the eight ascending currents constantly rinsed out, so to spw, the 
confined space, and washed away the effluvia of dirty people, and the p^uots of 
respiration, as fast as they were liberated, forcing them out through the skylight 
opening whirii was previously only an inlet^ but which was altered ip a manner to 
facilitate egresa. A^r three months' trial, and after aU the ma^strates for the 
bozongh had joined in a report, wbidh eppree^ their entire andmunixed aatiafimtion, 
the corporation voted Mr. Tobin honorarium of 2501., to express thsir sense of the 
benefit which ha had confen^^ upon the town. Thev also applied hie Sj^em to the 
eonncil chamber ; epd their example was followed by aome of the leading bankers 
a^ merchants, by the eburck'^'’^^* ^ George's Church, and by the proprietors 

of the Leeds Merotirjf, who have had every room and office in their spaoious premises 
ventilated under Mr. Tobin’s Puperintendenee, and who have expressed, in two .or 
three descriptive articles, the «ntire euceeee which has been obtained' 

* The system of vertical tubee is neesssi^ for rooms which hays no side windows, or 
wfai:*b have only a sm^ window surfoce in proportion to their cubic contents. But 
Mr. Tobin at the same time contrived a cheap and simple method, by which vertically 
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MOdDdiitt $Af ourrenU can be introduced through common window laebei ; and Uiia 
method will eulBee for all ordinary lining or tleeping apartments. Each of the 
openings made for this purpose is provided with a cover by which it can be dosed at 
inll ! uid they admit of a method of securing the sashes which affords almost entire 
f ecnrity against bucglan. A very competent authority has communicated to uf his 
experiraM for eight weeks of a room containing 2,500 cubic feet, ventilated, under 
Mr^ToBiK's direction, by four window openings which have an aggremte area of 30 
square inchse, but which are filled by layera of ootton wool to filter ^e entering air 
ftom dirt and moisture. The eurrents ascend in aheelute contact with the glass, 
keeping so closely to it that they do not affect the flame of a taper which is held ver- 
ticdly in contact with the sash W ; although, as soon as the taper is indined towards 
the pane its flame is strongly fluttei^. In this way the air asoends to the top of the 
winoow, where it is directed to the' ceiling and lost as a current, being no longer 
traceable by toper, hand, or fragments of down, although dosing the window openings 
diminishes in a marked flianner the draught up the chimney. Each opening, as 
already described, has an independent cover, and, without the wool, the four would, 
in cold weather, bo too much for a room of sise specified. With the wool they do 
not perceptibly diminish the temperature, but they give a fading of absolute out-of- 
doors froahnoss, which must be experience in order to be appreciated. There is no 
draught anywhere, and the openings are not visible unless sought for, so that curious 
inquirers who have remarked on the result have been unable to And the inlets. Ar- 
ranged os described, the openings are sufficient to feed a large argand table gas burner, 
find to sweep away entirely the products of its combustion ; so that, when the room 
has been shut up, with the gas lighted and with a good Are, for three or four hours, 
peraona entering it from the open air are not able to discover, except by the grMter 
warmth, any change of atmonhere. A bedroom ventilated in a similar manner is aa 
fresh when the door is oponea in the morning as when it was closed at night. 

* Mr. Tobin’s experiments early led him to the condusion that the prevailing notions 

about the necessity for carefully planned outlets were fallacious, sad that, if proper 
inlets are provided, the outlets may generally be left to take care of themselves. In 
order to test this he fitted two vertical tubes into a small room which had a fireplace 
and a three-light gas pendant. He dosed the opening of the fireplace, and every 
other opening into the room except the tubes, hermethmlly, and, shutting himself 
witliin, past3 slips of paper all round the door. He found that there was then no 
entrance current by the tubes. The room had ib outlet ; it was full of air. which his 
respiration had net had time to consume in any appreciable quantity, and no more 
could in. He next lighted the three gas burners, and a steady entrance current 
imme^tely set in through the tubes, and continued as long as the gas was burning. 
He waited nearly an hour without any deterioration of the atmosphere becoming per- 
ceptible to his senses^ and with the currents steadily coming in and ascending in their 
customary manner. He then cut through the paper which secured the door, and left 
tlie room, shutting the door behind him. Betuming half-an-hour later, he found the 
atmosphere still fresh. He next extin^shed the gas, and the currents gradually 
died away, the original state of equilibrium or ftilness being restored. This expen- 
ment, which has been several times repeated^seems to show that the external air will 
enter just in proportion as room is made for it by combustion or re^iration, and that 
the rate of supply is essentially governed by the rate of destruction or demand. In 
the doaed room the water produced l^ combustion would probably be condensed, and 
the heavy carbonic acid would aink to the floor. If the combustion continued in- 
definitely, the accumulation of these products would in time render the air ' irrespi- 
rable ; ’ but that time would be much longer in coming than is generally supposed, 
and, for all practical purposes, the ohimnqy throat is everywhwe snfflicient as an 
outlet. * 

* The nUwnak of the matter appears to be that when the external air communicates 
with that of a room through a chiuinel which terminates in a verdcal abaft, an inward 
current is produced as soon as the air of the room ii eitherrarefled by warmth or partially 
oonsumsd oy reipintion or combustion. This inwyd currant is due to the pressure 
of the external atmos^^ere, which is o^ble of driving tlm entering air, in a compact 
eolamn, to a considen^le elevation. The whole pressure of the atmoi^here is equal to 
rather more than 14 lb. on each square inch ; and this force would be all ezertM if tb# 
^dumber into which the air was to be drivoi was itself a vacuum. As it is, the 
presirare murted will always be determined hj the difference between the atmospberio 
density within and without the chamber; and heo<jl, the more the internal air as 
rarefied or consumed, the greater will he the force of the entering current. It foU^ 
that the supply of air ^usto itself automatically to the demand, and thaf the inlotai 
ehonld alwa^ be sufficient for the mtutimim requirementa of the room to which thes 
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are applied. However huge they may be, th^ will not admit air in aioeM of the 
nremetion or oombuetion of tmit wnieb ia already there ; and, aa mrc&etion and 
eombnation diminiah, the number of cubic feet paaaing through the inleta in a given 
time will diminiah in preoiaely the aame ratio. 

f In order to obtain an abaolntely perfect reault it is neoesaaxy to bear in mind that 
the behaviour of the entering current will be preciaely like that of the vertical column 
of water aent up by a Ibuntain, except that, aa the aaeending air ia received in a fluid 
of only little leaa aenaity than ita own, it will mingle with ^t fluid gradually when 
the propulaive force ia ezhauat^ instead of falling almost vertically by the action of 
gravity. But just as a fountain, if it encountered an obstacle while its column was 
still compact, would rebound from that obstaole with considerable violence, so the 
entering current of air, if it meet with an impediment prematurely, will be reflected 
as a draught. We have seen this very well ezemplifled in a room at Leeds, in which 
the construction of the windows rendered it necessaiy to make the inleta much higher 
up than usual, and in which, when the force of the entrince current was increased 
^ lighting gas, a very distinct stream of cold air was reflected from the ceiling. 
To prevent such an occucrenee, it is necessary to make the inlets so low down that, 
under all ordinary circumstances, the force of the stream will be expended before 
the ceiling is reached ; and when, from any circumstances, this cannot be done, the 
current may be broken by strainers of wire gauze or other suitable material. In this, 
as in most other matters, some special adaptation of means to ends is required ; and 
the arrangements for any given room must be planned by some one who has practical 
knowledge of the subject.' 

▼SHBZCMfcXS. (Vol. iii. p. 1071.) Common green verdigris is a mixture of the 
sesqui-basio and tribasic salts of copper. It is prepared by repeatedly sprinkling 
copper plates with vinegar in a warm room. « 

in calico printing, acetate of copper (verdigris) is used in solution, and is prepared 
by the double decomposition of sulphate of copper and sugar of lead. The following 
mixture is often employed: 1 gallon of water at 160*^ Fahr. ; 4 lb. white sugar of 
lead : 4 lb. sulphate of copper. The ingredients are previously ground up, and the 
mixture is frequently stirrea till the decomposition is complete, when the sulphate of 
lead is allowed to deposit, and the clear liquid is drawn off. The respective propor- 
tions of sulphate of copper and of sugar of lead are varied in different establishments, 
some using 2 lb. only and others as much as 6 lb. of sugar of lead to 4 lb. of sulphate 
of copper. It is obvious that where the smaller proportions of sugar of lead ore 
used, the resulting solution must contain a considerable quantity of sulphate of 
oopper mixed with the acetate. 

The uses of verdigris are less extensive than was formerly the case. It is used in 
many catechu colours, in certain resists for indigo blues, and as an oxidising agent in 
a few steam colours. In black dyes for sillbs ai^ for liats and for printing bl^s on 
silk goods, verdigris is also employed. Logwood blues on wool are also dyed with an 
admixture of salt of oopper, gene^ly verdigris. The Act of Qeorge III., 20, which 
imposes s penalty of 201. for every piece of doth dyed blue by means of this process, 
is a curious specimen of the commercial legislation of our forefathers, and is supposed 
to be still unrepeoled. Verdigris flgures in a great variety of old dyeing receipts, 
where its utility is exceedingly doubShl ; or rather where its inntility has been satis- 
factorily demonstrated. 

VBMCnUOV. On the Dwrodaiion of the Colov/r VermiUion, oeoathned by 
contact with Copper and Braes. — *lwme years ago, EAXocaBSOH (Dwo. Bolyt. Joum,, 
cxxxvi. p. 168) investigated the dreomstanoe that if oopper plates are employed in 
printing varmillion, the impreeaions are generally brown or bladdsh. In ue mann- 
nmtnre of playing-cards it has also been observed that if tmss is used in grinding up 
the colour, its b^uty is seriously impaired, the red becoming at flrst brownish, and 
vety soon deep brown, and utterly useless. HanifABSCK perceived at once that this 
ehanm of od^ depended on the formation of oopuer-sulphide, but supposed that the 
requmte sulphur was derived fbom impurides in tne varmillion, as a decomposition of 
the latter under such dronmstan^, at ordinary temperatures, is highly improbable. 

*M. Hbkicavh having recently shown that this decomposition of vennilliOD 
actually occurs, regards Habiiabscb’s proposal, to boil the vermillion before nee in^. 
eolution of pure potash, as nsdess, and he baa therefore repeated the experiments m" 
the Utter chemist. 

* The author hod at his duMsal a very pure vermillion, perfectly free ftom metallio 
meioniy, which, when boilea ^th solution of potash, lot it quite colourless, and 
yieldsd to, it no demonstrable traces of sulphur. Nevertheless a bright pUfs of 
oopper or lirass wae immediately coated with black copper^ulphide, if the vermillion 
previously extracted three times with fresh potash lye and then w^sd, was rubbed 
upon it with a cork. Perfectly dry vermillion requires a somewhat strong pressuse 
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to ttodoM thif oflbet If it is prsirionsly rubbed up to a paste with water, pfessuro 
with the finger is svflBeient to blacken^he onpm On stronger friotioa wi^ a cork, 
a part of the bliiek ooating beeemes separated nom the metal, mixes with the rest of 
the Vermillion and gives it a blackish colour ; whilst the copper, where it has been 
in contact with the vermillion, is strongly Mi a lgnm ated. It is even possible to write 
upon copper or brass with a piece of sublimed vermillion, the characters appearing 
suvery white after the metal has been liaeed in hydrochloric acid. The ready deoom- 
poeability of vermillion, as shown by this experiment, cannot be removed by bmling 
in potash, Kaukassch, however, declaree that commercial vermillion may be freed 
by two methods from those sulphur compounds which, in his opinion, cause the 
formation of copper sulphide— first, 1^ boiling with potash lye; and secondly, by 
stirring up the vermillion to a paste with water, and introducing piecee of metallio 
copper, which were to seise upon the sulphur and thus deprive the vermillion of the 
power of blackening any ftirther quantity of copper. 

' This teault can only bf explained by assumins that in his experiments qualities of 
vermillion were used which really contain soluble sulphur, by which the copper wae 
affected, whilst the vermillion was not in such close contact therewith as to undergo 
decomposition. Following Eabxabscii, HnincAinr laid a bright copper coin for soma 
time in a paste of remuluon and water, and found, on rinsing it, that the metal was 
really almost unchanged. Those places only which had been accidentally touched 
with a glass rod in stirring up the mixture were blackened. Wherever we copper 
had come in collision with the side of the veseel within the paste, thus occasioning 
close contact between the metal and the vermillion, blackening and amalgamation 
the metal were manifest The results of Kabmabsou’s experiments arc possible only 
if the pieces of copper remained motionless in the colour paste, and thus were able to 
take up merely free or dissolved sulphur. 

•As in printing, dee., with vermillion, the contact necessary for the decomposition 
of the metal occurs ; the de^;nulation of the colour cannot be prevented by previous 
boiling with potash. Vermillion rubbed up with oil is much less readily attacked 
than 5 dry or mixed with water. Iron decomposes vermillion only at elevated tem- 
peratures, and can therefore be used for rubbing and grinding without injury to the 
colour. Zinc has a very slight decomposing action if rubbed with vermillion, and the 
sine sulphide, if formed, is white; the change of the red colour is soaied^y per- 
ceptible. 

* Kabxabsch states, in a note to his Memoir^ that extraction with potash lye is not 
to be recommended for all sorts of vermillion. One sample was rendered decidedly 
brown by this process. A sample of vermillion prepaid in the moist way was 
sought to be frm from an adwxture of metallio mercury by boiling witii dilute 
nitric acid, in consequence of which it assumed a lighter colour, and on snbsequent 
treatment with oanstio or carbonated alkalies or ammonia it bwame a deep bla<fiL 
In consequence of the action of merourio-nitrate upon a portion of the vermillion, 
there was formed the white oomponnd— 

(2HgS + Hg(NO»)*), 

which made the red colour rather paler, an^ on deeompoeition with alkalies^ yielded 
a black mixture of mercuric oxide and mercuric eulphide.' — A. fimiiAinr. 

wasmmra. This colour was discovered by Kxobp, of Btnttmrt Its nature 
and preparation have not been closely described, but it is probably identical with the 
dye patented by Messrs. Aopibtb and Bau as * Manchester Brown,’ and produced by 
the action of aJkoline nitritei on phenylen-diamine. Vesuvine dyes orange and light- 
brown shades. For use it is dissolved in tepid water and filtered. This solution 
dyes wool and silk at the heat of 87^ or 88** 0. The addition of hyposnlphite of soda 
to the extent of one-tenth the weight of the colour is advantamns as regards wool. 
A variety of brilliant shades can be piodneed by the addition c? a solntion of chloride 
of tin nentialised with ammonia. Cmton tissues are first psepued wUh snmaeh ; then 
woiksd in weak stannate of soda, wrung ont^ passed throw water riigbtly addnlated 
with snlph nric a eid, rinsed in oold water, ana worked in the dye-batk 
Bee Extlobivb CoKPouirDS. 

vnyftftW. The treads which resnlts from the mannfactore of beet-root 
Sugars. 'When fermented and distilled it yields alcohol, and leaves as a residue a 
very aqneons brown liquid known as * vinasse,’ containing the greater part of the non- 
volatile matter found in the saccharine juice dl the beet. 

WX6iaV-001i0 Wm nUMU See PYBOTnoBXT. 

WIOUV STM. (VioLxr Bra, vol. iii. p. 1082.) Napht^lmme .Vi»UU.^A 
dye of a red or violet colour, one of the most important modnets of naphthalin, which 
was discovered by Fabadax in ooal tar in 1820. Aaphtnylamine is eompoNd of-* 
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and haa received tlie fbEmnla C'^H'N. 

It ia a aoUd body, eryatalliaing in eolonrleaa needlea of offenaive odour and a 
burning taate. It fdsea at 50^ and aublimea at 300*^. In water it ia almoat inaoluble, 
but itoiaaolvea readily in alcohol and ether. It combinea with the acida to form aalta, 
which on exposure to the air or to oxidising agents take a red or violet colour. 

One kind of violet resulting from tho action of oxidising agents upon the salts of 
naphthylamine was discovered by Piaia in 1861. Its constituents are unknown. 
The other kind is produced by the action of dehydrogenisers uj^n uaphthylamiue at 
tho temperature of 200®. Their production generally accompanies that of naphthyl- 
amine red. Neither of these violets has yet ^n prepared \>n a large scale. 

NaphthyUn Diamino V^lsta result from the action of reducing agents upon binitro* 
naphthalin. Tboost prepares them by treating binitro-naphthalin with sulphides, 
cyanides, and sulpho-cyanides in presence of an alkali, which must not be allowed to 
act before the reducing agent. The violet bodies produced dissolve in alkalies, 
alkaline carbonates, and alcohol, from which they are precipitated unchanged by 
dilute acids. 

Boussui treats binitro-naphthalin with proto-salts of tin dissolved in caustic alkali. 
If the heat of the water baw be applied, ^e reaction is complete when the tempera- 
ture reaches 80®. The mixture ia then thrown upon a filter, and washed as long as 
anything is dissolved. A violet-blue powder remains on the filter, easily soluble in 
alcohol and wood spirit, and capable of dyeing fast shades. 

The new violet is a beautiful dye, giving very pure shades, much more blue than 
can be obtained with Paris violet of the bluest quality ; and it presorvos its special 
tone by artificial light. It is very soluble in boiling water, but the smallest trace of 
foreign matter modifies its solubility. 

The raw materials employed for obtaining this and analogous colours are tho 
aromatic diamines obtained on reducing the nitro-derivative from the acetylisation of 
organic bases. 

Thus, taking aniline, aeetaniline is first prepared, then nitraoetanilide and nitranUine ; 
then the nitraniline is reduced either by iron and acetic acid or by tin and hydro- 
chloric acid. 

The hydrochloric solution of phenyUn-diaminB is saturated with sulphuretted 
hydrogen, and we add perchlorido of iron ; tho sulphur liberated combines in the 
nascent state with the base, and if the addition of the oxidiser is continued little 
by little the colouring matter is developed and precipitated. It is filtered, washed 
with slightly saline water to eliminate certain impurities, dissolved in boiling water, 
and allowed to cool, when it is obtained pure in smendid crystals. The following are 
the proportions employed : 20 grams of hydrocnlorate of phenylen-diamine, water 
saturated with sulphuretted hj^rogen 4,000 c.c., hydrochloric acid 20 grams, per- 
chloride of iron in solution at one-tenth 600 c.c. 

The solution of this colour in alcoholic soda is a splendid magenta red. Soda added 
to the eolation of the violet gives a brown precipitate, tho base of the new colouring 
matter. 

This colouring matter has been obtained with fi^phmyUn-dianiin ^ ; if we set out 
from pawdo-towodin we obtain a violet much redder, and crystalline toluodin yields 
a violet red. — M. Ch. Lxcth, ‘New Glass of Oolouring Mattel^’ Monitmr SoieiUifiyue 
du Br. Qubskh viub, Au gust 1876. 

vnooSlMSTax. Several instruments have been devised for measuring the 
viscosity of solutions of gum and other viscous materials, and of these tiie least ex- 
pensive and most simple appears to be a glass ftinnel, the tube of which is drawn out 
to a fine point. Solutions of gum are m^e in definite proportions, and the funnel 
having been filled, the time that tlv several solutions take to run through is aoourately 
noted, this operation being shorter or longer according to the viscosity of the solution 
under treatment. 

H. SmucAim'B viaaonmeter oonsists of two hollow glass cylinders placed side hj 
side, one of which is filled with pure water, and the other with the solution to m 
tested. Into each of these eylinarical glasses (which are precisely similar) metallic 
balls can be let down. These balls are suspended silk threads, and move freely 
over pulleys; they are, however, partly eounte^ised by means of we^ts. If the 
viseosi^ of the liquids placed in the glass cylinders be equAl, the metal balls will 
descend with the same speed, provide of course that thqy are the same sise and 
weight ; but if one of the cylinders contiuns water and the other a eolution of gum, 
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th« 1*11 ivill sbk into tha latter more dowly than into the former. The deacent of 
ihe balla, when nearly at the bottom ortho cylinder, ia atopped by a pecoliar me* 
chanical arrangement. M. SraiuuNN’a apparatua ia in many reapecta an eioallent 
one, but it ia too comidicated to be of great praotioal uae to those who require to teat 
aeveral aamplea of gum in a abort apace of time. 

▼ITBIOli B&Va* (CoppBB, oALTa or, vol. i. p. 047.) Sulphate <if Copper, known 
also aa blue atone, blue vitriol, and Boman vitri<d, ia now senerally pr^ared on a 
large scale direct trcm the ores. It forma large, hard, deep-blue crystals, soluble in 
3 parts of cold and in 4 pert of boiling water. In the dry atmosphere the cr^atals are 
apt to effloresce, losing part of the 86 per cent, of water normally present. A solution 
of blue vitriol saturated at 62^ Fahr. sUnda at 86" Twad. If the o| 7 stals are exposed 
for some little time to a temperature slightly exceedins that of boiling water, the water 
of crystalliaation is expelled, and there remains an annydroua sulphate in the form of 
a white powder. In eontgct with minute traces of water this powder resumes its blue 
colour, nnd may therefore serve to detect the presence of water in alcohol, ether, Ac. 
At full redness the sulphate of copper is decomposed, the oxide of copper remaining 
in the form of a black powder. 

Sulphate of copper is often found to be impure. The protosulphate of iron 
(copperas) is capable of crystallising along with blue vitriol in a very considerable 
proportion without any alteration in its form and colour. To detect the pimrace of 
iron, the solution is boiled with a little nitric acid, and an excess of ammonia in then 
add^. If auy iron is present, brown flocks will remain floating in the ammoniacal 
solution of copper. Zinc may be detected, along with manganese, magnesia, 6^., by a 
process with sulphuretted hydr(^en. The sulphate of copper is used in resists xor 
indigo blues. 

Copper salts Imve, within the last few vears, met with a new application in dyeing 
and printing aniline blacks, the sulphide being preferred by many. 

Thu presence of copper, however, where not specially required, should be carefhlly 
avoided. The action of copper is generally injurious; and even in' minute traces it is 
capable of modifying shades in an unexpected and pussling manner. With madder 
it proves completely fatal, even in small quantities. A piece of sulphate of copper 
put into an indi^ vat throws it out of order, by oxidising the white indigo and sending 
It, in an insoluble state, to the bottom. 

▼OXiTAIO BATTaXT. Mr. WAanmf Dx la Bun and Mr. Hugo MAllbs con- 
structed a battery thus : Each element is formed of a glass tube, endoeing a rod of 
amalgamated zinc, 8 or 10 centimetres long and 0*48 centimetre in diameter. The 
bottom of the tube contains 14*60 grams of chloride of silver, well rammed down, 
into which runs a silver wire in communication with the sine of tha next cdl. The 
cells are charged with a 2*8 per cent, solution of chloride of ammoninm. The current 
from 3 '240 cells traverses with a brilliant light most of the capillary tubes used in 
spectnd analysis. It passes easily between poles 81 oentimitres apart when the tube 
has a diameter of 2*64 centim^tiM.— Seudut, Uxxi. Journal of Chemical 
Society for March, 1876, 


W 

WAXA-VAVBS. (Pafbb HAifoniGS, vol. iii. p. 477.) It has been ftfequently 
stated that green wall-papers are dangerous on account of the arsenie in the colour. 
This ia, however, veiy doubtftd, especially when the paper is properly manufimtured. 
To the dangers oppe^ning to green must now be adaed, aeooroing to an article in 
the Oaeette dee HopUaum, a fresh series of poisons, whidi have been traced to wall- 
papers and materials dyed red with ooraUme dye. It was believed for some time 
that this material, which was used to dye stockings, socks, and other woollen goods a 
magnifleent red, was poisonona. A young man who wore red eodu, having been 
attacked by a ve^ acute and painful vesicular eruption on both feet, M. TABOunr 
attributed this afrection to the red colour of the coralline dye. ^e substanoe in 
question having been separated by M. Bousbik, the chemist, and injected under the 
■kin of a dog, a rabbit, and a frog, which died from^ elTects, it was oonelnded to be 
a violent poieon and subsequently fell out of use as a dyeing agent Oontradictione 
were soon forthcoming; M. Laudbin, a veterinary snigeon, aseerted ^t he had 
administered eoi^ltne to doas and cats without observinff sny subsequsnt ill eflhet. 
Hs had had positive proof of the absorption of the ooralune and of its parity, siaoe 
he had been ohle to collect it in the lungs of the animals, and to dye silk with H. 





Dr. Girrot eonflrmed these experiments, nod etme to the eonoltision that eoiralljne 
was not poisonous, even in lar^ doses, and^hat it may be safely used in dyeing, 
provided that it be not mixed with poisonous substances. 

M. BonrHABDaT states that he hM often had an idea that signs of poisoning by 
local applications of SoHXBLif s green or arseniate of copper were present in some eases 
from ^ nature of the symptoms recorded ; but this was an d priori explanation 
which was far from convincing. Dr. Buox, a physician of QuimperlA, states that he 
had an apartment hung with fiuirv Paw, a wall-paper with a red pattern on a hasel- 
brown (noiaeiio) ground. Whenever he inhabited this room he was annoyed by 
pricking of the eyelids, with itching and burning sensations ; he was even attacked 
by purulent coigunctivitis after having slept for several nights in this room. He 
hM the paper analysed, and, from a pie<M of 10 square centimetres (0*12 square 
yard), MM. ^tib and Lbbaxoub obtained, with Mabsh’s apparatus, enough arsenical 
patches to cover a saucer. Jh^ were also able to extract ^m a larger quantity of 
this paper enoi^h coralline to submit it to reagents, to dye silk and wool with it, and 
to obtain sufficient arsenical patches to enable them to affirm that the red substance 
employed to colour the paper was undoubtedly coralline, and that, in its use us a dye 
for paper, it was an arsenical substance, as M. Bouohabdat had supposed, though 
M. ^nssuf had not bean able to recognise it as such. M. Matbb could not obtain 
any patches of arsenic by submitting the brown portions of the paper to the action of 
Mabsh’s apparatus, and therefore came to the decision that t^e arsenic was only 
mixed with the red colour of the paper, that is, with the coralline dye. 

From this it results that pure coralline is not poisonous, and may be employed as 
a dye ; but, in materials as well as in wall-papers, an arsenical mordant is often used 
to fix it This mordant, then, acts as a poison, whether acting ^pically on the skin, 
where it is directly deposited, through the medium of red shiits, drawers, and stock- 
ings, or by the dust and vapours which disengage themselves from the papers or 
stuffii dyed with it. We nve these statements to guard people from running any 
risk, but wo are disposed to believe that the statements made of poisonings by 
arsenic, coralline, picric acid, and similar agents are greatly exaggerated. 

WAflBXlfCI OOAli* See Goal Washibo. 

WJLTBB* (Vol. iii. p. 1004.) In the urticle referred to, the analyses have been 
given of the waters of the Thames, the Eze, the Doe, the Rhine, the Danube, and the 
Seine. From these analyses it will be seen that the solid matter held in solution 
differs considenbly in waters from different sources. We 6nd for example the water 
from the Thmnes at Battersea gives 1610 of carbonate of lime, while that from the 
£xe gives only 1*28, but we also see that the organic matter differs but slightly in 
the waters examined. Indeed, the difference is so slight that we suspect an error on 
the part of the chemist making the analysis. 

The oinnio matter entering into a river has been regarded as the contaminating 
agent, ana to it we have been in the habit of xefisxring several forms of disease. The 
Commissioners on the Pollution of Riven (from whMe Reports we shall frequently 

a note), say, referring to the drainage areas of the Weaver and of the Irwell, that 
le population of the Irwell valley has increased to four times that which was found 
in the same district in 1801. They then continue : — 

* These considerations embrace indeed within their limits the whole of the problem 
with which we have to deal. A certain quantity of water falls upon a given area, 
and upon that area drcumstances have congregated a large and rapidly increasing 
population. But the natural suTOly of water is a fixed quantity ; and our problem 
may therefore be thus stated: By what means can the largest regular supply of 
water be secured ? and how can this supply be maintained in sndi a state of purity 
aa will admit of its reiterated employment for manufacturing and other purposes, till 
it finds its way at last into the estuaries or into the sea in such a oond&ion as to be 
oeitto ii^urious nor offensive to those living on its course or near its ont^ ? * ^us, 
we are instructed, a very la^ number of our rivers flowing by large towns are 
polluted, and the question arises. Has nature ffirnished any process of self-pnriflca- 
tioD 7 To this the Commissioners leply : — 

* Of the difiSnrent kinds of pollution affecting rivers, animal otguio matter, as it 
oocors in sewage, is that which renders water not only most offensive to the senses, 
but most likely to iiyure the health, both by its gaseoos emanations and by its dele- 
terious efibots when used as a beverage. Rivers so polluted fluently contain from 
1 to 2 lb. of organic matter, andibom 4 lb. to | lb. of organic nitrogen in 100,000 lb.' 
It has been asserted ^Baport ofBopal Cmmianon on Waitir Bvipplg, p. Ixxix.), thst if 
sewage be mixed with 20 times its volume of water, the omsiic matter which it 
contains will be oxidised and completely disappear while the nver is flowing a doaen 
miles or so. 

To this the Rivers' Pollution Oomraission reply 
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*8o tax ftom tewage mixed with 20 timea iti Tolnme of water being exidiied 
daring n How of 10 or 13 milee, eearlUy two-thirde of it wonld be eo deetro^ b n 
flow of 168 milee, at the rate of 1 mile per hoar, or after the Upee of a week. But 
eren thie ie airiTed at fay a eeriee of aaenmptione which are all greatly in IhToar of 
the eflicieiicy of the oxidising process. Thus, for instance, it is assumed that the 62 8 
per cent, of sewage is thoronghly oxidised and oonTerted into inofiensiTe inorganic 
^tter; but the experiments showed that, in fiiot, no sewage whateyer was so con- 
yerted and destroyed, even after the lapse of a we^, since the amount of carbonic 
acid in the water remained constant duiiim the whole period of the experiment, 
whilst, if the sewage had been oonyerted (nto inorganic compounds, the carbonic 
aci^ os one of these compounds, must have increased in quantity. 

* Thus, whet^r we examine the organic pollution of a river at different points of 
jU flow, or the rate of disappearance of the organic matter of the sewage, when the 
latter is mixed with fresh water and violently agitated in contact with air, or Anally 
the rate at which disaolAd oxygen disappears in water polluted with A pw cent, of 
sewage, we orr led in each case to the inevitable conclusion that the oxid^ion of the 
organic matter in sewage proceeds with extreme slowness, even when the sewage is 
mixed with a la^ volume of unpolluted water, and that it is impossible to say how 
far such water must flow before the sewage matter becomes thoroughly oxidised. It 
will be safe to infer, however, from the above results, that there u no river in the 
United Kingdom long enough to efbet the destruction of sewage by oxidation.*— 
(Vol. i. p. 21.) 

It was first pointed out by Professor HorFMAn and Mr. Witt, that a certain quantity 
of even the soluble salts was separated from the water by the ordinary sand filtration. 

They thus describe their results 

* These experiments upon the filtration of sewage through various materials leave 
no doubt that this liquid can be effectually purified by such processes, and that 
probably any variety of porous and finely divided soil may be employed for this 
purpose. Our experiments appear to show that if the soil be, not overdosed with 
sewage it will retain its efficiency for a long, if not for an unlimited period of time, 
and its pores will not become clogged up.' 

It is evidently proved that water contmning organic matter in solution is purified 
by filtration through porous soiL Oxygen in its ordinary state, or in its active condi- 
tion, enters into rapid combination ^th the organic matter, and carbonic acid is 
formed, or a process of nitrification is established. On this latter point Mr. B. Wab- 
BiNOTox read before the Ohemical Society, on December 6, 1877, a paper * On Nitri- 
fication : a Beport of Experiments conaucted in the Bothamsted Mboratory.' In 
this he says : — 

*It has been generally assumed, when such bodies decay in a porods medium 
offering a sufficiently Is^ surface for oxidation, that nitrates must necessarily be 
formed; this view has, however, never been confirmed by exact experiments. In 
February last ScaaxBsnra and Mihm (OomptM Rendma, Ixxxiv. 801) laid btfore the 
French Academy a paper proving, in their opinion, that nitrification was due to the 
action of an organised ferment. Their fkindamental experiment is the following : 
A glass tube 1 ^tre long was flUed with^ mixture of 6 kilos, of ignited sand and 
100 grams of powdered limestone. Through this mixture a slow stream of sewage 
filter^ so that it occupied 8 days in passing down the tube. During the first 20 
days no nitrates tMpeta in the exit water ; aftqp this period they co^ be detected ; 
the quantity rapiuy increased until no ammonia could be found in the exit water ; 
this continued for 4 months. A small vessel of chloroform was now plac^ on the 
top of the tube, so that the vapour passed down through the soil (this reagent effec- 
tualW suspends the action of organised ferments, Comptes Bmdut, Ixxx. 1260). In 
10 &ys all nitrates difwpeared, and the ammonia salts passed ttough unchanged. 
After 16 days the chloroform was withdrawn, but no nitri^tion took place during 

7 weeks : 10 grams of a soil which was known to nitrifr were now treated with wat^ 
and the washings poured on the column of sand, so asi if possible, to seed the soil anew; 

8 days after nitrates again appeared as before. jThe importance of this new theory 
is clearly very great, so the author has tnted it by farther experiments in two dieting 
lines of proof: The action of antiseptie vapours in preventing nitriflcatioii. four 
tubes were^flllsd with moist kitchen^garden soil ; through the first moist 

free air was drawn by an aspirator ; urongh the second moist air as befiire^ but it 
was passed through a bottle containing aponge moi^ened with carbolic aokU The air 
drawn through the third tube waa aimiluly charged inth a little Iris^phide of carbon : 
that through the fourth with chloroform. Two series of experiments were 
the end of the experimente the nitratea formed in the sou were detarinined by the 
method of Oxuii and Fbahkland ; the results ore given in the foiling tsbla the 
•xperiments lasting 89 and 48 days respectively:— 
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Nitrogen at NUraiet and NUriietptr million iff Air-dried Soil. 


History oC Soil 

First Experiment 


Original soil 

6*12 


Air passed 

40*87 


Air passed with carbolic acid . 

17*20 


Air passed with carbon bisulphide . . 

6*70 


Air passed with chloroform . . 

9*48 



lb becomes important, after these statements, to examine the composition of several 
kinds of waters. The wfCLers supplied by the London 'W^ter Companies have been 
selected, bearing as they do i^n the important question of the future water supply 
of the metropolis. The condition of the water obtained from Kent deserves special 
attention. The following tables given b^ the Bivers’ Pollution CommissioDors may 
be regiurded as the most satisfactory examination which has been made : — 


Metropolitan Waters. 

(These Waters were all collected during the month of October 1877>) 


Bouroes from which obtained 

Total Solid 
Matters 


|| 

Nitrogen as 
Nitrites and 
Nitrates 

Total 

combined 

Nitrogen 

1 

il 

n 

Chelsea .... 

26*96 

*112 

•026 

*168 

*188 

1*60 

17*7 

West Middlesex . . . 

27*80 

*078 

*017 

*176 

*192 

1*60 

26*1 

Southwark and Vauxhall . 

27*82 

•087 

*027 


•267 

1*62 

19*7 

Grand Junction . 

28*04 

*067 

*018 

*219 

*237 

1*62 

20*7 

Ijambeth .... 

28*38 

•091 

*015 

*266 

*271 

1'55 

20*4 

New Biver .... 

26*46 

*030 

*011 

•261 

*262 

1*60 

20*3 

East London . . • 

27*60 

*065 

•017 

*161 

'178 

1*80 

20*9 j 

Kent 

42*24 

*060 

*008 

•678 

•681 

2*60 

26*6 1 


The above should be read thus : — The Chelsea water was collected October 11, 1877 ; 
and 100,000 lb. of it contained 26*90 lb. of solid matter. The organic substances, 
constituting a portion of this solid matter, contained ‘112 lb. of carbon, and *026 lb. 
of nitrogen. This water oontfuned no ammonia, and '168 lb. of nitrogen in the form 
of nitrates and nitrites, whilst the amount of combined nitrogen in every form was 
*188 lb. The above weight of water also contained 1*60 lb. of chlorine (existing as 
chlorides?), and 17*7 lb. of carbonate of lime, or an equivalent quantity of other 
hardening or soap-destroying ingrediBti. This applies equally to e^ of the other 
waters. 


7%e Meant qf a Year. 




♦ 

11 

II 

il 

11 

Chlorines 

111 

Chelsea 



27*82 

•197 

•084 

•226 

*269 

1*98 


West Middlesex . 



27*04 

•173 

•028 


*280 

1*88 


Southwark . 



27*19 

•186 

*080 

•200 

281 

1*86 


Grand Junction . 


• 

^27*81 

*188 

*082 


■239 

1*86 


Lambeth 


• 

28*47 

•208 

*040 

•246 

*287 

1*90 


New Biver . 


• 


•107 

•018 

•248 

*266 

1*72 

22 1 

'BhMt London 




•176 

•086 

•169 

*206 

1-97 

21*3 

; Kent • . 




*060 

•010 

•461 

•471 

2*64 

29*9 



































Aeerage Compoaitwn of Unpolluted Water, Results of Analysts expressed tn parts per 100 , 000 . 


WATER 


9d7 

























WATER 


^feuor Fbansland writeB: 'Oaref^l o||tervatioDB made by ns have demonatsated 
that in the river water supplied to London the eolnble organic matten, and some of 
the suspended matters of sewage and manure, reach the water*drinker in a few hours, 
and in substantially the same condition in which they leave the sewers and ilehk; 
but the organic matter present in deep wells, although it may have had the same 
ori^n, has been subjects to the pow^ul ozidisi^ influence of porous chalk fbr a 

S inod of many months, if not of years, before it is raised to ^e surfisce and 
stributed.’ 

The Beeulte of Anah/eee, expreeeed in parte per 100,000, of Deep Well and Spring 
Water at the Bew River Companfe Works. 


■ji 


AmweU Well (May). 

81-88 

•> .1 (July) • 

83*66 

Oheshunt . 

23-08 

New River, after sub- 
sidence and filtra- 


tion . . . 

22*00 

New River Head after 


filtration 

81*66 

Chadwell Spring 

29-80 


The following table collates the particulars obtained by the Rivers' Pollution 
Commission : — 



The following returns wore made by Dr. LaTHinr to the Society of Medical OflKcers 
of Ileal^ of the average compoution of the metropolitan waters ; — 


Names of Water Companies 


Thames water companies— 
Drand Junction 
West Middlesex . 
Southwark and Vauz 
haU . . . 

Chelsea • • # 

Lsxnbeth . . < 

Other companies— 

Kent . . . < 

New River . 

East London . 


As Am- Before After 
monla Bolling BolUng 



0161 0‘002 
0-077 0-142 0001 

10‘78 I 0 086 0*160 0*001 


28*08 0*007 0*806 

lO'Oe 0*080 0*147 

20*70 0*046 0*172 0*001 
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Norn— The emoont of oaraa reqnind to oddiM the or^e motter. nitntea^ fto , 
li detennined by a itaDdazd aolaticn or permanganate of potaah acting for three 
hows ; and in the eaao of the metropolitan watere the quantity of oiganio matter ie 
‘about eight times the amount of oxygen required by it. 

The water was found to be dear ^ nearly oolourleea in all cases but the following, 
when it was slightly turbid— namely, in the ease of all the Thames companies, ex- 
cepting the WnsT MmoLisn. 

The following results are the aTeiugea of theaaalyses of the samples of water taken 
monthly from the mains of the seTararoompaaies during the year, and they show that 
the total proportiono of solid matter dissdeed in the water hare been as follows— 
namely, 19-67 grains per s^on of the Thames supnlr, 19-06 grains of the New Biver 
supply, 20*7 grainB of the East Loudon supply, which u chieOy from the Lea, and 28-03 
grains per gallon of the Ennr Ooxpaitt'b water, which is obtained from deeo weUs in 
the chalk. The solid matter^nsists in all caaes of a Teiy large prmrtion (about two- 
tbiids of the whole) of carbonate of lime, with a little carbonate of magnesia, and the 
other third is composed in nearly equal pi^ of sulphate of lime, common salt, and 
nitrate of magnesia. These eubstmeea, in the proportion in which they exist in the 
metropolitan supply, are of prime importance in a dietetical and sanitary point of 
riew, for experience has shown that waten of a moderate degree of hardness from the 
presence of calcareous salts are more wholesome than those which are deficient of 
such substances. It is satisfoctory to know that the water supplied to the metro- 
polis is remarkably free from oiganic pollution ; the nitrogen, for example, which 
IB present as actual or uline ammonia d^ not exceed the ^ ^ min per 

gallon of water, and in several cases, as in the Kbiit, the Saw Bivin, and the Wnsr 
Mioulbsbx CoirPAiOBs’ water, it is entirely absent. So also with regari to organic or 
albuminoid nitrogen the proportion is excitingly small, averaging in the case of the 
Kknt Company's water the 0*008 of a grain per gallon ; in the MiDOLBsax and 
New Bivkb OoMpANiBB* water the O'OOi of a grain ; in the East London water, the 
0-006 of a grain ; and in the rest of the companies the 0*007 of a graik Nitrogen as 
nitrates ranges from 0*147 of a grain pergallonof the water derivt from the Thames, 
to 0*306 of a grain in the deep well waters from the chalk. All these facts, together 
with the small proportion of alkaline chloride in the water, indicate a remarkablo 
freedom from sewage or other organic pollution, and they fully sustain the hin^ opinion 
entertained of the wholesome quality of the water supplied to London, as expreseed in 
the reporCs of the Scientific Oommiesion of 1869, the Select Committee of the House of 
Commons of 1867, and the Boyal Commission on Water Supply in 1869, all of whom 
were specially appointed to ixiTeatigate the quality of the water supplied to the me- 
tropolis. 

The quantity of water daily supplied to the metropolis has ranged from 81 ’9 gallons 
per head of the population to 86*9 gallons— the average for the whole year being 
33-7 gallone per head per diem. Mmith by month the proportions have been as 
followa- - 


167S 

GWlons pv Dlsn 

Hoobm snpidleil 

OsUons per Head 
^ly 

January 



108,899,776 

#16,202 

81-0 

February . 



109,627,083 

616,846 

82-2 

March 



109,862,848 

616.614 

82-2 

April . 



118,046,907 

617,200 

82-8 

May . 



121,648.786 

617,480 

86-8 

June . 



127.881,916 

618,127 

86-9 

July . 



122.819,088 

619,068 

86-6 

August 



126,186,742 

610,669 

86-8 

Se^ember . 



117 744,887 

621,068 

84-2 

October 



117,744,907 

6fil,068 

84-2 

November , 



109.998,771 

621,886 

81-9 

December • 



111,420.840 

621,666 

82-8 

Avenge 

• 

• 

116,188,787 


28-7e 


About half of the water is derived from the Thames, about a third from, the New 
River and the Lea, and the rest from deep wells in the chalk. The largest proportiem 
of it— amounting to about 80 per cent. — is used for domestic purposes ; ano, eon* 
sidaring tbs nqnlrements of a household, a dally supply of 26*8 galioas head of 
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the population, or nbout 180 gallone pe^ house, is abundantly suflldent for all 
domestic and sanitary purposes. 

The Bivers’ PoUotion Commission state that there is abundance of water in the 
Thames basin to supply, for many years to oome, all that may be required by the 
increasing population of the metropolis. 

f All the estimates which have been made by the Royal Commission, by the Rivers* 
Pollution Commission, and by the Metropolitan Bourn of Works, are founded upon 
the hypothesis that the increase of population is to proceed at the rate which has been 
maintained for the last few years. We have only the maropclitan area to deal with, 
but the rate of increase which has been estimated for Croat Britain has a strict rela* 
tion to the increase of people in the metropolis, therefore we give an abstract from the 
estimate made for the Royal Goal Commission by Mr. Fmcn Wiluams. In 1871 the 
population of Creat Britain was 26,062,721. In 1971 it is estimated to increase to 
68,928,000. In 2071 to 93,000,000, and so on. In 187% (June) the population of the 
United Kingdom, as edtimated by the Registrar-Oeneral, was 88,444,419 ; the popu- 
lation of London to same date, June 1877, being 3,638,484 people.) 

It has in every case been forgotten to examine the great natural checks to this 
rapidly-increasing rate. That for some years to come the increase will be maintained 
appears to he tolerably certain, but, notwithstanding everything that has been effected 
in the way of sanitary improvements, it will, we believe, be found that the neceesitioe 
of our existence will be the means of establishing strong checks upon the increase of 
the number of inhabitants in the metropolis. We are disposed to believe that the 
probability is, that the metropolitan population will receive such natural chocks that 
It will never far exceed — within the district of Greater London — 4,000,000 of 
souls. 

In voLiii. p. 1100, the porifleation of water by filtration has been already dealt with, 
and the use of Mr. Spehceb’b process of purifying water by the employment of magnetic 
oxide of iron is described. At page 367 of this volume the spongy iron filter is noticed. 
Of this filter an extended experience has served to prove its real value as a purifier of 
water for drinking purposes. The following additional |»rticular8 may now bo given. 
These are derived from the report of the Royal Commission : — 

' Filtration on the large sode is rarely performed with uniform efficiency, and the 
water delivered in towns is, therefore, frequently submitted to domestic filtration 
through sand and other materials. Filtration upon a small scale may, if carefully 
performed, be rendered much more efficient than the waterworks* process as at 
present most frequently conducted ; but we are bonnd to say that domestic filtration, 
when left to the care of average servants, not only entirely fails to purifo the water, 
but actually often renders it more impure than before. No other result than this can 
be exMcteid if we consider the work which the domestic filter is called upon to do. 
A small volume of the filtering material ie crammed into the smallest possible space, 
and then for months, or even years, water, more or less polluted, is passed through it 
until the pores become so clogged with filth as to refuse the transmission of more 
liquid. Long before this happens, however, the accumulation of putrescent organic 
matter, upon and within the filtering material, furnishes a fovouiable nest for the 
development of minute worms and other disgusting organisms, which not unfoequently 
pervaae the filtered water, whilst the proportion of ormic matter in the ^nent 
water is often considerably greater than present before filtration. . . . 

' Of all materials for domesti# filtration with which we have experimented, we find 
animal charcoal and sponc^ iron to be the most affective in the removal of orgimio 
matter from the water. We are not prepared to say that these are tlie only materials 
in actual use which are efficient; they are, however, the only snocessfnl ones 
amongst those with which we have h^ the opportunity of making satisfactory 
trials. . . . 

* The removal of mineral constituents, and the consequent softening of the water 
(by animal charcoal), ceases in abont a fortnight, but the withdrawal of organic 
matter still continues, though to a greatly diminished extent, when the filter is much 
used, even after the lapse or sii^months. 

* The property, whiw animal charcoal possesses in a high degrM, of fkvonring the 
growth of the low forms of organic Ufo, is a serions drawo^ to its use as a filteriag 
medium for potable waters. . . . 

* We have obtained still more remarkable results by continuous filtration of water 
through metallic iron, whichfiiod been prepared by the reduction of hematite ore at 
the lowest practicable temperature. . « . 

* The iron Uius obtained, not having been molted as in the ordinary smslting ftffp 
nace, is in a finely divided and spongy condition, and appeam to be a very active 
agent, not only in removing organic matt«* from water, but also in materially iwucing 
its haidneii and otherwise altering its character when the water is flltetcd thfoug(b 
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the iponfsy The following table eontaine the reeulte of analjiee of many 

pain of ■amplee, one of eadi pair beinff t)m water delivered by the OuniaBA Gompany 
ut tlie laboratory in Victoria Street, Westminster ; and the other, the same water, 
after filtration through epon^ iron, which was supplied to us bv Mr. Gustav Biscuop, 
formerly Professor ^ Technic Chemistrprin the Andersonian Universitv of Glasgow, 
the discoverer of the remarkable properties possessed by spongy iron in reference 
to the purification of potable water.' 

A soloction ftom that table is made. The results of analyses are expressed in parte 

yer 100 , 000 :— 


Tune when the Water was taken from 
the Thames 

Organlo Carbon 

Organic 

Nitrogen 

Frevtoos 

Hawage 

Contamination 

January 24. 

• 

Before filtration 


'299 

•046 

1-820 


After „ 


•120 

‘031 

•300 

Fel»ruiiry 24. 

Before ,. 


•200 

•031 

1-430 


After „ 


•060 

‘018 

•640 

March 25. 

Before „ 


•176 

•026 

1‘66U 


After „ 


•077 

‘021 

— 

April 23. 

Before „ 


•197 

•028 

1090 


After „ 


•078 

‘018 

— 

May 21. 

Before 


•188 

•084 

•890 


After „ 


'089 

‘020 

— 

September 15. 

Before .. 


•120 

•016 

1’340 


After „ 


•026 

— 

•010 

October 15. 

Before „ 


•160 

•072 

1*970 


Alter „ 


•046 

•016 

— 

Nu\ ember 27. 

Before „ 


‘230 

•047 

2 080 


After „ 


•060 

•008 

1‘200 


*The numbers in this table show in every case a most satisfactory reduction of thi 
proportion of organic matter (organic carbon and organic nitrogen), and of the harden- 
ing constituents, the hardness ^ing often reduced by about 60 per cent., and thia 
after the filter hiul been in constant action fur upwards of eight montbe. . . . 

‘ Under the influence of this material Thames water aseumea the character of n 
deep well water. 

The editor of this volume has had both Mr. Sphnoeb’s filter and that of Pro- 
fessor Bisouoff for more than a year m action, and nothing can be more satisfactory 
than the results, the magnetic oxide of iron removing very decidedly all trace of 
organic matter. 

The value of filtration through charcoal and through sand are shown by the ex- 
periments made by Dr. HuFMAim and Mr. Wirr, as published in the Beport on 
Metropolitan Drainage. 

The experiments on filtration through charcoal were made with peat charcoal fur- 
nished by Mr. Jaspbb Boqbbs. 

Elffeota of Charcoal Filtration afUr Two fiburs. 



Total BoUd 
OoBStltoente 
originally present 

Amount present 
ill FUtetwi 
liquid 

Amount separated 

Mineral matter . , . 

Grains per Gallon 
77-66 

Grains per Gallon 
48‘31 

Grains per Gallon 
29*26 

Organic matter . . • 

68*66 

• 12-67 

60-98 

Jftar Fow Himn» 




Mineral matter . . • 

77-66 

08*77 

18‘79 

Organic matter 

68-68 

^84*76 

28*79 


After this ^tration continued for four hours no less than 14’81 grains of snspended 
matter passed through, shosring that charcoal after only a few hours loses ita powsr 
of sepaxking the dissolved matter. 
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Sfffeeta qf Sand Filtration for Two Boar$, 



m 

Total SoUd 
OoDStitaeDtB 
originally proMnt 

Amount preaent 
In the Flltend 
Liquid 

Amount aeparated 

Mineral matter 

Organic matter 

Oralna per Gallon 

77*66 

63*66 

Grains per Gallon 
61*14 

82*11 

Grains par Gallon 
26*42 

81*44 


In the case of the filtration through charcoal, the amount of dissolved matter re- 
moved vras obvious, since the filtered liquid was perfectly clear and free front bub 
pended matter ; but in this case the whole of the suspended mutter was never removed, 
and it therefore became necessair to determine the pnvportion of suspended to dis- 
solved matter in the ^tered liquid, in order to bring out this interesting {Mint. 

Comparison of the oompositton of the sewage before and after filtration through 
»and for two hours to show the proportion of suspended and dissolved matter in tlie 
filtered liquid, in order to bring out this interesting point : — 



Oompoeition 
before mltration 

CSompoaltlon of 
FUtered Liquid 

Amount separated 

For Two Hours. 




Suspended Matter — 

Mineral «... 
Organic .... 

Grains per Gallon 
21 48 

85*42 

Grains | Gallon 
0*66 

1*62 

Groins per Gallon 
20*82 

S3 80 

Total . 

66*90 

2*28 

64*62 

Dissolved Matter—- 
Mineral .... 
Organic .... 

m 

60*48 

30 49 

6*610 

niP 

Total . 

84*26 

80*69 

— 

Total — 

Mineral .... 
Organic .... 

7767 

63‘65 

61*14 

82*12 

26 48 

31*24 


141*12 

88*26 

67*87 

For Four Hours. 



WM 

Mineral . . . ^ 

Organic .... 

77*67 

68*66 

68*29 

82*18 



141*12 

90*47 

60*66 


It is evident firom these experiments that charcoal is, at first, more active than 
sand in separating the organic and mineral matter from the water filtered through it, 
but lltot it rapidly loses this property, which, however, it acquires again upon being 
properly reburnt. It is satisfactorily made out that filter beds of sand, bein^ pro- 
perly constmoted, will remove mm. water a large portion of both the oigame and 
mineral matter, but that after a certain period they lose their power of separating 
them. This depends evidently upon the filling of the intersticial apaoes between 
the grains of sand with the oxmnie matter separated. All the evidence goes to show 
that a properly prepared flltep bed will render the Thames water an excellent drinking 
water, W that those beds, hWever carefully made, will lose their power after a time — 
thi» time hat to Iw determinsd—ojid require careful removal. 

* In fsot, some Uttls amount of the ormnlo matter whiOh had bean previotaty lemovsd from 
•olnUon waa teloaied from Its state of oomblnation with the land, probably by the mipedor attra s ttoa 
for the inspnided or mineral matter preiented to it In the latter lugee ol the eipet te ent. 





























WATERS, MINERAL 
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, (Vol. ili. p. 1098.) The followiBg anelyeei of mineml 

WAtere axe given ae examples of the extr^elj complex character of eome of the more 
fomarkable mineral spriiigs : — 

ChalylmU Bpria^* qf St, Sforit», in the Upper Enpadine, 

In 10*000 fframe of water M. Auouar HnsBXAXfif found— 


Chlorine . 

Old Wdl 
. 0*27265 

New Well 
0*21778 

Bromine . 

. 0-00417 

0-00077 

Iodine 

, 0*00011 

0-00002 

Flnorine . 

. 0*00285 

0*00787 

Bulphnrie acid . 

. 1*79796 

1*87698 

Boracic „ 

. 0*01918 

0*02774 

Nitric , II • • 

. 0*00211 

0*00458 

Phosphoric „ e. 

Silicic „ . 

. 0^0156 

0*00144 

. 0*40169 

0*53445 

Carbonic „ 

. 84*92931 

85*06061 

Potash 

. 0*07778 

0*08004 

Soda 

. 2*72441 

2*87648 

Lithia 

. 0*00299 

0*00812 

Ammonia • • • 

. 0*01088 

0*00948 

Limr 

. 4*77184 

5-06314 

Strontia . . 

. 0*00062 

0 00065 

Magnesia . 

. 0*61693 

0*68184 

Protox. manganese . 

„ iron 

. 0*02866 

0*02408 

. 0*14694 

0*17802 

Hvdro-oxide iron 

Alumina . 

. — 

0*06108 

. 0*00050 

0*00080 

Baryta, Ac. ^ 

Spedflc gravity . 

• traces 

traces 

. 1*002233 

1-002325 

Tempemture in July , 

. 5*42° 

6-28® 


Oon^sition of the Mineral Spring on the Left Bank of the Inn at Fariisp, in the 
U)wer Engadine.— (These springs originate in a calcareous clay slate rich in iron 
pyrites) 

The *Bear* Spring (Ureueguelle), 

(The carbonates calculated as monO'Carbonatee.) 

In 10«000 Oranu of Water 


Chloride of lithium . 

,, sodium . 

Bromide of „ . 

Iodide of „ . . 

Sulphate of potassium 
„ sodium . 

Borate of sodium . 

Nitrate „ . . 

Mono-carbonate of sodium 
„ „ ammonium . 

„ calcium 
„ „ magnesium . 

If If strontium 

It If iron . 

I, I, manganese . 

Bilicie acid 
Phoephoric acid 
Alumina .... 
Boriumi &o.| and organic matter 


Total solid constituents 


0*0024 grams 
28’8784 If 
0*1965 If 

0*0082 If 

2*7717 ,1 

16-7109 If 
2*4107 I, 
0*0088 „ 

. 28*9094 „ 

. 0*8692 „ 

. 16*8025 ,1 

. 5*7826 If 
. 0*0080 „ 

. 0*1268 If 

. 0*0019 I, 

. 0*1025 If 

. 0*0086 I. 

. ^0*0025 
. traces 

. 08*1460 


* The New Bath Spring (Badeguelle) contains only 80*7998 solid eonstitnents. 

A Spring iinnguelle) only 28*0099 solid coMtituents.*— A to. HusmuKiri 

Canada.— At Goderich, Fhris, St. Catherine’s, Pakenham, Caledonia Springs and 
other places in Ontario, Canada, mineral waters are obtained, ^ ’ 

The following analyees of these different waters ware made mu^ yean ago 1^ 
Br, T. S. nuMT ^ 
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WATUUPXOOrZWO. A method of waterproofing fabrics by means of a bath 
of paraffin was patented in this country by M. C. Clamond, of Paris (December 2, 
1675). It is said to yield good results. 

M. Clamond has invent^ special apparatus for carrying out the process, which is 
thus described : The fabric passes from the roller containiq^ it through a bath of dis- 
solved paraffin, and at its exit is pressed between two rolld.s, which remove excess of 
liquid. It then enters a chamber heated by coils of steam pipes, and passes up and 
down over a series of rollers until it reaches the exit, where it is received in any suit- 
able manner. Attached to this chamber is another, containing a series of vertical 
pipes or diaphragms, between which cold water is kept continually circulating. As 
the cloth passes over the series of rollers in the first chamber the naphtha, bisulphide 
of carbon, or other solvent of the paraffin, is driven off by the heat of the steam coils ; 
and the vapours pass from the first chamber into the second, where the^ are condensed 
by coming into contact with the cool surfiices of the water coils nr diaphragms, and 
fall down into a receiver at the bottom, whence thev are removed for use again. Such 
portions, however, as are not condensed re-enter the first or evaporating chamber again, 
and pass tlirough the same round until they are condensed. By this means there is 
practically but little loss of the volatile ingredient of the waterproofing solution. See 
Caoutchouc, vol. i. p. 188. 

M. Dujardim gives the following : —About 1 lb. Troy of potash, alum, and sugar of 
lead, are triturated in a mortar until the mass becomes s^py, and then about 14 
Troy ozs. of finely-powdered mixture of bicarbonate of potash and sulphate of soda in 
equal parts should be added. To this mixture there should now be ^ven about 1 1 
gallons of rain water, and when complete solution is effected the same is to be poured 
into a vessel containing an oleine soap in solution in an equal quantity of water. This 
mixture is to be stirred for about twenty minutes, or until complete mixture has oc- 
curred. To waterproof a fabric it is necessary only to immerse it in this solution with 
the hand or by mechanical meins, and to retain it there until by pressure or other- 
wise the fluid has penetrated to every portion of it The fabric is then removed and, 
after allowing the surolus fluid it retains to drop off, hung up to dry. Afterwards it 
is thoroughly washed in odd water, and again dned. Goods treated in this way, it is 
affirmed, are waterproof, but still permit free transmission of air ; the edours of the 
goods being in no wise affected. 

This is given on the high authority of M. Du/abdin, but we are disposed to doubt 
if a dear solution can be obtained. A more common method of watei^xrc^ng is to 
use separate aolutions of acetate of lead and alum, so that by the deoomMsition which 
♦jiVmi place in the fiibrio both alumina and oxide of lead an precipitated within it. 

WA^WUUTB. This mineral has been found in this country near Barnstaple, 
and at Stennagwyn, near St. Austell ; at pionmel, near Cork, in Ireland, and in tome 
islands on the ooaet of Sootland. Ite eompoeition is— 


Phosphoric acid 88*40 

Alumina . ‘ • 86*85 

Peroxide of iron 1*26 

Lime • , • • ■ • • • • 0*60 

Hydrofluoric add 2'00 

Water *%fl0 

Bee HurwooniTa. 
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WAX. (Vol. iii. p. 1110.) Our importatiouB in 187A and 1870 were 
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1875 

187S 

From Portugal .... 

,, Morocco .... 

„ China .... 

,, Japan .... 

„ United Statios of America . 

„ British West Africa . 

„ Australia .... 

„ British West Indies . 

„ other Countries . * . 

Owt. 
1,609 
1,621 
2.076 
8,724 
3,182 
1,764 
708 
1,216 
3,761 * 

Value 

£10,685 

0,842 

7.781 

20,212 

23.697 

11,400 

6,071 

8,061 

20,897 

Cwt. 

6,658 

1,886 

3,070 

12,326 

3,.629 

1,146 

691 

1,200 

3,908 

Value 

£38,716 

0,227 

6,686 

24,650 

23,916 

8,444 

4.138 

0,646 

26,266 

26.551 

£118.519 

33.896 

£146,677 


WXATBBX OBAXTS. The Director of the Meteorologieal Office, A. U. Scott, 
F.R.S., conimniiioited to the Society of Arte an account of the coniitruction of the 
wontlicr charts which appear daily in the newspapers. From that comm unic.i lion, 
printed in the Journal of the Society of Arts, we collect the following: — 

1'he production of the chart is a pretty simple matter. The observations at about 
fifty stiitiotis in these islands nnd on the ('ontiiient are taken at about 8 am., and 
telegraphed in cypher to Loudon, whore they arrive, when all goes well, before 10 
o'clock As fast as they come in the figiiros ur<> put down in their proper places on a 
I.irue chart, nnd as soon as this cliart is finistied, so as to aftbrd a reasoualtfy complete 
view of the general state of meteorological affairs for the day, the'chart for Uie news- 
jHipen^ IS commenced. The spac4* which can bo allotted to the chart in the columns 
of the Ttnu's is but small, and so it is necessary to condense into it as much informa- 
tion as possible without sacrificing clearness. Onco the chart is drawn, it is sent to 
the Patent Type Fousdino Company’s works in Red Lion Square ^soo p. 684 of 
this volume), and there copied rneclianieally, at a roduceil scale, on a slab of a special 
composition, which has been formed in a mould bearing in bold relief the outline of 
the land on tlie map. This outline, of course, conies out in the imiiression as a deep 
groove. The engraving is done by a drill, the depth of the cut being regulated by 
the workman. The only speciality about this part of the process is that compo- 
sition cuts quite true, without risk of cbipjiing. The curves are copied din^ct fWim 
the chart, ^hile the words and letters are put on by means of templates, so as to 
insure uniformity in the type. 

The instant the engraving is completed the slab is ready to furnish a cast, which 
is, in the first instance, taken in rather fusible metal, to save time in cooling. This 
first block being obtained, the ordinary process of taking an impression from it in 
paper ensues, and this being effected, it il a simple matter to produce from this 
impression any numlier of stereotype blocks type high, which are then sent to the 
newspaper office, set up with the type, and worked off in the usual way, just like a 
pars^ph of letterpress. 

The next point then is what this ckiirt shows us. In the first instance we see the 
dotted lines: these are what are called * isobars,’ from two Greek wo:^8 meaning 
* equal pressure.’ These lines are obtained by drawing lines on the chart to join 
together the places where the barometrical re^ings are the same, and they are the 
most important lines we can give on a weather chart, to show us, when their indica- 
tions are read aright, what the winde and weather are likely to be. The other entries 
on the chart are the temperature at certain prominent stations; the state of the 
weather and the lea dieturbonoe, which are given in words, the latter being alwava in 
capital letters ; and, though last not least, the wind, which is shown by arrows fiying 
with itf not against it, like the vane of a weatherooeV. The force of the wind is shown 

by five grades, which are ae follows ; — O calm, y ^ht, - > fresh to strong, 

ft ft a galq, — ft a violent gale. The final result is the chart published, and it 

ean be pi^uced in about an hour after the completion of the original chart in the 
office. 

With regard to the actual interpretation of the chart, the Director preenppoees 
in his readers some knowledge of the elements of meteoxolo^, else it would be 
hopdesB within the limits at his disposal, to render his rema»s intelli^ble. The 
most importantprinciple, of which sight must never be lost, is that of the remtioo of the 
wind, b<Ah in ffirection and force, to the distribution of barometrical prMSUie. Wind 
VoJm IV. a P 
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is produced by difibrenoes of pressure, for the air naturally flows from a place where 
presBun is in excess to one where it is in defe#, and this motion of the air is wind. 
The wind moves not in straight lines, but in great curves or sweeps, and its motion is 
ruled by the distribution of pressure, as we shall soon see. A glance at almost any 
of these charts will show that^ even on the calmest day, there are appreciable diflTerences 
between the barometrical readings taken at the same time over we United Kingdom. 
Meteorology is not at present able to explain what the cause of such differences of 

S ressure are — if it were we should have made many steps towards the accurate pre- 
iction of weather —and we must for the present t^e these areas of high and low 
pressure respectively as existing, but we may assert that on the mutual action of 
these areas on each other all our weather, with its manifold and perplexing changes, 
depends. The areas are called cyclonic and anticyclonic, from the Greek word k6k\os, 
a circle ; Piodimgton, the author of the Seaman's Handbook of the Law of StorrM, 
having been the first to propose the generic name of ‘ cyclones ’ for the typhoons of 
the Extern Seas and the hurricanes of the Atlantic, which* are each connected with 
an area of verv low pressur^ («.«., an area where the barometer has fallen very rapidly), 
round which tne wind sweeps with terrific velocity. Practically, at present, any region 
of relatively low pressure is called cyclonic, and any region of relatively hi^b pressure, 
anticyclonic. If at any place, or over any district, the barometrical reading is lower 
than at the places all round it, that place or district is the centre of a cyclonic area ; 
if, on the contrazy. the reading at the place or district is higher than at places all 
round it, that place or district is the centre of an anticyclonic area. 

A chart like those now under consideration is nirely sufficient to show the full 
extent of an area of either class, but we can gather from the general course of the 
isobars, and the directions of tlio several winds which are shown on it, where the 
respective areas lie. These areas or regions, as they are also cal^^d, are shown on a 
chart by the course of the isobars which enclose them. On such a chart there are 
several isobars corresponding to the various gradations of barometrical pressure. 

A stereotyped chart can be delivered to a London nowspiiper within abont fnnr or 
five hours after the observations have been taken all round our coast, but the more 
cost of telegraphy for a single set of, say, twenty *flve reports is H 6s a day, or abont 
4002. a year (including Sundays), and the expense of a night service of reports from 
such statiouB as are open at a late hour, with the extra attendance at the London 
office entailed thereby, could not be less than 1,0002. a year. Bad the Meteorological 
Office that sum at its disposal for the purpose, the work could l>e done, but it is hardly 
reasonable to ask the Government to pay such an amount for the ostensible purpose 
of furnishing recent weather information for the public press. 

It is a V017 favourite matter with the critics o1 European meteorological work to 
contrast the weather charts, published thrice a day at Washington, with those that 
are issued only once a day here. In such strictures the circumstance is always ignored 
that the cost of weather telegraphy in the United States is 60,0002. a year, exclusive 
of all salaries, while our own Meteorological Office can only devote to the same object 
an annual sum of less than 3,0002. 

In conclusion, the Director makes a short digression with reference to the principles 
on which storm warnings are issued. 

As soon as the tolographic reports indicate that a disturbance of the atmosphere, 
probably accompHiiicd by a gale, has either reached us or is near our shores, warning 
telegrams are issued to such parts ai our coasts as are apparently threatened. The 
principles which wo have to guide to in forming a judgment on these points cannot 
TO stated briefly, but they are, in vei^ general terms, as follows : — 

The approach of a cvdonic disturbance is shown by the fall of the barometer and 
the changes of the winds at the different stations, in accordance with Burs Bali^ot's 
L aw. Corroborative evidence is afforded by the variations of temperature and of 
weather, by the roughness of the sea, by the appearance of haloes, auroras, &c. The 
coasts threatened in the first instance are usually those where these symptoms first 
f^pear. The probable subsequent path of the storm, if storm there be, is shown by 
^e general distribution of baron^etrical pressure, as already explained, and by the 
behaviour of the barometers at our different stations as the time wiMurs on. 

The degree of success which has attended our warnings in these islands, on the 
average of the last two years, has been that over 46 per cent, have been followed by 
severe gales, and over 88 per cent in additiun have been followed by wind too strong 
for fishing Ixiata or yachts, thovygh in themselves not severe gales ; this gives a total 
percentage of success of nearly TO. 

It cannot^ however, be too emphatically stated that the meteorologists who have 
had most experieoos in dealing with meteorological telegraphy in Western Eurups 
are most decided in their oppowtion to any ides of their being able to fpretdl weather 
with certsinty in the present condition of our knowledge. 
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WBZOBTB. (Wkiohts Amt MnAtvRni, Tol. iii. p. 1110.^ A queition has been 
raised as to tlio variability of platiDum^eights in process of time. The Warden of tlio 
Standards shows, in his recent report, that the weight of the English platinum kilo- 
gram of the Sundards Department was found in 1875 to be practically unchanged 
lilnce it was weighed — with the greatest care and nucuracy— in 1845, and that its utmost 
possible loss of weight in that period could not have exceeded tliree parts out of 
10,000,000. But tiiuugh the platinum standard weights have thus been found nn- 
altered by atmospheric induences, the slight changes observed in a few exceptional 
cases being attributable to improper preparation of the metal, yet pure platinum is 
too soft a material to stand the friction of much use without losing some of its weight. 
This defect, it is found, may be roniediod by combining with the platinum about 10 
per cent, of iridium. An alloyed metal is thus produced as hard as steel, such as has 
been adopt^ for the now international standard kilogram by the Metric Commission . 
at Paris. ^ 

WS&BZWO OOFFni. The great obstacle to effecting a weld between two 
pieces of copper has been the formation of oxide of copper on the surface. Mr. Rust, 
in a communication to the Kngltfth Mechanic^ states that he has thoroughly succeeded, 
and that, ns long since as 1854, he welded strips of copper plate together and drew 
them into a rod ; that he also made a chain, the links of which were of pretty thick 

10 ami welded. 

In describing his process ho says: — Now, if any fnsiblo compound of the oxide of 
cojiper could bo found, it woiiM render such a weld possible. Wo find in mineralogy 
two copper salts of phosphoric acid, viz. — libethenito and pseudo-malachite— each of 
which molts readily before the blowpipe. It was therefore natural to suppose that a 
salt which contained free phosphoric otud, or which would yield the same at n red 
heat, would make the weld easy by removing the oxide as a fusible slag. 

The first trial was made with mierocosmic salt (phosphate of soda and ammonia), 
and succeeded perfectly. As this salt was dear, it was found f^visable to use a 
mixture of one part phosphate of soda and two parts boracic ocia, which answered 
the same purpose as the original compound, with the exception that the slag formed 
was riot quite as fusible us before. 

This Wielding powder should bo strewn on the surface of the copper at a red heat ; 
the pieces should then be heated up to a fnll cherry red or yellow Wt, and brought 
immediately under the hammer, when they may be as readily welded as iron itself. 
For instance, it is possible to weld together a small rod of copper which has been 
broken , the ends should be lievelled, laid on one another, seized by a pair of tongs, 
and placed together with the latter in the fire and heated ; the welding powder should 
tlicn bo strewn on the ends, which, after a further heating, may be welded so soundly 
as to bend and stretch as if they had never been broken. 

It is necessary to carefully observe two things in the course of the operation : Ist. 
The greatest care must be taken that no charcoal or othiT solid carbon comes into 
contai-t with the points to be welded, as otheiwise phosphide of copper would be 
formed, which would cover the surface of the copper and effectually prevent a weld. 
In this case it is only by careful treatment in qp oxidising fire and plentiful applicatiim 
of the welding powder that the copper can again be welded. It is, therefore, advisable 
to heat the copper in flame, os, for instance, in a gas flame. 2nd. As copper is a muck 
softer metal than iron, it is much softer at the required heat than the latter at its 
welding heat, and the parts welded cannot offer qgiy great resistance to the blows of 
the hammer. They must, therefore, be eo shaped as to be enabled to resist such blows, 
and it is also well to use a wooden hammer, which does not exercise so great a force on 
account of its lightness as does a steel one. 

WBIWKT. * The accepted definition of whisky is spirit distilled from a mixture 
of min and malt, or malt alone. The so-called “Dublin whisky** has no exolusiva 
right to the appellation. It is asserted that patent still spirit is called “ silent,** 
“presumably becaose it tells no tales with regard to the materials ffxnn whi<^ it is 
derived, and that spoilt barley and a variety of refiise of other kinds find their way 
into the patent still.** Such an affirmation the Blotch distillers altogether deny. 
They say it is well known that there is great variety in the quality of patent still as 
well as in pot still roirits. Nothing but perfect ^rain, and care and skill in the 
mannfisetnre, egn produce even a partially silent spirit ; and if heated or inferior grain 
is used, the spirit is at once condemned, and can only be sold for met^lation. The 
real explanatmn of the term “ silent ** as applied to sj^t made by the doFFer still if» 
that such spirit has less flavour than pot still whisky, and on that account it is well 
atoted for mixing with other spirits. It is insinnatad that in mixing spirits of 
difierent brands the dealers add dnm to give an artificial pungency upon the 
The blending ig bond is effected unm the inspection of GoTemment officers, and by 
law DO drugs can be added. There being a great difference in price between pot ft lfl 
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ftnd patent still spirits, the Scotch distillers think it is not surprising that dealers 
should buy a large portion of the latter, mor# especially as they know it is as pure 
and wholesome as anjr whisky that can be produced in Dublin or elsewhere. Blend- 
ing is a matter of skill and experience. Each dealer has his own blend, as many 
believe that whisky of different brands, when mixed, is softer and more palatable 
than the whisky of any one distilleiy. Patent still whisky is, to a large extent, kept 
for years in bond in sherry casks, both in Scotland and Ireland, in the same way as 
Dublin whisky, and, when matured with age, is an extremely fine and palatable 
beverage, by many preferred to pot still whisky. It is this old spirit which is often 
nsed in blending. Oovernmont interference is not required for the protection of the 
consumer, who can always be sure of getting the spirit of any particulsr distiller if he 
desires it, for each distiller has his own bmnd and trade mark, and the presence of 
the word ** blended " on the head of every cask containing blended spirit, as well as 
the permit, pro.'laim whether the spirit he buys is unmixod or blended. The only 
possible justification for tbp Government interference woulcf be that without it injury 
to the public health must itrise. But such a plea could not bo for one moment urgea, 
for, although statements as to the alleged deleterious character of Scotch spirit have 
been industriously spread, they are not only without foundation, but the opposite of 
the truth.’ 

Messrs. John Haig and Co., of tho Cameron Bridge Distillery, Fifeshire, remark 
on the above : — 

* The article, in defining the difference between Si'otch and Irish whisky, says : 
" Genuine or original Scotch whisky differs from Irish in being distilled from a barley 
mash only, without malt; and in Ireland a certain quantity of whisky has been dis- 
tilled from a malt mash alone.” Every pnietieal distiller knows that no grain mash, 
whether made from barley, wheat, or Indian corn, can bo workA without a large per- 
centage of malt. But, independent of this, genuine or original Scotch wliisky ” 
(such as Glenlivat, Islay, or Canipbeltun) is mode from nothing but pure malt, and 
we know for certain that “ genuine” Dublin whisky is almost never modo from malt 
alone, but fW>m 26 to 40 per cent, of malt, and tlio rest barley, or wheat and outs. 
As to the process of manufacture, what is there to prevent whisky made from similMi' 
materials, in stills of identical shape and ounstruction, but situated in Scotland, being 
equal to and identical with Dublin whisky ? We ei^uged an experienced distiller, 
fur many years manager of one of the best Irish distiTleries, to touch us the Irish 
method of manufacture. We work good barley, similar to what we see bought every 
week ill our Scutch corn markets to be shipped to the Dublin distillers, and wn main- 
tain that our results are identical in quality and manufacture with Dublin whisky. 
The difference is in the price. The Dublin men have had a monopoly of late years, 
and have worked it well. In Scotland we must be content with smaller profils, and 
we can afford to sell our whisky for something less than 6s. per gallon. OuV process 
of manufacture is open to every genuine inquirer. We have nothing to do with 
“ prune wine,” “ essence of sherry,” or ” Hamburg sherry.” We call our whisky 
simply ” old still,” or ** pot still” whisky, which it undoubtedly is ’ 

WBOftTXiBSBBBlH. U4ied to adulterate wines. See Winks, Adulteration or. 

wnra. (Vol. iii. p. 1166; Champagne Wines, &;c., p. 1143.)— The following 
remarks on Sparkhng Hock are from the pen of a well-known writer, and are borrowed 
from the Pall Mall Qazette. They supplement what has already been stated respect- 
ing effervescing wines : — ^ 

* For some years the great anxiety of the manufacturers of sparkling hocks was to 
render their winee ae much as possible like champagne, which was only to be accom- 
plished by dis^ising their true fiavour and dosing them largely with syrup. In this 
form they satisfied, and indeed still satisfy, their Herman and Eussian consumers, 
but of late years the character of the wines for the English market has undergone a 
Complete clianM. England has set the example of a decided preference for the drier 
kinds of sparkling wines. And in this we have shown our wisdom, inasmuch as low- 
class wines devoid of flavour, or poBsessing a flavour that is objectionable, can have 
these drawbacks disguised by a lilyiral dose of tymp. In dry sparkling wines, on the 
oontraty, the actual flavour of the original wine— the vm oout-^ia preserved, which 
mecessitates wines of a comparatively high class being employed in their manufacture. 
The principal difference between ehamue^es asid sparkuDg hooks designed for the 
English market consists in the former being mode almost exclusively from red grapes, 
pressed immediately they are gj^thered, and not allowed to ferment in their snns, 
wtdle the latter are made from white grapes alone. The finest champagim some from 
the pimeau neir, or black Buigundj grape, while the best sparkling ho^ are made 
from the Itiesling, and the commoner kinds chiefly from the Elebroth variety, the 
latter being a vM grape. Efibmscing Rhine wines of the bighseA class have a 
marked am refined flavour, together with a very decided bouquet. Moreover, they 
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main Iheir effervescent properties fota eotisidemble time after beinff uncorked, and 
appear to the taste quite as light, ii not precisely as delicate, as tlie higher class 
champagnes, although in realitv sn<^ is not the ease, for all sparkling ho(^ possess 
greater body than even the heaviest champagnes, and, therefore, cannot be drunk 
vrith equal needom. The pr^ss pursued in the manufacture of sparkling hocks is, 
-with a single variation, precisely^ the same as that followed with rorara to cham- 
pagnes, the difference being that in the case of hocks the raw wine, after the fining 
which takes pl^e following its first fermentation, has a small quantity of sugar added 
to it previously to being put into bottle. After it is bottled the wine remains in a 
cool cellar for eighteen months or a couple of years, being constantly moved during 
this period, in the same way as champagne is, to force the sediment which it forms to 
deposit itself near to the cork. By this time the added as well as the natural sugar 
contained in the wine has become converted into alcohol and carbonic acid ; and after 


the sediment has been eupellod from the bottle the operation of dosing, or flavouring, 
the wine takes place. According as this is required to be sweet or dry, a larger or 
smaller quantity of liqueur is added to it ; and, with regard to sparkling hocks 
destined to the English market, the dose is generally of a minimum description. 
Indeed, the finest qualities from such houses as MbLUsn, of Eltrille, and Ewald, of 
Budesheim, which are to be obtained in England much cheaper than second-class 
champagnes, are even drier, and consequently more natural, wines than most of the 
champagnes we are acquainted with. iToreignerB cannot understand our preference 
for dry, sparkling wines. They do not consider that as a rule we drink them during 
dinner with the plata, and not at dessert, ns they almost invariably do, with all kinds 
of sweets, fruits, and ices. {Sparkling hocks for the homo and Bussiau markets are 
frequently almost cloving in their sweetness The sparkling Moselles, too, for Bnssia 
are largely dosed with the preparation of elder flowers, which imparts to them their 
well-known muscatel flavour and perfume. The mauu&cturors say they are doing 
tlieir best to abandon this absurd practice of artificially perfuming.sparkling Moselles; 
but many of their customers, and eepecially those in tiie English provinces, stipulate 
for the scented varieties, possibly from an erroneous belief in thoir superiority. Great 
impetus was given to the manufacture of German sparkling wines during the recent 
war, when the champagne was in a measure closed to the outside world. At this 
epoch the less scrupulous manufacturers, instigated by dishonest speculators, 'teldly 
forged both the brands on the corks and the labels on the bottles of the great Bheims 
and E^iernay firms, and sent forth sparkling wines of their own production to tlie 
four quarters of the globe as veritable champagnes of the highest class. The respect- 
able firms acted more honestlv, and, as it turn^ ont, with better policy, for by main- 
taining their own labels and brands they extended the market for Uieir jwodnee, 
causing Gorman sparkling wines to be int^uced under their true names into places 
where they had never penetrated before. The result was a considerable increase in 
the annual demand, oven after the stores of Clicquot, Bobdxrbb, Most, and Mumms 
wero again open to all the world. Owing to this increased demand, and the deficient 
supply of Rhine winos at moderate price, tiie manufacturers of sparkling hocks are 
reduced to follow the example of the champagne firms, and buy much of their raw 
wine at a distance; and this year they have h^ to pay double the price of six years 
ago for suitable wines of the Palatinate. Among the principal manufoctarers of 
sparkling hocks are included the two firms already mentioned— Mathbus MbixBB, of 
Eltville, and Ewald and Co., of Budesheim— tog^er with the Hochiiihbb Assooiatiok, 
at Hochheim, and the Bhbinqaubr Aimociatiom, at Schierstein. These four firms 
produce annually about a million and a half of bottles between them, or nearly double 
their production of eight or ten years ago. Kboth, of Coblenz, and Lautbbbn and Sow, 
of Mayence, are also manufacturers on an extensive scale, as well as of considerable 
repute. So widespread now is the manufacture of German sparkling wines — so-called 
homes and Moselles — that it forms an important branch of industry not merely in the 
Bhelngau and at Coblenz and Mavence, but also at Trtves, where sparkling Moselles 
are extensively made ; in the Nahe valley, at Wurzburg in Bavaria, where the best 
vinevards are owned by the king ; and by fsa th^best sparkling wine is made at the 
royal factory, at ^slingen in Wiirtsmberg, at Berbheim in Als^, and at Oriineb^ 
in ProBsian Silesia. Next to the home the principal market for sparkling ho^ is 
Great Britain. Afterwards come the North of Europe, the United States, Australia, 
China, and Japan. The cheapness of these wines no donbt tells largely in their 
favour, as the commoner kinds can be purchased low as 2s. per bottle, while thn 
higher qualities avera^ no more than 4s., excepting in the single instance of aporkling 
Jo Mnnisbe iger, not scMan Johannisbeiger, which is priced at 6s. fid. the bottle.' ~ 
Wf II BSi AimXTMfcATXOy oVa Dr. Thudighux, M.D,, has given in the 
Timst the following valuable remarks on the adnlteration of sherry:— 

* Sherry — that is to say, the wine grown and made at Jerez for consumption in 
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England — is the product of two varieties of vines mainly, the i^omino and msntuo 
Castellano. Each quantity of collected grapdl, sufficient to yield a butt of must, 
previously to being trodden and pressed, is invariably dusted over with from 80 lb. to 
40 lb. of burnt p^ter of Paris (sulphate of lime). The effect of this practice, of 
which my inquiries among sheny mnhers have not taught me the object, is to precipi- 
tate all tartaric and malic acid of the must and substitute in their place sulphuric 
acid. The must, therefore, as it runs from the press, contains no bitartrate of potash, 
or so-called tartar, but sulphate of potash instead. In consequence all sherry contains 
nearly the whole of the potash of the must as sulphate, amounting to from 1^ kilo- 
gram (about 8 lb.) to 7 kilograms (about 14 lb.) per butt of 484 litres, or 108 gallons. 

' The common varietios of must aie not only plastered, but also impreguuted with 
the fhmes bv combustion of about five ounces of suiphur per butt, whioh adds about a 
pound of sulphuric acid to that brought in by the plaster. The plastered must, as it 
runs from the press, contains its fruit, sugar, tannin, and ot^er ingredients in a per- 
fectly developed condition, |ind the statement of one of your correspondents that they 
were in an undeveloped state is scarcely intelligible. Quantitative determinations 
made upon many and different specimens of must at Jerez show that its specific gravity 
varies between 9° and 14° of Bavmb's areometer, indicating from 14 6 to 24 per cent, 
of sugar, and that, therefore, it can by fermentation only form from 14 to 23 per cent, 
of proof spirit. 

* The must ferments in the sheds called bodegss, there being no cellars properly so- 
called at Jerez. In a fortnight the sugar has all fermented away, and the must is 
transformed into wine. This is allowed to deposit its lees during some months, and 
Is racked in the following February or March. On this occasion some brandy is 
added to the wine, by which its alcoholicity rises to about 29 poj^cent. of proof spirit. 
In spring and early summer the wine (still termed mosto,” l>ud so to the time of 
the next harvest), undergoes what is termed its first evolution, and after that is ready 
for further preparation. 

* This consists in the addition of various ingredients which impart colour, sweetness, 
spirit, and fiavour. Colour is imparted by the addition of caramel, produced by the 
boiling down in coppers of previously plastered grape juice ; the brown syrup is dis- 
solved in wiue and spirit, so as to form a deep brown liquid, containing from 85 to 50 
per cent, of proof spirit, termed “color,” or “vino de color.” Frequently caramel 
made from cane-sugar is used instead of that made from grapes. Some colour is 
made with the juic of rotten or otherwise inferior grapes. Sweetness is imparted by 
the addition of “ dulce,” — that is, must, frequently made from grapes dried for some 
days in the sun, to which one-sixth of its volume o* <i 9 irit, of the strength of 40° by 
Cabtibh’s alcoholometer, has been added (a process jy which all fermentation becomes 
impossible). Every hundred litres of dulce contains, Jierefore, 19 litres of absolute 
alcohol, equal to 33*78 per cent, of proof spirit. Flavour is imparted by the addition 
of some old selected wine, which is kept in so-called “ soleras.” Ultimately brandy 
is added to the mixture to the extent of fortifying it up to 35 as the minimum, most 
frequently up to 40 or 42, and sometimes, as your Custom-house correspondent proved, 
up to 50 per cent, of proof spirit. 

‘ In a butt of ordinary sherrv (40 jars) there is mostly one-fifth of its volume of dulce 
(right jars); consequently, about one-sixth of unfermented grape-juice, and which 
remains unfermented. This is, therefore, opposed to Uie statement of one of your 
correspondents that it would be igjgiosBible to find a single drop of unfermented 
rape-juice in sherry. The better sherries are made loss sweet, and only the few 
finest varioties are left unsweetened. The “ dulce ” is never plastered, and, therefore, 
its addition depresses a little the large quantity of sulphate of potash introduced by 
the “color.” 

* Now it must be observed that whnt has been described is the process of making 
“ shdrry,” and not a process of adulterating it. It may be a question whether this 
process leaves much room for adulteration, or whether it is not itself adulteration ; in 
other words, whether all sherry whatsoever is or is not adulterated. To help your 
readers towards a solution, I remind them that medical authorities have long since 
pronounced the brandied and plastered sherries to be unwholesome. But the vendon 
of such sherries are not trouoled by the administrators of the Acts of Parliament 
relating to adulteration. On the other hand, bakers who mix a little alum with 
their flour or dough, which in the bread reappears as sulphate of potash (the same as 
vn sherry) and phosphate of alunina (perfectly innocuous), are prosecuted, fined, and 
denounced, though their additions considered as per cent, of bread are incomparably 
smaller than .the additions made to sherries considered as per cent, of wine. 

< Sherries contain ftom to 8 grams of sulphuric acid as potash salt per litare, and 
the more the older and better they are ; most “ soleras” are near the iNghest fi^te. 
Now if alumed bread ia unwholesome, plastered sherry must be unwholesome also, 
and IB more so.* 
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Jlthma Sotsa or HoUvhook is much used for «dn1 tenting wines. This oolouriqg 
matter imparts a peottliar flaTour t#the wine, which in a few months becomes very 
disagneable, while the oolonring matter itself is rapidly precipitated. 

drehiL — If archil be present the ethereal solution is rM. 

A skein of white silk is dyed rose red by soaking in a wine adulterated with archil, 
tad its robur passes to y^ow in treatment with hydrochloric acid, but to a bright 
rose iif the wine is pure. 

Arshil residues, snlpho-pui^ric acid, and sulpho-alisaric acid and their salts, are 
sometimes employed in colouring wine. 

Beetroot is generally employ^ to disguise other adultentione. If to the clarified 
wine (eog-albumin) bicarbonate of soda is added, yellowish colours are produced, 
especially if the beetroot is fresh. Baryta is very sensitive for detecting beetroot with 
old decoctions. 

Blaok Elder and Dw(^ Elder,— Tho dwarf elder communicates a faintly terebin- 
thinous odour. The mrries of both varieties are particularly used to impart a 
special colour and flavour to port wine. The Teinte de Fumee is much used. Bee 
Tsintb db Fisuna. 

M. MauMBhi^ reports having discovered aa much aa from 4 to 7 grains of alum per 
litre in wines adulterated with this compound Sometimes the alum is replaced by 
tartaric acid. If the suspected wine is clarified with egg>albumen and alum be 
added, and then a aolutiuu of carbonate of soda, a violet-blue-lake is obtained. A 
piece of flannel, or a skein of silk mordanted with acetate of alumina, heated for some 
time in the suspected wine, then washed and immersed in water made faintly alkaline 
with ammonia, becomes green if the wine is pure, but dark brown if bla^ elder is 
present, and pmliably a similar reaction occurs with dwarf elder. 

Brazil Wood, to detect. — To about oue-tenth of the volume of the wine suspected, 
egg^albumin diluted with lA times its bulk of water should be added and well 
shaken. This will not wholly decolorise the adulterated wine. It becomes yellow- 
buff, and on exposure to air it gradually acquires a new red. 

If a wine which has been ^ulterated with Brasil wood is clarified as above, and 
then a skein of scoured silk waslied with dilute tartaric acid is soaked in it for 24 
hours and then withdrawn, washed and dried at 60 70° 0., the silk will bo found to 
be dyed lilac-maroon or red. The skein remains wine-coloured or lilac in pure wine. 
If the dyed silk be now dipp^ in dilute ammonia and then heated to 100° for a 
moment, it becomes, if the wine has been adulterated with Brasil wood, a lilac-red. 
If the wine is pure the change would be to a deep grey, with scarcely a tinge of the 
original colour. If the ammonia be replaced by lime-water, the skein changes to ash- 

f rey if Brazil wood was present, but to a dark, diity yellowish-red if the wine is pure. 

inally, if the dyed skein be dipped in acetate of alumina and then bo heat^ to 
100° C., it retains its wine-red lilac colour. This reaction distinguishes Brazil wood 
from lo^ood. 

Cochineal. — ^The suspected wine should be clarified as for Brazil wood— with egg- 
albumin. Then a skein of scoured silk mordanted with the acetate of alumina should 
be soaked in the wine for 20 hours. It is dyed of a wine-violet colour analogous to 
that of a pure wine on being dried at 100°'t). 

The colour does not. change at this temperature when treated with acetate of 
copper, but if the skein bo dipped into a dilute solution of chloriile of zinc, heated to 
100° C., and then wetted with carbonate of ^a, washed with water and dried, the 
silk becomes of a fine purple colour, whereas with pure wine the tint remains of a 
Bombre grey-lila«o. 

The spectroscope will detect cochineal if present in large quantities, but if it 
amounts to only 12 per cent, of the total <»>loration this instrument will not detect it. 

* FucheifUL — ^The following processes for detecting this colouring matter are given by 
H. £. jAOQUBKUf (Bull. She. CMm. [2], zxvi. p. 68) 

let. By the direct Dyeiny of Gan Cotton. — A wad of gun cotton is heated for a few 
momenta in about 20 o.c. of the wine, then withdrawn and washed with water. Fuch- 
sine and archil (which is sometimes used to irngease the colour of wines) both dye it, 
whereas the natural colour of the wine does not. These two may be distinguished 
by moistening the dyed cotton with ammonia, which changes the archil to violet and 
bleaches (though slowly) the fuchsine. Gun ootton which is andeigoing change ia 
more efficacious than that which is pure and new. 

2nd. By the direct Dyeing of wW.— Wool scarcely affected by the natnxal 
colouring matter of wine, but is dyed by fuchsine and archu. AWt 100 e.e. of wine 
are evaporated till the alcohol is removed. A piece of eolourless embroidering wool 
(Berlin wool) is then immersed in it, and the evaporation continued till the bulk ii 
reduced onwbalf, when the wool is withdrawn ana thoroughly washed. The tints fsi 
fuchsine and archil are slightly modified by the natural colouring matter of the win% 
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but on treatment with ammonia the laat mentioned changea to brown, whilat tho 
fnchaine ia rapidlj disaolved, and the colourlAa ammonia aolution becomea red on 
acidification. The archil becomea violet, and imparta that colour to the ammonia in 
which it is dipped. 

3rd. By Dyeing Wool with Ammomacal Fuchaine. — The alcohol ia eva^rated from 
100 or 200 c.c. of the wine, the remainder made alkaline with ammonia and then 
shaken with ether. The colourless ethereal solution is evaporated on a piece of white 
wool, which becomes djed as the evaporation proceeds. The destruction of this 
colour by ammonia and its reproduction by acetic acid leave no doubt as to the nature 
of the colouring matter. 

Place a few grams of the wine in a phial and add ammonia. Into the mixture 
dip a piece of white Berlin wool, and when it is well soaked withdraw it, and allow 
a drop of vinegar or acetic acid to run down it. The wool becomes quite white if the 
wine IS pure, but is tinted red if fuchsine is present, the dfpth of the colour being 
proportional to the (juantit^ of colouring matter used.— C. ^dsbon, * Detection ana 
Estimation of Fuchsine and Arsenic in Wines which have been artificitdly coloured 
witli Fuchsine,’ Compt^a Itendus, Ixxxiii. p. 190. 

Another tost is to mix 100 grams of the 6U*^pocted wine with Ifi grams of coarsely- 
powdered dioxide of manganese, shaking for a quarter of an hour, and filtering through 
a double filter paper. If the wine is pure it passes through colourless , if adulterated, 
some artificial colouring matter has been used. — 'Detection of Artificial Colouring 
Matter in Wines,’ by L. Lamattina, Compfea Bendua, Ixxxiii. 

Indigo. — Wool or silk mordanted with acetate of alumina, heated with 20 to 40 c.c. 
of the suspected wine nearly to dryness, washed and then dipped into a very dilute 
solution of ammonia, becomes dirty green if the wine be pure, bi^. blue if a trace of 
indi^ be present. Indigo being often used to disguise the too bright colours of 
cochineal and fuchsine, they shoiUd always bo sought for after the removal of tlie 
indigo by clarification with albumin. 

Indigo very rapidly separates from the wine, and it may be frequently found in the 
lees, even when the wine gives but little indication of its presence. 

Logwood.-^Thu wines suspected to be colonred with logwood should be treated with 
egg-^buinin, as ordered in the case of Brazil wood. The precipitate obtained is 
washed with water, then with alcohol of 25 per cent. A part is then removed and 
boiled with alcohol of 8fi per cent, and filtered. Treated with a skein of silk, the silk 
is dyed maroon or lilac- red, is changed by diluted ammonia to a violet- blue tinged 
with grey, and by acetate of alumina to a bluish violet. 

Frtvei Bernes are very seldom used. The presence of their juice may be detected 
by adding acetate of alumina to the clarified wine, or the peroxide of barium and a 
little tartaric acid. An orange colour deposit takes place after about 18 hours. 

Whortleherriea ore only ns^ for the most common wines. In wines adulterated by 
the juice of this fruit citric acid may almost always be detected. — ‘ On the Fraudulent 
Coloration of Wines’, by Arm. Q-autibh, BuU, iioc. Chim. [2], xxv. p. 488, &o. 

Campeachy Wood, Archil, ^c. — From 6 to 6 millilitres of the wine are to be poured 
into a gloss teat tube of 20 m. capacity, and then three-fourths of its bulk of ether 
is added. After a few minutes the ether rises to tlio surfiice. If the ether be coloured 
yellow, and assumes on adding a few drops of ammonia a deep red tint, Campeachy 
wood has been used to colour the wine. If the ether becomes red or violet, and re- 
mains so on the addition of ammonia,^e colouring matter has been derived from the 
lichens. — M bllias : Dirglbb’s Polyt.Jour., eexv. 

A test-paper has been prepared and sold under the name of Oanokrine by MM. 
Latnvillb and Bot, wbicu appears to answer well. 

With a genuine red wine tne colour produced is a greyish blue, which becomes lead 
coloured on drying. With magenta and other aniline colours it turns a carmine red ; 
with ammonia^ cochineal a pale violet ; with elder berries, the petals of roses, and 
the like, a green ; with logwood and Brazil wood the colour of the dre^ of wine; with 
Pernambuco wood and Phvtolacca a dirty vellow ; with extract of indigo a deep blue. 
The manipulation required is simple. ^ A slip of the paper is steeped in pure wine for 
about 6 seconds, then briskly shaken to remove the excess of liquid, and plaoed on a 
sheet of white paper to serve as a standard. A second slip of the same paper is put 
into the suepeoted wine, and then placed beside the standaro piece. It ie asserted ^t 
1-100, 000th of magenta in wine is sufficient to give the paper a violet ehade. — 
IfoMDBS, Bevua Babdomadaira daa §cienofa, November 28, 1676. 

Optical Behaviour of ITtnss.— It appears that commercial grape eugar contains eon- 
siderable (Quantities of an unfermentable body, varying from 16 to 24 per cent. This 
substance is p^y soluble and partly ineoluble in alcohol ; it is not sweet, nor does 
its concentrated solution deposit dextrin on additien of alcohol. It ie weither spim 
mot sugar, but it may be transformed into sugar by long-continued boiling with duute 
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sulphnric acid. The snbatance ia non-ciyatalliiie, and it alightly reducoa copper 
from FMHi.iifo’8 aolution. • 

Ordinary winea exert no rotatO ]7 action on the poniriaed my when fermontntion haa 
jceaeed, but very fine German winea, aa Johanniaberg and Hudeaheiniur, cauee iho ray 
‘to rotate to the left ; hence if it be found that a aample of wine cauaea riglit-handod 
rotation, we may conclude that thia aample iaadultemted with commercial grape augur. 
— C. Nrubaukb, ‘ Optical Behaviour of Winea,* ZeUschr. Anal. Chem 187fl. 

Importations of Wines.— On May tt, 1866. an Act waa publiahed Bottling that all 
winea contfuning leas than 26 doOTeea of proof apirit ahould pay la. a gidlon duty ; 
containing 26 and lean than 42 degrees of proof spirit 2*. 6d. ^ler gallon ; and ud- 
ditiuual, for eveiy degree of strength beyond tno highest above apocifiod, 3d. per gallon. 


Jied Wine. 


• 

1876 

1H70 



Gailoni 

Value 

OelloM 

Viiluo 

From Germany . 


72.382 

£14,602 

98,046 

£19,829 

„ IloUaud . 


44,006 

19,641 

48,403 

18,378 

„ Belgium . 


4,800 

2,670 

6.065 

2.887 

„ France 


3,635,047 

1,011,682 

5,868.822 

1.374,041 

„ Portugal . 


4.442,760 

1,478,561 

3.959.064 

1,267,815 

,, Madoini . 


301 

130 

605 

32 

,, Spain 


1,365.588 

179.571 

1,288.027 

168.692 

„ Canary Islnmls . 


217 

95 

— 

— 

„ Italy 


26,026 

6,597 

25,606 

7,189 

„ Channel Islands 


13.174 

6,644 

14,045 

6,784 

,, Gibraltar . . 


3,251 

1.135 

041 

646 

,, Malu . . 


186 

80 

869 

94 

„ British Poasossions, 

> South 





Africa . 


6,048 

2.277 

6,887 

2,080 

„ British East Indies 


1.008 

670 

1,736 

1,074 

„ Australia . 


10,013 

3,302 

21,666 

6.008 

„ other Countriea . 


15,617 

6 775 

14,413 

4,446 



0,639,519 

£2,734.241 

10.863.661 

£2,871,694 


White Wine. 





1870 

1876 

From 

Germany . 


Oallooi 
337,943 , 

Value 

£45,366 

Oellona 

823,928 

Value 

£42,607 


Holland 


636,727 

346,047 

576,963 

874,070 


Belgium 


9,307 

5.747 

12,022 

6,869 

If 

France 


1,646,867 

1,606,206 

1,693,313 

1,630,668 

II 

Portugal . 


36,337 

« 8,967 

10,661 

6,166 

M 

Madeira . 


91,697 

47.660 

129.807 

61,634 

II 

Spain 

Canary Islands . 


6,626,160 

1,942,666 

6,607,089 

1,917.046 



8,663 

2,796 

7.982 

2,172 

II 

Italy 


468,036 

106,168 

606,601 

122.662 

II 

Channel Islands 


11,711 

6,890 

8,064 

4,642 

II 

Gibraltar . 


14,089 

8.428 

10,208 

6,098 


Malta 


10,388 

3,068 

10,084 

8,138 

f* 

British FoaaeaaionB, Sonth 
Africa .... 

6,164 

• 8,027 

8,111 

8,976 

II 

British East Indies . 


21,698 

14,066 

22,767 

18.071 

II 

Australia . 


16,230 

4,783 

14,370 

27,806 

12,600 

II 

other Countries . 


31,019 

83.627 

18,712 




8,789,786 


2.097.172 

£4,121,806 


The following table shows the quantity of wine entered for home consumplllaon, and 
the amount of dq(y received thereon, so far as regards the importatioDs of wine fnma 
France, Portugal, and Spain : — 
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4, 187fl 1 

_ i 

Red 

White 

France 

Portugal 

Spain .... 

Oollons 

3,502.616 

3,862,071 

1,133,476 

Value 

£180,745 

481,600 

130,362 

Oalluni 

1,536,699 

25,219 

6,643,186 

Value 

£70,661 

2,084 

604,641 


1876 j 

lleil 

White 

Franco 

Portugal 

Spain .... 

Gallons 

6,147,866 

3,697,160 

1,134,076 

Value 

£262,.315 

461,241 

137,606 

k. 

Gallons 

1,607,654 

28,246 

5,827,265 

Value 

£83,148 

3,236 

666,607 


Wines imported iu 1877. 


Gallons 

Britisli Possessions iu South Africa . 28,206 

Value 

£10,026 

other British Poaseseionb . 

20,2Q,1 

6,816 

Oerniaiiy .... 

461,310 

66,466 

Holland .... 

621,771 

889,760 

France ’ 

. 4,811,682 

1,406,344 

. 1,831.910 

1,664,400 

1,345,727 

Portugal .... 

. 4,006,666 

Madeira .... 

84,264 

43,204 

. . . 

. 1,263,362 

152,853 

White. 

. 5,653,161 

1,868,437 

Italy .... 

732,604 

146,820 

other Countries 

126,807 

64,263 

r Of Wine . 

. ] 9.630,903 

£7,165,700 

Totals Red 

. 0.648,173 

2,970,376 

L White . 

. 8,123,100 

4,185,828 


Wines entered for 

From Franco ; 

, Portugal 
, Spam ; 

, other Coumries 

f Of Wine 
Total ^ Red , 

L White 


Home Consfumption. 

Oallona 
. 4,726,681 
. 1,600,397 
. 3,648,462 
. 1,073,034 

. 4.076,829 
. 1,667,070 


. 17,671,273 
. 0,648,173 
. 8,123.100 


WIMM OAiroa. At a meeting of the Board of Directors of the Fittsbnrffb 
Chamber of Commerce, United States, the Committee on Wire Gauges presented the 
following paper . 

* Your committee appointed to examine into and report in regard to memorialising 
Congress on the adoption of a standard wire gauge, would respeotfolly submit the 
following : — For manv years past all classes of man^acturers, contractors, and buyers 
of metals usually made or sold by thickness determined bv wire gauge, have felt the 
neat need of the adoption of ^ standard gauge, and one which was made standard by 
legal enactment There are ^nt thirteen known gauges, and with perhaps but one 
exception none of them are constructed on any defined ^stem. 

‘As an example of the irre^larity of increase of thickness number of wire 
gauge, we will take the Birmin^am gauge, which is most generalljfvused by our iron 
manufacturers here. 
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* No. 24 sheet iron weighs 96 lb. per sq. ft. 

< No. 23 sheet iron weighs 99 lb. per sq«4t. Increeee over No. 24, *04 lb. 

' No. 22 sheet iron weighs 1*16 lb. per sq. ft. Increase over No. 23, *10 lb. 

* No. 21 sheet iron weighs 1*82 lb. per sq. ft. Increase over No. 22, *17 lb. 

*No. 20 sheet iron wei^s 1*41 lb. per sq. ft. Increase over No. 21, *09 lb. 

‘ No. 19 sheet iron weighs 1 70 lb per sq. ft. Increase over No. 20, *29 lb. 

‘ Aside from the irreg^arity of increase of sise in a single gauge, the different 
gauges vary from 10 to 80 per cent, in corresponding numbers. Many panics not 
being awate of this fail to specify in their contract tlie name of gauge required, or the 
weight per foot, and thus the door is opened to a kind of dishonesty the law does not 

‘ A number of years ago the firm of Messrs. J. R. Browk and 8 harph— now 
Barlino, Brown, and Sharpr— of Providence, Rhode Island, designed a now gauge on 
very simple principles, the thickness of each number increasing in " geometrical pro- 
gression.^ l%ia gauge, whicn they named ** Standard Wire Gauge,” has boon adopted 
as the standard by the brass manufacturers of this county, A meeting of the wire 
manufacturers was held at the Astor House, New York, in 1864, at which a resolu- 
tion was passed adopting the same gauge as their standani, but the meeting failing to 
agree on other matters appertaining to their trade, the whole fell through. 

‘Some of our manufacturers are not in favour of any gauge being made standard 
except those in uh«i in their respective works, but it must be remembered that the 
making of any particular gauge a legal standard does not take away the right of 
private contract. It mattors but little what gauge the Government may adopt, but 
It is a matter of groat importance that some one should be made a legal standard on 
which contracts could be enforced in the absence of special agreements as to which 
particular gauge is intended. 

* At the same time we think best that when a standard is adopted it should bo one 
constructed on a perfected system, and up to this time wo beliovo tho only one so 
constructed is the ‘'Standard Wire Gauge” manufactured by Messrs. Dablimo, 
Buown. and Sharps, and wo would recommend that Congress be momorinliBed to 
adopt it as the legal standard. 

‘ The same need of a standard wire gauge has been long felt in England, and we 
hope the adoption of one by this country may be followed by similar action on the 
part of the British authorities ; whether or not, wo think the very small proportion of 
iron now imported should not bo permitted to interfere with the adoption of n great 
improvement, which will be greatly beneficial to every trade or buyer in which any 
kind of goods are sold or contracted for by wire gauge. 

* J. T. Stockdalr, 

* Gbo. W. Hailu^n, 

* O. P. SCAIFK.’ 

Through the kindness of Mr. 0. P. Scaifs, one of the above committee, and who 
has given some thought to this subject, the American Manufacturer has been fur- 
nished with the following copy of resolutions acted upon by the wire manufacturers 
of the United States at toe Astor House, New York, in 1864, and though they were 
not adopted, owing to other questions arising at the time, the American gauge is con- 
sidered standard by them : — 

‘ Whereas it seems desirable that a uniform standard gauge be used by all American 
wire manufacturers, therefore, * 

'Resolved, that on and after April 1, 1864, we, the undersigned, will adopt the 

S uge prepared by Messrs. J. R. Brown and Sharps, of Providence, R.I., known as 
e American gauge, and will be governed by it in the manufacture of iron wire, and 
also use our exertions to have it brought into general use.’ 

Mr. ScAiFB furnishes the table on the fijllowing page, which shows the difference 
between the proposed American gauge and the Birmingham gauge. 

'Ir the American gauge the OTaduations are calculated as follows, the different 
numbers increasing in geometrical profession, so that having the sixe of one numbef 
any other number can m found by a simple calculafion : — 

' Jjet A»the first term in a geometrical series of numliers. 

Bathe last term. 

N a number of terms. 

R a ratio or fiictor by which the terms are multiplied. 

* Therefore, if A a 006 in. or No. 36 gauge, Ba*46 A. or No. 0000, and N* 40 • 



1-123 


li 



WlRE-GAUZlii WEAVING 


m 

■Each term, commencing with '00,5 or No. 30, 1)eing Bucceuively multiplied by thie 
factor, gives the Buccessivo sizes, and any iotermediato size may easily be found by 
calculation.’ 


No. of Wire 
Gauge 

Now Standard 

Birmingham Gauge 

Hio fif each No. In 
iJcsciuiiil purit) of 
an Inch 

Difference between 
C(ini*tnif*tlon. 

Nua. In Decimal parte 
of an Inch 

Size of each No. 

In Decimal parts 
of an Inch 

Difference be> 
tween Oonstiuc- 
tion. Nos. in 
Decimal parts of 
on Inch 

0000 

•460 



•434 



000 

•40964 

• 0,5036 

•425 

•029 

00 

• 3 b 480 

■04491 

‘ *880 

•013 

0 

•82193 

•03994 

•340 

•040 

1 

•28930 

•03556 

■300 

•040 

2 

•25763 

•03167 

•284 

•016 

3 

•22042 

•02821 

•269 

•026 

4 

•20181 

0-2511 

•238 

•021 

A 

•18194 

•02237 

•220 

•018 

6 

•16202 

•01992 

•203 

■017 

7 

‘14428 

•01774 

•180 

•023 

8 

•12849 

•01679 

•165 

•015 

0 

•11448 

01406 

• i 48 

•017 

10 

•10189 

•01254 

- i 34 

•014 

11 

•09074 

•01105 

•120 

■014 

12 

• 080 H 1 

•00003 

•108 

•Oil 

13 

•07196 

• 008 R 5 

•005 

•014 

14 

•06108 

• 007 S 8 

•083 

•012 

15 

•05707 

00702 

•072 

•on 

16 

•05082 

•00625 

•065 

•007 

17 

•04526 

•00656 

•058 

007 

18 

•0403 

•00496 

•049 

•009 

19 

•03589 

•00441 

•042 

•007 

20 

•03106 

•00893 

•036 

•007 

21 

■02846 

•00360 

•032 

•003 

22 

02585 

•00311 

•028 

'004 

23 

•02257 

00278 

•026 

•002 

24 

•0201 

•00217 

•022 

•003 

25 

•0179 

•00220 

•020 

•002 

20 

• 01,594 

•00190 

•018 

•002 

27 

•01419 

•00174 

•010 

•002 

28 

•01261 

•00153 

•014 

•002 

29 

•01126 

• 001.38 

•013 

•001 

30 

•01002 

•00128 

•012 

•001 

31 

•00893 

•00110 

•010 

•002 

32 

•00796 . 

, -00098 

•009 

•001 

83 

•00708 

•00087 

•008 

•001 

84 

•0063 

•00078 

•007 

•001 

33 

•00661 

•00069 

•005 

•002 

86 

•006 

•00061 

•004 

•COl 

37 

•00445 

•00033 





38 

•00396 

•00040 

— 

— 

30 

•00333 

•00043 


— 

40 

•00314 

•00039 

i 

— 


Wire-gauze weaving by hand-loom is performed 

in the following manner : — The warM axe wound on the beam, and seeuied to the 
winding-oiF beam, two treadles only oeing required, which ore, the usual arrange- 
ment, prepared to raise the wa^ alternately, the motion being given through trea<ues 
worked by the feet at the lower part of the loom, or by lighter lavets on the upper 
part. The weft is wound on the bobbins fitting into the shuttles, which are prefbnnd 
when mode of brass, cast lights as it glides easily along the metallic warps, requiring 
no ' unction,’ as is sometimes the case when other material is usedtS or other 
suitable wo^ is used fur the shuttles, which are made fish-shaped, being a natural 
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one for the duty they hare to perform. The shuttlee carry the boliblne in their 
hollow centre in such a manner that thej|cau revulre with sufficient freedom during 
their flight across the warps. 

Supposing a breadth of from 4 to 6 feet is to be woven, two weavers would be 
employed, one to throw the shuttle from right to left, the other from left to right, 
somewhat in this fashion : — The right-hand man makes a loo{> or knot on the loose 
end of the weft, and with his left hand mecbiuically secures it to a peg or hook for 
forming the selvage. Next, with a measured action acquired by practice, ho takes 
the shuttlo in his right hand, in so doing liberating a sufficient length of the weft 
between his Angers until his arm has proper play for throwing the shuttle, which 
he does very mechanically, the shuttle being caught with equal precision by the left- 
hand man, who gives the weft a slight strain, and holds tlie shuttle in his left hand, 
while with the other he assists his mate to give the lay a stroke and drive the weft up 
to its required position. The warps are then reversed — tliat is, the upper take the 
place of the lower, and vilB t;srsd, by a movement of the treadles or levers, as the 
case may be; the same operation is repeated by the left-hand man. Each stroke of tlie 
lay advances the weft the distance required, leaving spice for open tissues, such as 
wire-gauze. In this way from 60 to 160 square feet can be woven in a day of ten hours. 
Now all these movements are so purely mechanical that it is surprising that they 
have not been done by power long before this. 

WOOB-WOUUVO MAOBlimT. (See Carvino bt Maciiimhiit, voI. i. 
p. 788; Cask, vol. i. p. 744 ; Wood-Prhshbvino, vol. iii. p. 1156.) In addition to the 
articles referred to, there will be found in tlie preceding volumes, scattered tlirougli 
the articles which have a direct or indirect reference to wood-munufactures, statements 
connected with the use of machinery for funning wood into shape. The present article 
will deal with such machines as have not been previously not^. To do this to the 
extent required by the large number of boauti^lly coiistruoted machines which are 
ri(»w in use, a volume would bo scarcely sufficient, consequently a general statement, 
referring to typical pieces of machinery only, is all that can be introduced in this 
place. 

The first operation is, of course, the felling of the tree. This has been, and is 
usually, the work of tlie woodman. Recently, however, the firm A. Kansoim and Co., 
of the Idtanley Works, Chelsea, have introduced a ' steam tree-feller.* 

It consists of a steam cylinder of small diameter, having a long stroke, attached to 
a light cast-iron bod-plate, upon which it is arranged to pivot on its centre, the 
pivoting motion bein^ readily worked by a lever. The saw is fixed direct to the end 
of the piston-rod, which is caused 1o travel in a true line, when at work, by guides; 
and the range of the pivoting motion of the cylinder is such as to enable the saw to 
pass throng the largest logs that are ordinarily to be met with, without moving 
the bed-plate. A strong wrougbt-iron strut is attached to the bed-plute, and this is 
furnished with two fangs, which are made to bite into the butt of the tree by a chain 
passed round it ^ust below the saw-cut, and drawn taut by a powerful screw. 

The machine is supplied with steam at a high pressure from a small portable boiler 
through a strong flexible steam pipe, and as this may be of considerable length, the 
boiler may remain in one place until the machine has cut down all the trees within a 
radius which is determined by the length of the steam pipe. 

From the foregoing description it will be clearly seen that the only fixing the 
machine requires after it is laid down against the tree, is to draw it tight against the 
butt by the chain and screw above referred to ; nn(9as the whole apparatus, exclusive 
of the boiler, does not weigh more than about 3 cwt., it is readily carried about slung 
on poles between four men. The steam pipe does not requirt- to be disconnected while 
the machine is being removed, and a special valve is attached by which it can be 
instantly started at any part of the stroke. 

Samng MaoJdnM. — The machines employed for converting rough timber are very 
numerous, and several exceedingly ingenious sawing machines have been introduced 
by diflbrent inventors for this purpose. 

For a permanent saw-mill, where logs from 12 in. to 86 in. in diameter are required 
to be sawn into boards of various tMcknesses, a fbrtical timber-frame is reouired. 
These log frames are made of all sizes, to suit both large and small work. If the 
logs are tolerably straight and level on the nnder-side, so that they get a fair bearing 
on the rollers, °a ' roller feed framo,’ of which an excellent example is prepared by the 
Messrs. A. XUnsoics apd Co., should be used, as beiim the most expeditious, its eou- 
Btruotion allowing of the logs following each other trough the machine without 
intermission. On the other hand, where large logs of rough uneven timber have ta 
be sawn into thin boards, special frames are required. 

The principle known as the Rook Feed is combined in these frames with various 
special improve&ente to facilitate the eonvorsiun of rough and crooked timber, which 
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with ordinary frames is a work of difficnlly, involvt^ a considerable toss of time. 
The travelling earriiige on whicli the timbty is laid is made of cast iron, planed all 
over, and runs upon turned rollers, having wrought-iron spindles which work in 
planed cast-iron carriages, screwed to the floor of the mill, to the full length of 
the travelling carriage on each side of the saw frame. The ends of the log are 
held on two east-iron carriages attac'hed to the travelling bed, and furnished witii 
powerful wrought-iron jaws, which are opened or closed by strong double-thread 
screws. These carriages have a lateral motion which enables them to follow the 
curve of a log ; and the dogs are hinged, so as to allow of a vertical motion in the 
ends of the timber. 

Tlie log is supported immediately in flront of and behind the saws upon two 
friction rollers, which can be raised or lowered so as to follow the under-side of the 
log; by this arrangement, no matter how irregular in form the log may be, it always 
gets a solid bearing to take the thrust of the saws. The advantage of this arrange- 
meut cannot bo overratfd, as, in tailing out the butt of % rough log in an ordinary 
frame there is danger of its slipping forward and crowding on to the saws, when 
great damage to the machine and saws ie the inevitable result. 

8end-partable JjOQ Frames, as they are called, are intended more particularly for 
use in the forest, where they can be driven direct from the fly-wheel of a portable 
engine, or in other cases where the machinery is required to be frequently removed 
and roflxed. Although not literally portable, they are so constructed that they can 
very readily be taken up and refixed , and as they require but comparatively little 
excavation and foundation, they are strongly recommended in cases where the presence 
of water near the surface of the ground precludes the formation of a vault below the 
mill floor. Although as strong as ordinal^ log frames of the same capacity, and 
capable of turning out quite as much work, yet by a carorjil considemtioii of their 
construction these frames are made at a considornblo reduction upon the prices of 
ordinary log frames ; and when the cost of foundations required for the latter is taken 
into account, the total cost of the p<jrtable frames, flxed for work, will be found to be 
not more than two-thirds of that of ordinary frames of the same capacity. 

The swing frame, crank shaft, and connecting rods are of wrought iron, and the 
timber carriages which carry the ends of the logs are fitted with adjustable screw 
grips, and have a lateral motion to enable thorn to follow the curve of a crooked log. 
The feed motion is continuous, and the logs follow one another through the frame 
without any stoppage, the front end of one log following the back end of the previous 
one without the slightest interval. The rate of advance of the log can be regulnted 
at will, and ranges from 1 ft. to 3 ft. a minute according to the nature of the wood 
being sawn, amf the number of the saws being used. 

Band Saw Mackmrn,- -The fact that band saw machines can bo constructed at a 
moderate cost to cut through a depth oi 4 or 6 ft., coupled with the small amount of* 
timber which they waste, and the compamtively little power required to drive them, 
makes them prc-omiuontly suited for breaking down large logs winch cannot be com- 
passed by any ot the ordinary vertical frames. 

Such machines have for some years been used in France, but they have hitherto 
not been geueralljjr adopted in this countiy on account of a prevailing notion that they 
require a professional saw- maker to keep the blades in order. This idea has arisen 
from a false impression that very wide saws must be employed for sawing venr large 
lugs, and hence blades as wide as 6 or 8 in. (which are exceedingly costly and difficidt 
to keep in repair), have been usedfinstoad of S-inch saws, which cost but a moderate 
sum, and can bo readily kept in order by any sawyer with a I'ttle practice, and are 
amply sufficient to cut through the largest logs. 

The very imperfect construction of the few machines of this kind which are to be 
found in this country, most of which are wanting in suitable appliances for straining 
and packing the saws, has also tended greatly to bring them into disrepute. 

The band saw constructed by A. Bansomb and Co. has been designed to obviate 
the defects existing in other machines of this class, and has been for some time work- 
ing most successfiUly. The timber is simply rolled on to the travelling table, which 
is of wrought iron, and is fixed *6n a level with the floor, and as the weight of the 
log is sufficient to retain it in its ^ce, it merely requires a4juBting with crowbars 
to bring it in a line with the saw. The tible runs on a series of tnmed iron rollers 
which guide it in a perfectly straight line, and it is provided with a self-acting 
forward motion ranging from ^ to 20 ft. a minute, and with a wtum motion of 60 ft. 
a minute. 

For sawing mahogany and other valuable woods the single-blade saw-feame has 
been introduced. 

The saw works in a horisontal frame, and the timber is laid up^ a strong cast- 
iron travelling table, the top of which is only a few inches above the level of the floor/ 
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BO »w tbe logs can be easily canted on to it, and do not require to be lifted. This 
travelling table is fitted with a oontinugiie self-acting variable feed, and hoe an 
acceleta^ return motion. 

The rwing frame which oarriee the eaw ie very light ; and the strain on the saw 
in counteracted by a tension-bar, which gives great strength and rigidity to the frame. 
The guides for the swing frame are formed upon a cast-iron saddle, which rises and 
falls upon the planed faces of Uio main standards, the saddle being lowered after each 
cut to suit the thiokoeas of tbe board required to bo sawn. By a simple arrange- 
ment, the same hand-wheel which operates the screws for rising and falling the saw 
is made to raise or lower, in exactly the same proportion, the crank disc which aotu- 
Htes the frame, and thus tbe connecting rod always maintains the some relative 
position to the frame. 

The saws used in these frames are vei^ thin, and are sharpened to cut both ways 
of the stroke ; they thus waste very little stuff, aud do much cleaner work than can 
bo done in a vortical frame. * 

Deal and Flitch FraTMe.— A few ^eors since Mr. Chari us Frazmi, a saw-mill pro- 
j)rie1or at Norwich, patented a senes of im^rtunt improvements in deal frainrs, one 
of which consists in the introduction of feed rollers on the fence side of the deal, 
working in conjunction with a wide food roller ncting on its other side. All those 
rollers being driven, give an enormous feeding power; and although they are all 
perfectly smooth, they will feed with the greatest certainty with any number of saws, 
and do not cause the slightest indentation in the surface of tlie deals. 

Another improvement introdueorl by Mr. Fuazkr was to substitute for the ordinary 
heavy swing frame, divided into two compartments and worked by a single cou» 
iM-tmg nxl (tlie whole working parts weighing from 6 to 10 cwt.) a pair of light 
fremPH, euch driven by a supumte connecting rod, and arranged so as to counter- 
li.tl.inco OHcli other, the weight of the descending frame with its connecting rod and 
saws tending to lift the ascending one. Hy this arreogement FaABKR'a deal frames 
can 1)0 drnen at least tvi ieo as fast as any other kind ; and the additional speed of tho 
sawH cfiuhea them to work much freer from sawdust, and to do cleaner work than au 
ordin.irv frame. The very striking advantages above noted will without doubt oauf-e 
I’KAZHuis frames to bo generally adopted for all saw-mills where quick production and 
tirst-elass work are important considerations ; and the rapidly-increasing demand for 
them, in spite of their somewhat high prices, sufficiently marks them as the deal 
frames of the future. Their introduction has been somewhat retarded by the notion 
that such high speed must of necessity cause rapid wear and great consumption of oil ; 
but in their construction care has been taken to provide for the extra speoil, and with 
such success that the Frazku’s frames as now made do not cost more for repairs nor 
eonsume more oil than any ordinary frame, although they are guaranteed to do double 
as much work. 

After those remarks it is needless to say that for all saw- mills Frazrr'b Patent 
lilquilibrium Deal Frames are strongly recommended; and although their extra eost 
sometimes causes purchasers to hesitate, it may safely be assorted that the excess in 
price of a Fbazbr’s frame over that of any other will be more than covered in the 
first six months of its working. Indeed, so Thoroughly is this now recognised, that 
any saw-mill proprietor adopting Fuazbr’s frames in any district, secures the control 
of the trade in that locality. 

These frames ore constructed to take two deals or flitches instead of one, and are 
also fitted with two sets of feed rollers. * 

Self-Acting Plank Cross-Cut /Saw.— This bench is intended chiefly for the use of 
cabinet, pianoforte, implement makers, and others who require to cross-cut wide 
plank, up to 6 in. or 8 in. thick, into lengths before ripping it out at the circular saw. 
For such purpose it is more convenient tmn heavier machines ; besides which it has 
tho advantage of taking less power to drive it, aud it is also cheaper. 

The whole machine is entirely self-contained, the countershaft which drives the 
saw being attached to the framing, 2fi64. The opmtor stands immediately oppo- 
site the saw, which is broi^ht up by a self-acting motion, thrown into gear b^ a lever 
fixed in a convenient position ; and the saw, havifl|g completed the cut, retires, and 
when clear of the wood, stops of its own accord. 

An ai^uBtable stop is sometimes added to^togulate the lenrth of the pieces cut off, 
which saves the time and trouble occupied in marking and aq||UBting the plank. 

For long plonk, it iia advisable to have an iron truLlv miming on rails to take the 
weifl^t of the plank, and to facilitate its being moved after each cut. 

The ' Estate Carpenter! as it has been called, is intended espmly for general 
fobhing work upon gentlemen’s Estates, such as sawing out, mortising and pointihg 
poets and rails, gipping out fencing, cross-cutting firewood, sawing square blocks for 
paving, dto. 
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It consiatt of a strong oast-iron framing with a planed table, which foi ms a saw 
bench on one side capable of working sawf up to 30 in. in diameter ; while at the 
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other side -is a mortising and boring apparatus, which will make mortises in any kind 
of wood up to 2 in. wide, and of any length and depth with great ease and rapidity 
C^s. 2666. 2666). o -W- S' / 
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Tbe driring pullt^j, which ii fixed between the besringe, ie entirely below the 
bench, eo aa to allow of timber of any Iftigth being eroM-cut by the law. A eaet-iron 
eliding plate for oroee-cutting ia anp^ied with the machine, which worka in a planed 
^gioo^ formed at the top of the table, in a line parallel with the path of the aaw ; 
hia enaorea a perfectly true and aquare out, and preventa any croaa atzain on the aaw. 
_'hia plate ia provided with a cramp lever for holing aecurely crooked pieoea, auch aa 
bougha of treea, when being croaa-eut. 

The fence ia adjoatable to cant at any angle, and worka on a ronnd bar at the end 
of the table, ao that it can be turned over the end of the machine and leave the top 
clear for croaa-catting. 

The mortising table haa a rising and falling motion of considerable range, so aa to 
enable the machine to mortise large poaU up to 8 or 9 in. ^uare ; and it ia famished 
w)th a peculiar cramping arrangement, by which crooked pieces can be securely held 
while under the action of yjie t(^. 

When aaed for boring, an auger ia snbstitnted for the mortise tool, and the slide 
which carries the wood ia worked by hand. 

Doth sawing and mortising can be carried on simultaneously, and a man can be 
sawing out the posts on one aide of the machine, while a lad is mortising them at the 
other. 

Ciroular Saws . — We are indebted to Mr. Aubit Bamsomb for the following remarks 
on these. 

The following conditions arc necessary to insure the satisfactory working of a 
circular saw : — 

1. It must bo perfectly flat and round, and of even thickness throughout 

2. It must be properly sharpened for the description of timber which it is required 
to aaw. 

3. It should have sufficient set to clear itself properly in work, but not any 
superfluous set. 

4. It should be properly packed. 

Aa rngards the first of these points, it may be taken as pretty certain that saws by 
any of the best makers will be sufficiently true and flat, and of uniform thickness 
throughout; but when fltted to the saw spindle they will seldom be found to be 
ferj'sethf ronnd, and therefore, before a new blade is sharpened for the first time, the 
sawyer should fix it on the spindle, and run it round, holding a piece of hard stone to 
the teeth, so as to grind off any points which may project beyond the rest. As soon 
as it appears that every tooth has touched the stone, the saw should be sharpened, 
the top of each tooth being filed or ground down until all the flat fkres made by the 
stone nave disappeared, when the saw will be a perfectly true circle, and when set to 
work each tooth will do precisely the same duty. 

The amount of set which a saw should have depends so entirely upon the quality of 
the timber which it has to cut, that it is best found out in practice ; but the utmost 
care jhould be taken to give every tooth precisely the same amount of set, or other- 
wise the saw will draw in the cut. The set should be sufficient to enable the saw to 
clear itself properly ; but as the less set a saw has the less wood it wastes, and the 
cleaner it its work, it should not have more than is necessary. 

The proper packing of a circular saw is quite indispensable to its satisfactory 
working, and therefore the greatest attention should be paid to this point. The best 
^stem of packing is to ran the front part of the q^w between an oiled gasket, which 
is tucked firmly against the saw on both sides, and rests upon wooden strips, which 
are screwed to the under side of the bench and fllling-in plate for that purpose. 
The object of the gasket is not, as is frequently supposed, merely to hold the saw 
in position, but to create, by the friction of the blade against it, a certain amount 
of warmth, which should be difihsed uniformly throughout the entire diameter of 
the saw, the result of which ia to cause it to expand equally, and to run in a per- 
fectly straight line. The whole art of packing oepends upon tucking the gasket in 
such a manner as to insure this uniform wannth, and is readily acquired ^th care 
and practice. • * 

It is somewhat remarkable that even in the present day a vast amount of cross- 
entting is done by hand which might, to gsiat advantage, be performed by machineiy ; 
indeed it is quite the exception to find, even in the laigeat saw-mills, a machine mr 
cross-euttjng timber. This is doubtless in some measure due to the fact that mosc 
of the ma^nes whiefi are made for cross-cutting ftgs are not convenient for the 
purpose, and if fixed (as they ehould be) at the entrance of the mill, they form 
an obetade to the free paeea^ of the timber. Moreover, if a heavy .leg has to 
be fixed and cramped in a machine before it can be cross-cut, a considerable portion 
of the time ifhica would have been expended in cross-cutting it by hand is lost 
in acHttsting it in the machina. There can, however, bo no doubt that a properly- 
VoL. IV. 8Q r / 
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cooitmetod maehioab which will cut through a large log in 1 ms than a minute as 
it lies on the ground, and yet lesTes the tfitranoe to the mill perihetly clear, is a 
most desirable addition to any saw-milL If only used for cutting the butts off logs, 
before passing to the frames or rack benches, such a machine ^&cts a great economy; 
but the advantage is enormously increased where timber has to be cut into short 
lengths before being conyerted. 

For cross-cutting heavy scantlings, planks, deals, or other long stuff, it is desirable 
to employ a machine in which the saw is made to advance through the timber while 
the latter is at rest; for not only is it very inconvenient to hold up long heav^ 
plunks, and move them past the saw by hand, but it is very difficult in this manner 
to bring such pieces forward in a line exactly parallel to the plane in which the saw 
runs, any deviation from which tends to bend and cripple the saw. For this reason, 
none of the ordinary circular saw benches constructed for ripping are well adapted 
for cross-cutting ; and moreover, as rippii^ benches are almost always fixed to cut 
in the direction of the Icligth of the mill, it is necessary, ^en using them for cross- 
cutting, to turn the piece to be sawn across the mill, which not only involves extra 
labour, but is liable to interfere with the working of other machines ^ed in the same 
building. 

The saws exhibited at the Philadelphia Exhibition must be noticed here : — 

A Bcroll saw, exhibited at Philadelphia by Beach, of Montrose, Pa., U.S., was an 
admirable machine. Both the upper and lower guide ways have a lateral motion 
either way to line the saw, also a backward and forward motion to give any desired 
rake to either end of the saw, while both the cross-heads ore adjustable to take up all 
the wear, thus entirely preventing the moving of the guide ways except when made 
necessary by the settling of the floors. The table bed is fi^ly fastened to a heavy 
cast plate, which entirely prevents its warping or rolling. This plate is secured to 
the lower frame in such a manner that it can be thrown on any angle in an instant, 
enabling the saw to cut almost any desired bevel. Instead of the ordinary tight and 
loose pulley, the crank shaft carries a friction pulley, by which the saw is made to 
start and stop instantly without shifting the bolt— a great saving of time on inside 
work. The operator, by a slight pressure of the foot upon the lever, can give the 
saw any motion that the work may demand, from 100 to 860. The friction pulley is 
a4justable to take up all wear, which makes it as lasting as any part of the machine. 
Each of the springs contains 6 ft. of ^-inch steel, made expressly for this machine, and 
is capable of giving a strain on the saw of 100 lb. The connections between the 
springs and saw are such that, while the saw moves b\ in., the average movement of 
the springs is not more than one-twelfth of an inch. By moans of the ratchets any 
desired strain can he given the saw, which is guaranteed to be perfectly even at all 
points of the stroke. The upright tubular shaft is of wrought iron, turned true both 
outside and inside, and to it are attached ail the working parts above the table. 

The ' parlour* saw, by the same maker, is for delicate work. The saw is stretched 
between two wooden spring beams, and is vibrated by means of a bell-crank lever, 
carrying two rollers, running on a wheel with a serpentine periphery, which can be 
run by the foot to give the saw 1,200 motions per minute. 

In Walkhr Brotobbs* improved scroll saw the straining arrangement is intended 
to produce an even tension at all parts of the stroke, both upward and downwards, 
by the improved form of the spring and friction link ; the former can be readily 
slackened aud thrown out of work bv a screw in front of the machine, and a blower is 
provided for removing the sawdusnfrom the table. 

The reporter, W. H. Barlow, F.B.S., remarks that the display of American saws, 
axes, and other wood-cutting instruments is one of the finest in Machinery Hall, and 
at the same time it is one of the most ornamental, as the highly-polished saws, some 
of great sixe, tastefully airanged on large screens, make a glittering show. The 
difibrenca in the form of the iUneriean and English tools, especially m the teeth of 
the saws, is very marked. 

He expresses his regret that Sheffield did not send any circular saws, and then says 
that the display of circular earn made by Canadians was splendid, * snd, as fhr as 
could be infeiTod from an examinuion, the quality was all that could be desired.’ 

One of the moat tedious and laborious processes in wood-working is undoubtedly 
the sawing through any great length or tnidcness of timber, and eextmnly a oaxpeuter 
could not but begrudge the time aud labour spent on such an operation, after seeing 
the ease with wmch a saw-be]|^ made by Messrs. Fubhbss aba Co., of Liverpool, 
can saw through any length oF timber with surprising eelerity. It will, in fhet, but 
battens, deals, or planks up to 60 ft. per minute. 

Tbs madhine fr||M#i* one strong easting, thus saving all jsr and tendenOT to shake 
to pisoas. The folk# 1|12 in. in diameter and carried on a strong steel apindfe, running 
in improved gun^laliAl bearings, and may be driven by a pulley flxea either between 
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tlulMsiiiiM or by a flMt and Ioom pulley outside. The top fores of the ftane is 
planed ana wall got up, and is fortherattM with a strong nide fence, with lerer and 
praasnce rollers to kee]^ the timber np to the fenoe. The drag or feed motion is Tory 
ittgeniona, the foed being eflbcted by the ooiling up of a dr^ rope upon a drum to 
the left hand of the machine ; the motion of the drum being nuule automatic by 
a snitable belt motion, taken from a pulley on the saw spindle. The pressure of 
the guide roller is put on by a lever arm and hanging we^t Two carriages can 
be fitted to this maonine to run on rails — one at either end— to oany logs or long 
scantlings. 

This firm also manufoetures a oombination for tonguing, gloving, and cross- 
cutting, as well as sawing. It may be used for plain sawing, Mng provided with a 
ve^ convenient fenoe, which is also a4jnstable to any angle for bevel cutting. 

jjtis fenoe may also be immediately removed and repla^ by a eross-outung slide, 
in which the timber mav be placed and cut perfectly square. 

The saw itself may slso be easily removed, and a head, carrying revolving cutters, 
substituted for it, so that tongniim and grooving may, with little trouble, be thus 
performed on the same machine. A suitable slide is also affixed to the side of the 
machine, so that mortising and boring may be efifbcted by a tool carried on the main 
spindle. A great variety of work may be thus performs with a very oompMt and 
cheap machine, combining, in fisct, two machines, without impairing the efflcienqy of 
either. It will, therefore, be well adapted for small establishments. 

A tenoning machine, mostly in use by joiners and builders, is fitted with eaeb 
icribing apparatus and a trenching cutter-head. It is a very simple and compact 
machine, and the quality of the work is really excellent. 

Another contrivance, rather more complicated in construction and weU worthy of 
notice, ie Meesrs. FniurasB and Co.'s four-cutter planing and moulding machine. The 
solidity of construction — vis. the casting of frames and tables as for as possible in one 
piece — is also noticeable in this as in the previous machines, the frame being in one 
piece, and the table in another single castinc. The four-cutter heads enifole ths 
timber to be worked on all four sides at once, allowing a feed of from 10 to 20 ft. per 
minnte, of perfectly finished moulding, to be prodaced with ease. 

The timber is fed through the machine by four calender rollers, of which the upper 
ones are pressed to their work by means of weights, so that any slight variation of 
thickness in the timber is of no moment. As a farther guard against vibration and 
wear, the spindle runs in a conical bearing. Any wear may thus be taken up with 
ease and certainty. Practical convenience in the transference and sotting of cutters 
has been well considered in this machine, and there is no point that more materially 
affects the comfort and rapidity of handling to the wOTkman. This has been specially 
attended to in two amngements: — Fir^ that the cutter-heads may be removed 
entirely for a change of work, without displacing the cutters. This is a great con- 
venience and saving in time, since eeparate beads may be used solely for planing 
and different sections of monWngs, with the tools already set. The cha^e of nead is 
an easy and simple operation. 

The second practical convenience lies in Uie fhct of the cutter-heads being placed 
outside the machine, by which arrangement the setting of the cutters may be enbctsd 
with ease, 

Meesrs. Witrb and Lvwu have introduced some very excellent labour-saving nuv- 
chines, one of the most interesting being a oomUpation of band and circular saw, for 
being worked either by hand or by power. It iswell known that a frequent cause of 
the saw breaking is its becoming buckled on beating. To avoid this a tnird pulley is 
introduced, which gives an increased distance between one and the other, and so 
allows the saw time to cool. The Q-shaped frame affords plenty of space for laige 
work to pass between the saw and the frame. The pnUs^ have no flangea, thus 
avoiding a forther cause of breakage, as will be explained in connection with another 
machine ; and the saw is kept from slipping off by being packed close to its work 
with constable blocks. The table is maoe to cant, as nsnal, being clamped in position 
by a nut screwed up egainst a quadrant undome^b- 

The drenlar aaw has a risins; and falling spin^ to allow of rdbatinx and tenoning, 
the bearings being raised and leered bjj^a band-wheel under the table. The end of 
the i^indle earriee an auger, by which any sized hols^ up to 2 in., may le bored, and 
a rising and folline table is provided to bold the work. Fitted to the bendl is a 
canting fence, for frathering. The drculor saw m^ be worked by one rnuLn only, as 
it is provided with a self-acting rope feed. The rope, attached to a piece of board 
which draws the work along, is wound up on a pulley underneath the bench, mude to 
revolve by a worm on the first or driving shaft. The second shaft, in gear with the 
first, at an iimosed speed, carries the circular saw and also the third pulley which 
works the band saw. When power is employed, the band saw, eireuMr saw, and 
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boring apjMtfatas can all bo workod at the same time without interfering with each 
other, and when the machine is turned by handsone man can cut up to 9 in. deep with 
the band saw. and 6 in. with the circular. 

In the improved endless band saw not only has every precaution been taken to 
prevent the saw from breaking, but every possible safeguard seems also to have been 
added in case it should break, while the diminution of length due to splicing is also 
provided for. The bearing of the upper pulley is made eUstic by the addition of the 
firm’s patented double-tension spring and weight. The bearing works in a V-slide at 
the top of the standard, the tension being maintained by the weight and lever ; and 
the fulcmm of this lever is carried by another oc^ustable slide, supported by a strong 
rairal spring, compressed or allowed to expand by means of a screw and hand-wheel. 
With this compensating arrangement a saw may be considerably reduced in circum- 
ference b^ successive bearings, and yet serve for the same machine. Chance of 
breakage is also much diminished by means of three separate packings, one directly 
above the work, one directly below, and a third on the upthrow, which last, being 
about 2 fb. in length, gives considerable steadiness to the saw, and also serves as a 
guard to avoid accidents. In addition to the packing blocks steel rollers are added, 
both above and below the table, whicli support the back of the saw, to prevent the 
jumping which is so apt to occur in cutting hard wood. As these two rollers are 
capable of being shifted up to the back of the saw, as a groove is worn in them, they 
also prevent a groove from being worn by the saw in the flange of the pulleys, a 
groove whi(^ is liable to catch the saw and snap it. If the saw, in spite of all tliese 
precautions, should happen to break, the top would be caught by a curved guard 
which protects the hena of the operator, while the ro&t would be held in the long side 
guide Mfore mentioned, so that no accident would be caused, ^he bearings of the 
lower puUep are raised in standards bolted to the bod-plate, thus saving the necessity 
of cutting into the floor to allow the pulley to clear. The table is large, and may be 
canted to any an^le; and the upper guide may be a^’usted to suit any thickness of 
stuff. The striking gear is brought under it in a convenient position, so that the 
machine can even be started by the operator’s knee. 

Wood-cutting by a new MetM.— A novel method of cutting wood has recently been 
invented in the United States. It consists in substituting for the saws ordinarily 
employed a platinum wire, which is fixed and worked in the same manner as the saws 
used for foet-work. Through this wire a current of electricity is passed to maintain 
it at a red heat. When the wire in this state is worked backward and forward in the 
same manner as a saw, it penetrates even the hardest wood with astonishing rapidity. 
The instrument may be used to saw out boards or forms of the most varied nature 
from balks of the largest scantling, the wire lending itself to changes of direction far 
more readily than the band saw does. It is true that the action of the heated wire 
is to slightly carbonise the surfaces of the wood ; but the trifling loss thus incurred 
is not greater than that due to the ordina^ saw cut. 

Oetm<U Joinere . — The machines bearing this name are so well known in the 
building trade that a short notice only is required of them. 

The machine has been designed to meet the objections which are urged with more 
or less justice against the class of machines known as 'General or Universal Joiners,’ 
and it is guaranteed to be capable of performing the whole of the following opemtions 
in a thoroughly satisfactory manner, viz. , 

Bowing . — It will work saws up to 24 inches in diameter, and will deep 9-iuch 
deale. • 

Croae^ttinq . — ^It will cross-cut stuff of any length up to 4 inches thick. 

Planing , — It will plane, groove, tongue, edge, thickness, and bead, at one operation, 
boaide up to 9 inches wide. 

Moulding . — ^It will stick single or double mouldbgs of any pattern, worked^n all 
four sides, up to 9 inches wide. 

Cwaular Mouldingi . — It will cut circular mouldings of any pattern up to 8 inches 
wide. 

(^moving . — It will out grooves frgm 4 inch to 1^ inches wide. 

Thnouing , — It will cut single or doaole tenons, and scribe the shoulders at one 
operation. ^ 

Mortiting,~-lt will make mortises foom 4 inch to inch wide, of any length, in 
any kind of wood. 

BoHng,-^lt will bore holes from 4 inch to 2 inches in diameten 

The saw spindle is entiiely disnnot from those which cany the planing and moulding ' 
cutters, and henee the operations of sawing and planing or moulding can be carried 
on simultaneoinly or sa|««itely as at two distinct machines. 

The saw table rises and falls for grooving, rebating, &c., and is fltUid with an im- 
proved feudp, which can be set at any required angle, and is hinged, so Jtbat it can be 
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Ivnied orer at the end of the table when it is required to nee the eaw for croee* 
cutting. • 

The planing sod moulding apparatus is permanent, and is thus always ready for 
work. The top and bottom cutter-block spndles are supported in beanngs on each 
side, which ensures great steadiness, and ennbles the machine to turn out re^ clean 
work. The wood being planed or moulded, is fed through by a pair of revolving feed 
rbUers, both of which are driven ; by which means a greatly increased propelling power 
is obtained. The top feed roller rises and ialls to suit tne irregulanties in a rough 
board, and at the same time it always exerts its ftill feeding power. The rate of f^ 
can be Tsried according to the nature of the wood being operated on. 

Univertal Moulding^ Shaping, and Recessing Machine . — This machine, fig, 2667, 
18 capable of application to a vast variety of purposes, amoi^ which may be 
reckoned— cutting circular or twisted mouldings of any form ; sticking oirculsr and 
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straight sash bars ; moulding, rebating, and nooving straight or circular sash frames , 
cutting a moulding round raised door panels ; moulding, chamfering, or edging flat 
ornamental balusti^es, &c., to a pattern ; forming the housings in string bosnis for 
stairs ; sinking recesses of any form to a pattem^co. 

It possesses this great advantage over the o%na^ upright cutter maciiine, that 
the work can pass under the tool, and thus it is enabled to work in the centre of a 
board, whereas other machines can only work on the edges. It will also work with 
equal ease timber of any kind. 

The^ming is very strong, and the cutter overhangs a great distance, which allows 
of the work bring freely moved about in any direction upon the table. The fore part 
of the framing is made as narrow as possible, to allow cMf cutting a moulding round 
the face of a o&cnlar sash frame, or other similar work. 

The top cutter-spindle works in a oatrii^e, ^ch can be raised or lowered by a 
handle, as shown in the woodcut ; this slide is provided with an adjustable stop for 
regnlating the depth of the cut^ and its wgjjffht is counterbalanced by a spring, which 
makes it very seniitive and easy to work. 1 back slide is added, worked by a screw 
and hand wheel, by which the vertical range of the cutter can be very much increased. 
The end of the cutter spindle is screwed on the outs^ to take a adse block, to 
which moulding irons of any pattern can be attach^, and it is bored up to norive 
cutters for ohasing, recessing, or boring. A small false end Is suppli^ to fit the 
cutter spindle, fernished with a long slot, for taking a small cuttor for working 
moulding ^^>7 sharp intenal sweeps. 

This machine is usually provided with asecond cutter spindle, as shown ir fig, 2669, 
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which works bebw the table, but can be brought up abore it bj a hand wheel, sad is 
wwj osefai for some descriptions of work. « 

PatnU CmbHui Haniiu and Mouldinjf 
Machine {emaU mm).— A s 90 per cent. 

I of the mouldings in general nse are nnder 

4 inches wide, it is cwar that in any mill 
where there is more work than one monld- 
ing machine can tom out^ it is economr to 
hare one at least which is specially aoap. 
ted for light work. 

In such cases the small machine repre> 
sented (Jiff. 2669) is strongly recommended, 
having been designed expressly for ron< 
nine light mouldings with great speed and 
high finish. * 

In its general construction it closely 
resembles me larger machines, but all the 
cutter spindles being lighter, they can be 
driven at a proportionately higher speed, 
thus admitting of the wo^ being passed 
more rapidly through. The feed, which 
consists of a single pair of rollers, both of 
which are driven, can be varied from 20 to 
40 feet a minute, the work produced even 
at the highest sp^^being very clean and 
sharp. 

Band Saw Maohmee with Self-acting 
Canting ThAles.- These machines differ 
from those last described only in the addi- 
tion of a self-acting canting motion to the 
table, by means of which any sweeps of vary- 
ing bevel can be cut with the greatest ease. 
The table is fitted with an index, which works upon a graduated ^uadnnt fixed to 
the framing of the machine, and the canting motion is provided with four different 
speeds, which are used aoeor^ng to circumstances,^. 2670. 


2669 



When the self-^oting canting mAion is used, the man working the maohine eub* 
Qividei the tine of the eaw cut, marked upop the top of the piece to be sawn, into 
certain espial parts, and so regolatol the rate at which he feeds it up, that the eaw 
airivee at each of these marks exactly as the index points to the oonespondiiig mark 
upon the graduated soale. . « 

The self-acting arrangement u readily disoonnected when not nquaed. and the 
machine can be used as an ordinary band saw, with the table set either lerel or at an 

^°inother eimilar maohine is intended for sawing deals or flitbhes of |Dy deesription 
of timber into boards of any required thickness, and is particularly reSoiiiiMiided in 
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CMM whore but few cute are required in each piece. For aawing deala or flitehea 
with onlj one or two cute, it ia more dLyantageona than either a deal frame or a dr- 
cnlar aaw benchi as it enta much faater than the former, and waatea much leaa wood, 
and requirea conaiderably leaa power than the latter. It will work aawa up to 8 inehea 
wide, and will cut flitehea im to 20 inehea deep and 0 inehea thick. 

The timber ia brought forward at rates varying from 6 to 24 feet a minute by a 
new amooth roller feed. Thia oonaiata of four vertical rollen, all of which are driven, 

2570 



thus a great propelling power ; and aa the rollera are all perfectly amooth 

they do not indent the wood. The two innw feed rollera work between the fence 
bars, and are so arranged as to allow the piece being sawn to lightly touch the bare, 
while at the same time the rollers are exerting yieir full feeding power. The fence 
bars and inner feed rollers are attached to the enie brai^et, which can be readily eet 
nearer or further from the saw to regulate the thickness of the boards to be cut, by 
turning a handle at the aide of the table, and the outer rollera open out ao as to admit 
deals, planka, or flitehea of all thicknesses, from 1 j to 6 inches. 

Mortumff Maohinea for mortising wood, idthough oilbring a 0eat 

variety in design and mechanical combinational may be dbasued under the Uree 
following heeds:— 

1. M^inee which work with a chisel, having a vertical reeiproeating aetioii. 

2. Machines in which the mortise ia formed by a /evolving tiavening auger or bit, 
so eonstmeted as to cut on the aide aa well as on the end ; and, 

8. Machines constructed to work witLa square holW <^iael, having an auger 
wuricing inside it . 

Mortiaing maehiuas, with redptooating chisels, ere undonbtedly the kind which 
are in most general aiae, and embrace all those wluph are ma^ for hand or foot 
power ; this principle being applicable alike to la^ or email machines, or for aby 
description or timber. The diaadvantegea of this ayatem are^ that when mortisinit 
hard wood it is neceaaai^ to bore a hole for the chisel to enter, and ae the cbiaela in 
ordinary use Jam the chips into a compact mass, a third operation ia needed to dint 
the aoatiae of the chips alter it has hem slotted out by the fUbM, 
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Boffc wood can be mortiaed by a recipoeating chisel without previous boring, pro- 
vided the machine is so arranged that tne chi^ can be brought gradually down deeper 
and deeper into the wood after each stroke ; and some machines are even made, fur 
joiner's work, in which the chisel enters at once to its full depth at the first stroke. 
This is, however, very objectionable, as the chisel plunging at once 2 or 8 inches deep 
into the wood, causes a great jar, which throws an undue strain on the machine, and 
frequently bends or breaks the tool, which, moreover, having to be made very thick 
in ordw to stand such a heavy blow, wedges the chips so tight in the mortise as to 
make it ve^ troublesome to remove them. 

In the improved mortising machines working with reciprocating chisels, the 
above objections to this system,, have been greatly overcome by attaching to such as 
are used for hard wood a boring ap^ratus, which is fixed to the main standard of 
the machine in such a position that the centre of the au^v if always exactly in a 
line with the centre of the chisel, so that the piece after being bored is merely shifted 
along sideways to the chisel, thus saving the extra handling and separate a^ustment 
whi(m would be necessitiftcd if the boring were done at a separate machine. The 
difilculty of the chips jamming into a mass in the mortise is entirely obviated by the 
use of a new form of chisel, which is so constructed as effectually to draw each chip 
as it is cut. These chisels, although considerably more expensive tlian those in ord^ 
nary use, effect a i^reat economy, as in many eases where reciprocating mortising 
machines are in use it takes almost as long to knock out the core as it does to cut the 
mortise. 

The principle of cutting mortises with a revolving aUger or bit has the advantage 
of being readily applied to almost any other machine having a spindle revolving at a 
suflicient speed, but as from the revolving action of the bit the ends of the mortises 
are left round, a separate operation is needed to square them^out. There are, how- 
ever, many classes of work in which it is no disadvantage to have the ends of the 
mortise left round, as in posts for fencing, and many of the mortises which occur in 
cabinet and pianoforte work, and for suc^ purposes this system is recommended in 
preference to any other. It is also the best principle to adopt for very small mortises, 
especially in hara wood, as a reciprocating chisel of less than inch wide is very 
liable to get bent in work, and requires the mortise to be of considerable length for 
the tool to work dowu gradually to the full depth, whereas a revolving bit can make 
the shortest possible mortises, care being taken when using small bits not to put 
them so deep into cut as to cause them to spring, us in such case they will not make 
good work. 

Fi^a. 2671 and 2572 show two views of a new and improved mnehine, capable of 
mortising any description of timber, and adapted for the heaviest kinds of work. It 
is partic^arly recommended for railway wagmn and carriage works, the lar^r of 
the two sixes being capable of cutting a 2-ij^ mortise through a piece of timber 
12 in. thick. 

The carriage in which the mortising spindle works is fitted with a self-acting 
motion for bringing it gradually down, so as to enable the chisel to work deeper and 
deeper into the wom at each stroke, and it has a rapid ascending motion by which 
the chisel is drawn up clear of the wood when the mortise is completed. The chisel 
IS instantaneously reversed by a self-acting motion, which can only operate when the 
tool is clear of the work, thus preventing the possibility of its taming in the wood and 
10 rooiLiDg the mortise. 

The table on which the timber rcits can be readily raised or lowered to suit for 
thicker or thinner stuff, and it is supported immediately under the chisel by a very 
strong screw which takes the thrust of the cut. The table is fitted with cross slides, 
wh^ioh the piece can be readily adjusted into the r^uired position, and the top 
sude is fitted with a rack and pinion for traversing the timber easily under the chisel. 

These machines are all fitted with improved self-cleaiing mortise chisels, whi^ 
draw the chips as they are cut, thus preventing them firom jamming into a mass, as in 
the case where the ordinary chisels are employed. 

The boring apparatus is fixed in such a uMition that the centre of the au^ is 
always exac^ in fine with the cenbl of the miisel, so that the piece, after being mwed, 
merely requires to be shifted laterally to bring it under the chisel. The boring spindle 
has a vertical range to enable the augers tollesr through the largest piece ox timber 
whi<^ the machine will take in, and it can be used as 'a separate bmng machine when 
not required for mortising. , 

The handles which govern the various motions ore all placed oonvenientiy for the 
operator, and the marine is driven from a countershaft placed on the floor. 

Borina Mdehmea.—Tlht operation of boring wood by machinery is so exoeeding(Iy 
simple that it would at first sight appear hardly necessaiy to devote any space to 
the consideration of this subject ; but althougn, where the piece to be bored is 
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■uiHciently light to be readily handled and brought into the required position under 
the auger, the machine need only consist o^a spindle running at a suitable speed, 
with a ready means for bringing the anger into contact with the wood, yet where 
heayy timber has to be bor^ it becomes necessary to conslmct the machine in 
such a manner that the a^r cnn be adjusted and brought into any required position 
instead of moving the piece to the auger. The diflSculty of accurately a^usting 
heavy pieoes of timber under an auger in machines in which the boring spindle is 
statioBUiry is so great, that in some cases it is doubtful whether it is not almost 
as cheap to bore them by hand ; but where the auger can be readily a^usted to any 
desired spot on the surfhce of the timber, a veiy great economy of time and labour is 
effected. • 

As it is impossible, without incurring great expense, to construct a machine in 
which Uie auger shall travel throughout the whole length of a long piece of timber, it 
is usual to provide boring^ machines required for heavy work with a series of turned 
rollers, or a strong truck running on rails, an which the tnuber is laid to facilitate its 
movement endwise. This, however, although lessening considerably the labour of 
shifting the piece, does not overcome the d^culty of adjusting it accurately under 
the auger, and when it is considered that the time actually occupied in boring a hole 
of the largest sise by a machine is only a few seconds, it will at once be apparent that 
any provision which allows of the timber being brought rapidly into position under 
the auger will effect an in^rtant saving in time. 

A combined vertical ana horieontal boring machine is ehown,>^9. 2673 and 2674. 
This machine ie intended for railway carriage and waggon work, and for other heavy 
boring. 

It is furnished with a horieontal as well as a vertical epind^^, which enables it to 
bore holes in both directions without the timber riiquiring to be turned on edge. The 
machine will bore holes up to 3 in. in diameter, and both the spindles have snlhcient 
range to enable the anger^ to clear through a piece of timber 14 in. square. 

J^h auger can be rmily adjusted into any required position over the surf.ice of 
the timber, which, therefore, only requires to travel in the direction of its length. The 
table is fitted with a series of turned rollers connected by gear-wheels, so arranged 
tlut all the rollers are made to revolve simultaneously in the same direction by 
turning a hand,rwheel, and the timber resting upon them is by this means readily 
moved and easily adjusted. 

The table is made to pivot on a centre-pin for boring diagonal holes at any angle to 
the surface of the wood. 

All the hand-wheels which govern the boring spindles, as well as the one which 
travels the timber, are placed ^thin easy reach of the operator, who, standing by the 
side of the horizontal boring spindle, is in the most convenient position for seeing and 
adjusting the timber and augers. 

Cask Making. (Vol. i. p. 744.)— Since the article referred to was written, several 
new machines have been introduced, all of them tending to facilitate the process of 
making casks by machinery there described. Amongst the most remarkable are the 
works of the Messrs. BAVsom and Co., of the Stanley Works, King’s Road, Chelsea. 
Their cask making is very ingenious. The whole process is conducted within a single 
shed, where by sucoeuive machines, attended either by boys or by unskilled workmen, 
the itaves are cut out, shaped, and fitted ; the hoops punched, s^jed, and bent ; the 
heade planed, ovalled, and bevelled : and the several parte, fint roughly pnt toother 
by hand lalxw, compr^ed and ufflted with the greatest possible flrmnees. Kveiy 
portion of each eaek being fitted to the rest with mathematical accuracy, the com- 
pleted work is far better, strenser, and tighter than aayth^ which can be tamed 
out by the moet dulled band labour, and tna saving in ooM is even move remarkable 
than the improvement in quality. According to a calculation supplied 1^ the firm, 
the present cost of making 600 hogsheads a week by band labour would be 141i. 6s., 
or 4s. 8^ eadi, while the cost of making them by machinei^r would be 66/., or 
Is. lOd. each. In this estimate no allowance is mode for cools, oil, or wear and tear 
of plant, because the^total amoun^ of these expenses would be less than that of the 
truss hoops and other matters reqi&ed in a hand cooperage of the size supposed. The 
machine plant for 600 hogsheads a week imul^ cost 8,600/., so that the stated weekly 
saving of 86/. 6s. in labour would ailbrd ir very larg^ return upon the outlay, even 
without ooqddering the superior quality of the casks and the avoidance cf the 
breakage and waste of ifood wUoh occur in hand manufaotnrei The workmen whp 
are employed are none of them skilled coopers, and many of them work wdl when 
thev have had only a week's pvaotiee with the maohinae ; but the casks whieh thpy 
make, when sulgeotcd to the severest tasts, are deolaxed to be in eveiy respect entirely 
sntisfeotoiy. . • 
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Messrs. E. and B. Houfis, of Buffalo, E.Y., exhibited at the Philadelphia Exhibition 
a series of machines for makina tight and sihck barrels of different sises. The first 
operation consists of sairing off the staves to the required length, bj means of two 
circular saws set on one spindle, with the proper interval between them ; the staves 
are then passed through a machine which dresses both sides of them simultaneously. 
The jointing of the staves and cutting them to the requisite curve is performed by 
holding ^e stave against the side of a revolving concave wheel furnished with a radial 
cutter. The staves are then placed m a setting-up frame, which retains one end of 
the staves in position ; the barrel is then conveyed to a windlass machine, which 
draws the other end of the staves together by means of a wire rope passed round 
them, and a hoop is then drofiped over them. The barrel is then placed over a stove 
and heated inside, and then the hoops are fon^ on by a dressing machine. The next 
operation is performed on a working-off machine, where thb exterior of the barrel is 
smoothed and the groov,es and bevels for the reception the heads are cut. The 
noads are jointed on a ^heel and planed on one side only, and are then turned and 
chamfered, A machine is hlso shown for cutting shingles or barrel-heads, and for 
punching and riveting iron hoops at one operation. Wooden hoops are still made 
by hand. The sot of machines thus briefty described is for making tight barrels 
for containing liquids, and will turn out 500 barrels per day with one man in charge 
of each tool. The tools for constructing slack barrels for solids and small kegs are 
upon the same principle, with modified details. 

Rulb Maximo. — Although this is only incidentaUy connected with wood-working 
maehineiy, yet it belongs so essentially to this branch of industry, that we are glad 
to introduce a graphic description of the processes adopted at the works of the Messrs. 
JoHX Rabomb and Sow, of Birmin^^iam, given some time sinqS in Iron : — 

The various processes of rule making are exceedingly interesting. The first place 
to visit is the saw mill. Here is a large stock of boxwood. The trees are first sawn 
into strips of the requisite thickness, and are then thoroughly seasoned. When 
sufficiently dried the strips are cut again into the widths required for future use. 
They are then sorted out according to the quality of the rules to be made. 

The little strips of box are next subject^ to the two piocessw of cutting the ends 
and drilling. Pirst the quadrants are cut out to receive the joints, then the holes for 
the pins are drilled, then slits to receive the plates of the joint, and the recesses made 
for the brass tips at the ends to be fixed. By the use of admirably constructed 
maehineiy, the utmost accuracy as to length, cut, fit, and shape is secured, and the 
work is done with great rapidity. After ^e woodwork is all prepared, each rule is 
hinged and jointed, the holes for putting in the pins are drilled, and by an ingenious 
process are made so as to open straight a machine which secures the utmost nicety 
of fit, and when this is done the rule w re^y for filing off. A very pretty little 
machine makes the pins. A coil of brass wire of the required thickness is placed 
round a revolving dxiun, and the end passed through the machine, by which the pin 
is made. One little self-acting machine makes 800 pins per minute. 

One of the most interesting machines is one for producing the ' registered Vulcan 
joint.* This is in fhet, on adaptation to rule making of the famous eof^ng machine 
of Jahbb Watt. The device he invented for making or rather carving statues, &e., 
is here applied for the purpose of making a rule joint. It is almost automatic ; any 
pattern can be produced, and it is so simple in action as to be easily and readily 
worked by a girl. The sides of ^ rale are fixed in a cramp, and the cutting tool 
moves about with apparently intelngmit and sentient faculties, now cutting here, now 
catting there, as the pattern of the mint requires, and the work is finished with the 
utmost accuracy and precision. Nothing can be neater, oleansr, or more workmanlike 
in its result than the ' Vulcan Joint* thw produced. Tlie most important results of 
the application of machinery to rule making are the unvarying accuracy with which 
the work is done, by which all the parts are made interchangeable, and the consequent 
chemees of the articles produced. 

The wood beiog prepared, the process of joint making follows. There are two 
kinds of joints>-thelai^ joints aim the small ones. For the large joints long slips 
of brass rolled to the required thickness, yt rather thinness, are used. These are 
rapidly passed under an Unstable steam press, which is quite unique in its action. 
At eaw movement of the press a piece of brass of ^e form of the joint lequixod is 
eat out, and<drops into a rsoeptacle beneath. This is repeated until the whole of the 
idtp is cnt. A great Saving of ^tal is effected by the usa of t&e press, as compared 
with the old prooMi cf hand stamping. Each joint has to go through tcom eigot to 
ten'prooessip Mbn It is completed fw use. A very ingenious self-acting machine is 
also we holes in the joint. 

ThdMbdl joM Buide by self-acting maehineiy, and have t^pass through 

a laige nttmlMirsDlMooeBseB. The large joints of the rules made in this manuftiotoiy 
are dtAsent fgtm those used by other i^ers. Instead of, as is usnal in the trade. 
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tlif joint oeing composed of a thin centre piece, or middle plate of metal, between 
two thicker pieces on the onteide, and th^wood being cut away and thereby weakened 
to admit the centre plate» Messrs. Kanoxn's joints are composed of a thick centre 
plate between two thinner ‘outside ones; the wood is not reduced to admit ot its 
iMertion, and the great advantage of these joints is that in all rules tlius made 
the joints are the strongest and least destructible parts of the rule. Thus aocuraoy 
of fit, iuterchangeableness of parts, strength, and durability are secured by the very 
means which also secure cheapness of production. 

The wood having been prepared, the joints made and filed, the rules are then 
subjected to a process teehnieaily eallad * doing off.' That is, the fiat parts are filed 
and smoothed ; the hingee, joints, and tips being eomgloted by the machines before 
th^ are fixed. 

The marking and numbering are also interesting operations. In small quantities 
these processes are still done by hand ; and it is pleasant to see the speed and accu- 
racy with which skilled woikmen execute this important and delicate bit of handicraft. 
Their speed and accuracy are, however, greatly surpassed by the marking and dividing 
machines. The Messrs. Baboxh have three classes of these machi^ in operation, 
and the divisions into inches, eighths, and sixteenths, are made with an exactitude 
and precision which are almost incredible. By the simplest motion of one pert of 
the machine the inch is divided into eighths or sixteenths at the will of the worker. 
The numbers are also impressed with similar speed and exactness. The machines 
are small, and worked wiu the greatest ease. 

When the rule in made it has tu be polished, the lines blackened, and marked out, 
and then varnished. It is then ready for the market, and is the article which is 
known to nil mankind. All kinds of rules are manufactured by Messrs. Rajiumx and 
Son, from the long broad yard measure to the pretty small ivory fonr-foolding foot 
rule, which you can carry without inconvenience in your waistcoat pocket. 

A fair idea of the nature of rule making may be formed from tne &ct that every 
rule, in preparing the wood, making the joints and ends, and in coihpleting it for use, 
has tx) go through from forty to fifty different machines, and from sixty to one hundred 
dlslmot operations, according to the style of the rule. 

WOOB VBUBBVUro. (Vol iii. p. 1166.) It is found that uroods of slow 
formation are far more durable than such as are grown rapidly. The woody fibre 
itself is but little affected by the action of air or water, but the albumen and other 
bodies existing in the sap are very liable to decompose. Therefore the heart wood of 
trees, as being the most dense, is less liable to change, or to be attacked by insv3cts, 
than the other parts. Kesinous woods are also more durable than such as are non- 
resinous. Young sappy wood is liable to a rapid change, and is exceedingly attractive 
to insects. 

As a rule, it appears that those woods are the most durable which have been grown 
under a full exposure to sunshine, and with the free infiuence of air. Woods grown in 
close and gloomy situations are liable to attacks by insects and fungi. Of the latter 
the more remarkable are the Tdophora iamestica^ the Boletut wtructor^ and the 
CertAim vastaior. The acetate of iron is^said to be a remedy for these ftingua 
growths. 

By causing the root end of a fireshly felled tree to stand in a solution of sulphate of 
iron, bichloride of mercury, sulphate of copper, &e., these bodies are sucked up into 
the wood, and replace the sap. This methiM seems to be the one which gives the 
most promising results, and wood treated in this Planner with sulphate of iron be- 
comes extremuy durable. 

Wood Statnino. YeUtno or Orango Staint, — A fine orange tone is given to oak by 
rubbing it with the following mixture : — 8 ounces of tallow, } ounce of wax, and 
1 pint of oil of turpentine, mmted together. This must be applied until the wood 
acquiree a dull yellow polieh. After resting an hour a coating of thin £^noh polish 
is to be applied, and the above mixture is to be again used, and repeated until the 
proper tone is produced. 

Brown Status. — ^In all easee the natural coloun wood may be darkened by the 
use of either the alkalis or caustic earths. Aocordibg to the strength of the eolations 
em|doyed, so is the intensity of the colou^roduced. The resulting colour is to be 
secured by vanish or polish, the^ttsr bsmg preferable for fine wo^ 

BlacJk Stains. — ^A German trade circular describes two kinds of bla^ stain for 
wood :—>(!) The ordiaaiy black stain for different kii^ of wood ; (2) the black ebony 
stain £or certain woods which approach nearest to abony in haranea and weight. 
The ordinary black wood stain is obtained by boiling together blue Brasil wood, 
powdered gall-apples, and alum, in rain or river water, until it becomes black. 
Jliis Ikjuid is |hen filtered through a fine oegaasine, and the objects painted with a 
new brush bofbre the deoocrion fau ooolad, and this repeated until the wood appeon 
of a fine black colour. It is then coated with the following liquid A mikturo of 
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iron fllingit vitriol, and vinegar ia heated (withont boiling), and left a few dAjs to 
i^e. If the wood ie black enc^h, vet for the sake of durability it mnet be coated 
with a eolation of alam and nitric acia, mUA with a little verdlgrie ,* then a decoction 
of gall-applee and logwood dyes are need to ^ive it a deep bla^ A decoction may 
be made of brown Biuil w<^ -with olnm in rain water, withont gall-applee ; the 
wood ie left standing in it for eome daya in a moderately warm place, and to it merely 
iron filinge in etron^ vinegar are added, and both are boiled with the wood over a 
gentle Are. For this porpoee aoft pear wood ia ohoeen, which is preferable to all 
othere for black etaining. For the fine black ebony etain, apple, pear, and hasel wood 
^ recommended in preference ; eapeciallj when theee kinds of wood have no project- 
in|( veins, they may be succeufiilly coated with black stain, and are then moat complete 
imitations of the natural ebony. For tins compound 14 oas. of gall-apples, 8^ ozs. of 
ru^ logwood. If oz. of vitriol, and If oz. of distilled v^igris are boiM together 
witn water in a well-glazed pot, the decoction filtered while it is warm, and the wood 
coated with repeated hot layers of it. For a second coating, a mixture of 3f ozs. of 
pure iron flliup, dissol(red in f of a litre of strong wine vinegar, is warmed, and when 
cool the wood already blackened is coated two or three times with it, allowing each 
coat to dry between. For articles which are to be thoroughly saturated, a mixture of 
If oz. of ^ ammoniac, with a sufficient quiintity of steel filings, is to be placed in a 
suitable vessel, strong vinegar poured upon it, and left for fourteen days in a gently 
heated oven. A strong lye is now put into a good pot, to which is added coarsely 
bruised gall -apples and blue Brazil shavings, and exposed fur the same time as the 
former to the gentle heat of an oven, which will then yield a good liquid. The woods 
are now laid in the first-named stain, boiled for a few hours, and left in for three days 
longer ; they are then placed in the second stain, and treated as in the first. If the 
articles are not then thoroughly saturated, they may be onc^ more placed in the first 
bath, and then in the second. 

Wood aitd Thoob Impoetb.— Wood and Timber imported in 1876 




Fir, hewn 

Oak, hewn 

Teak, hewn 

Unenmnerated 

From Russia . * . . 

liOads 

816,860 

Loads 

3,796 

Loads 

Loads 

7,687 

II 

Sweden .... 

297,658 

— 

— 

2,728 


Norway .... 

810,012 

— 

— 

3,662 


Austrian Territories . 

— 

1,416 

— 

— 

II 

Oermaiqr .... 


50,888 


8,069 


France .... 

221,7114 

4,864 

— 




Uaited States of America . 

201,789 

7,854 

— 

2.946 


British North America 



— 



British India . 

— 


84,416 



Straits Settlements . 

— 

— 

810 

— 


British West Indies . 

— 


— 

639 

N 

British Guiana . 

— 


— 

8.256 

II 

other Countries . 

4,388 

227 

40 

— 



1,904,870 

136,951 

85,266 

98,289 



Sawn or split, 

planed o^drsHsd 


Staves 

From Russia 

Leads 

902,873 

T.o«ih 

108,276 

Loads 

10,901 

11,978 

„ Sweden 


182,868 

„ Norway 

66,972 

29,886 

„ Germany . r . 

66,679 

9.217 

84.718 

M Holland 

— 

16,486 


M United States of America 

»917,688 

6,668 

11,070 

„ British North America . 

1,118,269* 

6,668 

19,604 

„ Briti^ India .... 

— 

fi|12i 


„ Austrian Territories ^ 

— 



10,288 ■ 

„ other Countries 

6,922 

11,163 

1,422 


8,769,776 

868,417 

, 129, 818 
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Tom ValuB 

Uihoguy. ...... A2,481 £44«,Sft8 

UMDiimcntad . . . . iS.293 439,106 

Boom franiM, &o. .... — 71J00 

V€Um§ 4^ Wooii, 

HmFir : . ^4,664,619 

„ Oak 839,119 

„ T«ak 416,946 

Unannmaratad 198,789 

Sawn or splits 6^e., Fir .... 10,811,892 

„ „ Unenumerated . « . 727,913 

Staves 666,768 


In 1867 we impoited of hewn timber, 9,079.618 loads; of sawn or split timber, 
4,672,748 loads ; of Btavas«l 16.670 loads ; and of mahogany, 68,168 tons. 

VOO&. Although the term wool is understood genewly to mean the fibre pro- 
duced by the sheep, such being its meaning in fact in this article, yet almost eveiy 
animal with hair of any lengU also grows to some extent a quantity of wool next the 
skin. 

It must be understood that although often somewhat alike, hair wd wool are 
pntirely distinct in construction, most of the charMteristie features which give wool 
its commercial value being absent in the construction of hair. 

When examined with the aid of the microsc(^e, hair is seen to have a tubular ap- 
pearance, having a hollow or medullary in the centre of the fibre, the outer surface 
being smooth and slippery. This smoothness renders hair unavailable for many of 
the purposes for whicn wool is used— 'SS, for inatanee, in the manu&cturs of cloth, 
where the fibre is required to be milled, felted, or matt^ together. 

A few yean ago the manufacture of hair into anything like a respectable doth 
seemed almost hopeless ; but such have been the impxovementa in macninery of late 
years tliat almost any kind of hair can be made into a web of some sort, even such an 
unpromieing article as calf hair, concerning goods made firom which a lively discussion 
has recently taken place between the Customs oflScials of the United States and this 
Bountxy. 

Among the immense variety of hair, those which coma nearest to wool in their 
nature, speaking oommeroially, are alpaca, mohair, and camels’ hair, all of which are 
used in the wonted trade, the consumption of the latter having largely increased 
luring the last year or two. 

The fibre of wool preeents an enUrely different appearance from that of hair. Its 
form is not round, but irregular ; nor has it the hollow or meduUarv in the centre of 
t;he fibre as in hab. It is curly and elastic, and when examined under the microecope 
each fibre is found to be covered with small imbricatioDB or scales, which vary in 
number and shape according to the description and quality of the wooL These render 
it peculiarly liable to felt or mat together in process of manufacture, and are found 
in g|Mtest number in the short fine wools used in the manufkctnre of cloth where the 
felting property is a very desirable thing. ' 

There is some difihrenoe of opinion among those who have examined the etmcture 
Df wool with the aid of the microscope as to the numbw and variation of these imbri- 
uatione in different daeses of wool. 

We rive the result of the obeervations of oneMrty of observers to whose opinion 
we incline, which, though it may not he exact, wul yet a fair idea of the uffer- 
snee of structure in four well-luown kinds of wool. It will be seen that the coarser 
the wool the fewer are the number of imbrications per inch ; and as the finer wools 
sn known by practical experience to poesese the greater felting properties, it asems 
apparent from whence those properties proceed. 


Kindi of Wool 

SlsaetwoC 

Flbra 

lenfftlior 

liioL 

Uaadjj 

Saxony 

Long Merifao 

Sontn Down 

Leicester . . * . 


laob ^ 

IndMi 

8 

2,720 

• • • 

1 

It 

• >» 

2,400 

«2,080 

1,660 


For purposes of general claasificatioa all wool may be divided into three wineipal 
elaseei, vu., Leicester, or long wool ; Southdown, or diort wool, and bali^bted oi 
middle wool which is a cross between the other two. 
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The moet yaluable ot the luiu woole are those grown in the Eoet Bidinpr of Yort- 
ahire, Nottingham, Lincoln, ana Leicester. The superior yalne of these lies in w^t 
is known in the wool trade as lustre ; that^is, a peculiar silyety brightness of hair 
which it does not lose in process of manu&cture. 

This quality of lustre is only possessed by the four sorts named aboye, and a gmt 
quantity of the growth of Leicester and Nottingham must be excepted as not ^ing 
purely lustrous. The wool of Lincolnshire and the East Biding of Yorkshire, how- 
eyer, is only excelled in lustre by alpaca and mohair. 

It ie a remarkable fact that, with the exception of the four countiea named, lustra 
wool cannot be grown anywhere in the world. To cross any other breed of sheep 
with Leicester or Lincoln only imparts length of stapln but not lustre. In fact, the 
Lincoln or Leicester sheep, wften taken to any other part of England or the Oolonios, 
rapidly deteriorates in this yaluable quality. , 

The wool of a great many other counties, although not lustrous, is classed with the 
Leicester or long wool^ In fact, this breed, as climate nnd other circumstances 
suit, is &st improvii^ or superseding most of the other wool in England and other 
parts of the world. The desirable qualities in this class apart from lustre are, length 
and firmness of staple, which can be obtained by a judicious use of the Leicester ram, 
and soundness or strength, which may be secured by care and attention to the regu- 
larity of feeding on the part of the agriculturist. 

Midway between the Leicester and half-bred classes comes the wool of Northum- 
berland, Cumberland, and the good-bred wool of some parte of Scotland, as Caithness, 
Boxbuigh, dec. This wool is extremely valuable, combining as it does to a great 
extent length of staple of the Leicester with the fineness of hair and softness of 
the half-bred. This is known in the trade as North wool. ^ 

The next class in importance is the middle or half-bred cll?ss. The most valuable 
wools in this class are those grown in Shropshire, .part of Staffordshire, which is now 
a distinct breed, but which originates in a cross between the Leicester and the 
Shropshire Down, and Norfolk, which is a cross between the Lincoln and the South- 
down or Norfolk Down. 

The desirable qualities in this wool are softness to the touch, fineness of hair, and 
as much length of staple as can be obtained consistently with fineness. 

It is proper here to remark that the longer the staple and the heavier the fleece 
the coarser is the hair. Hence it follows that in those kinds of wool which depend 
for their value on fineness of hair, an increase of weight beyond a certain limit is not 
desirable. 

The third class is the Southdown or short wool. The bulk of this wool is used in 
the manufacture of woollens, from its shortness of staple it requires carding, 
which, as far as regards the worsted trade, is an extra process, a process which the 
longer wools do not require to go through, and which entails additional cost. It 
depends for its value on its softness and fineness of hair, the latter more particularly. 
The best wool of this class grown in England is the pure Southdown. For a long 
time the most yaluable and the most used of this class was the Spanish merino, 
large quantities of which were imported into and manufactured in this country. In 
1S07 total quantity of wool imported into this country was 11,473,000 lb., of 
which 10,291,000 lb. was Spanish. After a time this wool was to a greit extent 
supplanted by German or Saxony wool. In 1826, out of a total import of 
43,817,000 lb., 8,206,000 lb. was Spanish, and 28,931,000 lb. German. These, how- 
ever, have both been supplanted by^lonial wool oonsequent upon the introduction of 
the merino sheep into the Colonies in the beginning of this century, which caused a 
revolution in the growth of fine wool. In 1843 the imports of colonial wool 

3 nailed those of Spain and Germany put together, and in 1877 out of a total import 
417»781,436 lb., 281,006,462 lb. were Australian and New Zealand, agslnst 
300,000 lb. Spanish and 6,700,000 lb. German. Some idea of the value of the 
cobnial wool may be gained from the fact that some of it can be apun nearly twice as 
fine as the finest that can be grown in England. 

There is another large class of wool which cannot be included under any of the 
foregoing heads, which may be<oe41ed carpet wool, being used principally in the 
manufacture of carpets. This wool is ba^ bred, aili is the growth of very cold 
countries where a gW breed would not Ere, or is the produce of Eastern countries, 
where from mat neglect the sheep is very near to the oiiainal trom. which 

our present breeds are said to have sprung. The chief cnara4|^eristio is that each 
sheep grows two kinds of wool# A long coarse wiiy kind of hair prosents itsslf 'at 
the outer side of the fleece, covering a short, fine, and mossy fibre which gioue next 
the dtm, Xlnder this head may be classed Busaian, East Indian, loebod, the bad- 
bred Scotch, and many others. 

An element in aU bad-bred wool is the presence of kempe, a smdil white hair, 
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which M TCTV brittle and which will not take any dye. Wool containing kempe ia of 
mneh leaa value than the good-bred woola, which are alwaya firee. 

Thia may be etrikingly illuatmted ^fhe preaent (1877) value of Scotch wool. The 
deep good-bred wool ap^en of pieviuualy ie worth, lay, 16d. to 17A per lb., whilst 
the price of bad-brad Scotch or Blackfaoed is only, say, Pd. to lOd. per lb. These 
prices are for clean wool. The Scotch fisrmers, in order to protect their cheep which 
gnse in exposed situations from the rigours of a Northern winter, have a pnetioe of 
emearing p^ of their flocks with a composition of tar snd butter. This is called 
laid wool, and is worth from 25 to 50 per cent, less than clean. 

Tho skin of the sheep is formed of three layers. The outer cuticlo is a thin delicote 
membrane of a scaly eWaoter, and devoid of feeling ; ^e next is a mucous layer, in 
which feeling and also the colouring matter resides, imich imparts its peculiar tints 
to the hair ; the third, or true skin, is a dense, firm, and elastic membrane, flrom 
which the hair originates.* A small oup extends from the third skin to the outer 
cuticle, in which the hair || implanted, mwing, eo to j|PMk» in a kind of floim-pot, 
and receiving nourishment mm eurrounding vessels. The growth of the hair is from 
the root, tho outer end preserving its character Arom its flrrt appearwoe through the 
skin ; the pointed and curly appearance of the wool of the lamb being still apparent 
when the sheep is clipped, as a hog in the second year of its age. It is this fact 
which enables the woolstapler to tell with perfect ease and certainty the difference 
between the hog or first clip and the wether, which is the wool from the sheep which 
have been clipped more than once. 

Tho skin is studded with sm^l glands, or what are called Bcientifleallv, sebaceoua 
follicles, from which exudes a fine yellow soapy substance called yolk. This valuable 
suUtHiice is found in greatest abundance in the Southern and finer wools, and gives 
softness of touch to tlie hair. It seems to be a kind of soap provided by nature for 
the proper washing of the wool, ae it is largely composed of potash and is found in ita 
greatest quantity about tho time of sheep- washing iu the month of May. 

Many agriculturists lose sight of this valuable substance, often Pushing their sheep 
in n largo body of water or in a ruuning stream, thereby losing the valuable scouring 
quiilitios of tho yolk. 

The best way of washing is in a large tub capable of holding five sheep, in which 
the water should not be changed but allowed to get us grttasy as possible. After the 
first three or four lots tho wool will l>e beautifully white and clean. After being 
thoroughly rubbed and scoured in the first tub they should be plunged into a second 
containing clean water or into a running stream, so that they may bo properly rinsed 
out and cleansed from all impurities. 

Within about a week of washing, or ten days at most, the sheep shoiuld be clipped, 
as, if they are allowed to run longer, the yolk again largely exudes from the akin into 
tho wool. 

The time of clipping is now much earlier in England than formerly. It commences 
about June 1, and is generally over throughout the country before the end of the 
month. 

When the eheep is clipped, the wool is, or should be, carefblly cleaned from dirt, 
straw, &c. The fleeces are then rolled up separately and fketened by a bund, 
generally mode by twisting part of the fleece and tying it round the rest. This is 
called winding, and after ^is process it is ready for the market. It is then sold to 
the woolstapler or spinner. For ita treatment in their hands, see article Wohsthd. 

The foregoing remarks apply to fleece wool, or w»ol that is clipped from the living 
animal. 

There is, however, a large quantity of wool called skin wool, which is obtained 
from the skin after the death of the sheep. The skins with the wool on an^ sold by 
the butcher to the fellmongsr, who washes them, and sprinkling them with lime 
or other preparations loosens the wool from the ekio, so that it can be pulled off by 
hand. 

If pulled late in the season when the wool is equal in length to the fleece wool, it is 
used for the same purposes, but from havii^ lost its lustre and liveliness of appear- 
ance, and also because of the presence of lime, and%flberaily a larger amount or dirt, 
it is inferior in value, general l^teting about 2d. to 2d. per Ib. leas than the fleece 
wool of the earns length and deecription. ^Vbe short skin wool, i.s. what is palled 
srjon after clipping time, is used ilifthe carpet, woollen, and hosi^ tradee.. 

Another kind which^does not come under the bead of fleece is lambi^ wool. It is 
found beneficial in some of the southern counties o^England, and in some of the 
colonies, to clip the lambs at the time of clipping the full-grown sheep. This wool 
is used in the nosiery and woollen trades, the finest colonial Umbswool being used 
the mannflicCare of felt hats. 

Alpaca and illohair now occupy an important place in our manufactures. From 

VoL. IV. 8 B 



their remarkably bright and stlreiy qualities they are of ^eat ralue, the present 
priees (October 1877) being alpaca Is. lid. per lb., and mohair 2s. lltf. per lb. They 
are need in thie manx^aotnre ox 'what are knoiPn as alpacas, lustres, and Orleans. 

To the nak#Mye they have a somewhat similar appearance^ but when examined 
nnder the microscope the stmcture of the hair is fonnd to be different. Both are 
imbricated in the same manner as wool, though in a much 1^ degree, but alpaca has 
also the medullary or marrow in the centre similarly to ordinary hair, while mohair. 







ihn>iig1i tho nieiOBonpa m traniparent objecta, the markiitge of the outer edge of lh§ 
fibre areeeen. Viewed aa opaque objeete. the oiarkings of the entire euTfaoe are Tiaibhp 
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Fiff, 8680 IB from Dr. CARTmmeB’B Miorotoope^ p. 740. Fiat. 2681 to 2684 am 
toagnified 810 diameton by Toixifs microscope, pootogmphea for the Wool Mana- 
faetorer^ Association of the United States, ros. 2686 and 2680 are magnifled 400 
diameters, and show the difference between mohair and ordinary word both of the 
•ame fineness. FiM. 2687 and 2688 are magnified 200 diameters. — J. W. T. 

Wool, Chemioal Fvarifieatian qf . — ^The removal from wool of the so-called * burrs/ 
ij. fragments of straw, thistles, and other vegetable matter, which, getting entangled 
in the fleece of sheep, accompany the wool tlmugh all stages of its manuiafctnre, is a 
matter requiring attention. As the bnrrs do not take the same dyes as the wool, the 
goods must either be submitted to a separate process of burl dyeing, or the spots must 
be touched with special solutions maoc for the purpose — * burling inks* — or, lastly, 
the burrs must be pludked out^y hand with pincers. Processes ^ve therefore been 
patented, by FanToiv and Gbokb in England (1863), and by Ttabt and Lbcottv in 
Prance (1864), for destn^ing these * burrs* with acids, ^he process consists in 
steeping the wool, either raw or woven, in sulphuric acid at^° or 4** B., draining it in 
a centrifugal machine, and''diying it in a stove at 100**. The authors have examined 
all ciroumstanoes of this process : they find that the addition of alum and salts of tin 
to the destroying acid has no TOod effect, and greatly interferes with the subsequent 
dyeing operations; that the wiining in the centrifugal machine cannot safely be 
dispensed with ; and that the following limits of heat, propoition of acid, and time 
of action, cannot Sifely be exceeded. If the stove is at 80** C. and the g^s are to 
be heated two hours, the acid may run from to 4^ litres for 100 of water; if it is to 
be heated only half an hour, the acid may range from 3 to 7 litres. If the stove is at 
110°, the acid is 1 to 8 litres per cent, for two hours, and 1^ to 4^ for half an hour. 
If the heat is 160°, the acid should be 4 to 1 litre j^r cent, for two hours, and 1 to 
1^ litre for half an hour. Yexy prolonged washing with hot wa^w, alkaline solutions, 
and cold water, is required to remove all superfluous ^id after the burrs are destroyed. 
Without great care the nature of the wool is affected, and its affinity for dyes en- 
feebled.— Duclaux, Lbguabtxeb, and HArLiN, Chemioal Newt, July 10, 1874. 

Vtiliaing Waste Water from Soouriiig . — ^Daudbnaut and Vkbbkrt have a patent 
process for ntilising the waste water after scouring wool. The water is mixed with a 
solution of caustic baryta os long as a precipitate is formed. When this has settled 
the clear liquid is drawn off and evaporat^ to dryness, and the residue ignited, 
yielding a mixture of potash (or soda), with a little chloride of calcium. The fatty 
acids are separated from the precipitate by means of hydrochloric acid, washed, and 
pressed. The solution of chloride of barium is mixed with hydrate of magnesia until 
all the baryta is precipitated, and then the carbonate of baryta is reconverted into 
caustic baiyta by ignition with charcoal. — BsiiCACcif's Fdrher Zeitvng, No. 44, 1878. 


Wool Imports. 1876 and 1876. 



1675 

1870 

Alpaca, Llama, and 
Vienna. 

From Peru . 

Lb. 

8,61«>,068 

164,741 

Value 

; e 472,761 

Lb. 

8,116,614 

Value 

£346,899 

„ New Granada 

22.794 

— 

— 

„ ChiU . . 

397.406 

66,807 

839 809 

48,320 

„ other Countries . 

908 

8 

32.113 

3,027 

Total 

4,162,308 

/:661.870 

8,487,436 

£308,266 

Shetp or Lambs. 

From Russia, North 
Ports 

8,648,110 

£169,488 

2,680,267 

£126,447 

„ Russia, South Forts 

11,4^26 

2.86^29 

667,202 

10.267,024 

468,000 

„ Denmark • 

164.116, 

, 2,746,462 

161,642 

„ Germany . 

7,820,760 

. 609 , isr 

8.871,649 

677,460 

„ Holland 

1,369,426 

• 90,211 

8,168,297 

201,668 

176,106 

Belginm . 

2,666,820 

177, 8 OT 

2,891,000 

„ France 

1.648,206 

87,027 

1.676»627 

98,167 

„ Portugal 

1,460,664 

76,781 

1,669,144 

76,178 

„ Spaiq . 

642,481 

30,967 

— 

— 

Italy • 

177,827 

9,266 

87,778 

6,221 

„ Austrian Terri- 
tories 

699.189 

34,267 


* 6,674 
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1874 

Sheep or Xfluifts— (cont.). 

Lb . 

Vnlue 

Lb . 

70100 

From Turkey 

6.664,094 

£271.184 

6,969,146 

£207,789 

„ Wallachia and 





Moldavia 

810,488 

16,102 

— 


. %7Pt 

2,247,769 

100,362 

3,660,808 

142,840 

„ Morocco 

2,661,096 

124,762 

2,100,278 

86,004 

„ China. 

492,223 

22,806 

602,420 

20,868 

„ United States of 


84,^1 


America . 

708,196 

848.410 

21,206 

„ Peru . • * • 

2,918.783 

146,681 

8.132,061 

166.386 

„ Chili . 

860.021 

28.602 

227.818 

16,227 

„ Brazil a 

867,436 

16,647 

172.380 

6,147 

„ Uruguay 

1,110,820 

45,646 

1,006.460 

47,168 

„ Argentine Kepub< 


07,638 

2,668,268 


lie . 

2,744,840 

06.428 

„ Gibraltar • 

860,638 

40,067 

186.489 

6,641 

„ Malta . 

’ — 

— 

112.840 

6,126 

„ Britidh Possessions 




in South Africa 

44,112.213 

8,007,046 

42.168,317 

2,766,401 

„ British India, Bom- 




bay, and ^nde 

22,680,126 

962,400 

24,418,416 

086,001 

„ Australia . 

238,631,716 

16,041,871 

263.860,167 

16.646.769 

„ Falkland Islands 

672.606 

86,288 

864,164 

42,212 

„ other Countries . 

£64,006 

41,700 

707,116 

80,664 

Total 




£28,244,664 

Oiher kinds and Wool 
Flocks, 


■■■ 



From France . • 

208,826 


181,978 

£0,278 

„ other Countries . 

232,766 

HBSSf 

147,660 

8,106 

Total 

681,680 

£14,474 

820,628 

£12,888 


Woollen Yarn, 


For Ftmey Furj^ooee, 

From Germany . 

„ Belgium 
„ Franco 
„ other Oountrieo 


For Weaving, 

From Germany . 

„ Holland • 

„ Belgium . 

„ France 


Unenwnerated* 

From France 
„ other Countries 



Total 


^18,181 


£ 36,866 
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WORSTED AND WORSTED STUFFS 


Wool imported in 1877. 

o Lb. Value 

From Countriee in Europe .... 36,939,663 ^1,949,033 

„ liritieh PosBesBioiis in South Africii . 41,622,420 2,741,410 

Sheep and Lamf}8. 

From Briti oh India 21,608,366 864,088 

„ Australia 281,006,462 17,603.681 

„ bthor Countries 24,013,300 1,006,482 

Total. ^ . . . 406,940,161 

■ Lb. 

Alpaca, Vicuna, and Llama .... 3,661,806 

Goat's Wool or Hair 8,270,4'89 

Woollen mgs to be usej[] as Wool . . . 76,010, /380 

Woollen Yarn , * 12,940,117 

VOmSTBB AWB WOmSTBB BTVrTB. In the earlier editions of tliis 
'work the worsted manufacture was included under the head * Woollen Munufactiiro.' 
This arrangement was then nocossai^ in consequence of two industries existing 
side by side and many of the operations being somewhat similar. The worsted trade 
has now become such a largo and important one, and is differentiated in so many 
piirticulars iiom the woollen trade, that it becomes necessary to treat it separately. 
'Ibis article, however, must be read in conjunction with tlie articles Whatino, p. 1 1 10, 
and WooLUBN Makufacturb, p 1167, in the third volume of the seventh edition. 

Worsted is the cloth made entirely of long wool. Autho^ios differ as to the 
origin of tliis name. The common opinion is that it is derived from the town of 
Worstead, in Norfolk, where it was first made. ButHhe probability is that the town 
was called after the trade, and not the trade after the town, as in some old documents 
the town is called Wolstede, or place of wool. 

Worsted goods, of which both the 'warp and weft consist of long wool, have been 
manufactured in different places in this country, but early in the present century tho 
trade seems to have fixed itself in Bradford and the surrounding district, 

Ootton warps were introduced about tho year 1834, and their use rapidly increased ; 
and at one time it might be said that the entire of the production of the worsted 
district consisted of goods of which cotton formed the warp. Those goods are desig- 
nated ^nerally worsted stuflfe, -with an infinite variety of particular names. It is 
from tnis point that worsted must be considered as commencing its existence as a 
separate tr^e. 

The qualities of felting and milling in wool, which are so much sought after for 
woollen goods, are not required for wonted, and would in many casps bo a positive 
disadvantage. As -worsted stuffs are chiefly light and thin materials, used for ladies' 
and children's dresses, or for the linings of coats, the -wool used in their munufactiiro 
must be long and straight, so that when woveu with the cotton warp tho surface may 
bo flat, smooth, and firm. 

A concise statement of the treatment of long wool for use in the worsted trade is 
from a paper read before the Wisbeach Chamber of Agriculture.^ The figures are 
correct^ up to the present date (1878): — 

* Wool is generally bought from tne farmer by the woolsiapler, who first of all 
divides the hoggs from the wethers, ^kes out all cots, unwashed skins, and black 
fleeces, generally selling each lot to separate branches of the trade. This we call 
classing the wool. The next process is sorting, which is sometimes done by the 
stapler, and sometimes by the manufacturer. Each fleece contains about eight sorts, 
viz., three short and flve long. The method of proceeding is os follows : — The sorter, 
who works by the piece, and has about 6s. per pack, or one farthing per pound for 
his work, first takes and untwists the wool hand, and rolls the fleece open on the 
floor. V^en he has got it properly open he divides it do-wn the beck, from the tail 
to the head, in two equal parts, jpig then gathers each side oarefiiUy up, making 
it into a kind of roll, and la^ it on a pile. When he l^s'opened what he considers 
■nfficient he begins to sort He takes a side up and puts it on his board, which is a 
kind of table about 9 feet long, having three small cojppartmeots or bins underneath 
for the short e^rts. After having nided off the straws, which ought to have been 
picked out hy the winder, and cut^ne dung off the tail, which ouj^t to have been cut . 
off by the shepherd, he proceeds by pulling off the short wool, which those who have 
clipped sheep will Iwow grows from the throat down underneath the animaL These 
he dxvidgi into tliMee sorts, which are known as shorts or brokes, and are called re- 
■peetivily downrights, seconds, and abb, the best being that grown nearest the head, 

■ Mr. J. W. Toniran * On Wool,* June 13, 1871. 


£24,204,696 

Value 

£362,622 

932,147 

760,343 

1,640,187 
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•nd the worst nearest the taiL Sometbnes^ in Tery fine fleeees. a fourth short sort 
is mad(», which is called head, and is hotter than the others. These short wools are 
all nsed for the clothing trade, that is to say, they are made into cloth, had not 
worst^ stuiC ^ving got off the short, he begins to divide the rest of the fleeos 
into its proper long sorts. These sorts are called by different names in difbreat 
parts of we conntiy. In Bmdford we call the sort nearest the tail breech, the next 
Drown, neat, blue, and fine. In order that these divisions may be more thoroughly 
understood, 1 will call them by the names which the spinners give to the gams into 
which they are spun, and you will seo the reason for this when 1 come to spesh of 
spinning. The lowest sort, as 1 said before, is that over the tail, which I will call 
24*8, the next SO’s or brown, next S6*e or neat, negt 40's or blue, and 44 ’b or flue. 
In Lincoln fleeces there is very little 40’b and no 44*b. From the followins particulars 
you will be able to judgwof the resnoctive values of different kinds of fleeces to tbs 
woolsfaplor, in proportion to their fineness, and the amount of tho dearest sort they 
will produce. * 



Fire Long Sorts 

Tbm Bhori Barts 


• 

Namo and QuaUty of Sort 


1 

3 

A 

1 

Brown 

1 

{ 

1 

Abb 

i 

44*1 

40's 

86’b 

80*1 

24'a 

■ 

■ 

■ 



d. 

d. 

d. 

d. 

d. 

d. 

d. 

d.' 

d. 

Presont (1878) value per lb. in 










vethor sorts .... 

m 

18 

Kin 

15 

13 

14 

11 

8 

2 

Bo. in hogg sorts ' . . . 

g 

19 

in 

16 

14 

14 

11 

8 

2 

Name of Oonnty as under 

Feroentoge of above Sorts as under 

Lincoln hoggs .... 

■1 

24 

50 

15 

7 

n 

2 


1 

Yorkshire do 

6 

30 

38 

15 

7 

k] 

1 


1 

Leicester do 

8 

34 

30 

16 

6 

Bi 

8 

2 

1 

Northumberland do. . . . 

0 

25 

36 

15 

7 

3 

8 

1 

1 

Nottingham do 

7 

24 

35 

20 

7 

2 

8 

1 

1 

Norfolk do. 


25 

10 

10 

7 

3 

3* 

1 

li 

Lineoln wether .... 

H 

12 

50 

25 

7 

2 

2 

1 

1 

Yorkshire do 


36 

40 

12 

0 

2 

2 

1 

1 

Warwick do 

4' 

31 

40 

12 

5 

a 

2 

2 

1 

Somerset do. .... 

4 

85 

29 

18 

0 

2 

8 

2 

1 

Kent do 

66 


10 

7 

4 

i 

« 

4 

4 


When the wool is sorted tho sort rrauired fov^nse is taken to the u^h-honse, and 
placed in a large iron bowl full of boiling water and soap. Here it is stirred about 
with forks, unW every particle of grease and dirt is boiled out of it. It is then placed 
between zollen, heavily weighted, eo ae to squeese sU the water out of it, and is caught 
at the other side by a revolving fan, which partially dries it and scatters it over the 
room, and it is afterwarde thoronghly dried by means of hot air. I shall not take np 
your time by attempting folly to desmbe the machinexy of the snoceedixur processes, 
but will show vou samples of the result of each process on the wool. Toe first is 
preparing, which is getti^ the locks of wool to lag even and regular ready for the 
comb, combing machine is perhaps the mo^ enforestinff machine in the worsted 
mannfoctare. It consists in the first place of what is called the comb head, where 
the machine is fed with wool, and is comgpeed of a number of straight pieces of steel 
filled with pins, called fallers ; these are cootinusUy moving forwm oy means d a 
worm at each end, ud one by one foil down at one end ana rise up atfihe other end 
of the worms, and tSe wool is by this means drawxHfowards the nip, travelling aboiv 
14 inchee. The nip, which is a piece of mechanism very much resembling the human 
hand, draws the wool in handfuls, so to speak, firom the follers, and Isjw it on the 
comb ; by this means one end of the wool is combed. The comb conrists of a laiga 

■ These piiofli are far lustre sorta * Not spun in the uoiited trade. 

■ Dnag, ho., shoddy. * Leas than halt per cent, of each Short sort. 
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eof^r circle, studded with pine which point upwards, the circle revolring horiEontally 
(see fig, 2596). The wool, as it is laid on the pifes of the circle, is knocked to the bottom 
of the pins by a brush, and from the circle a pair of rollers draws the long hairs of 
the staple out into one long continuous sliver called top. The short wool is left in 
the comb a few seconds longer, and is scraped out by means of a kind of self-acting 
knives ; this is called noil. 

* I average bright wool, say, of 36’s quality after the process of washing and combing 
frill yieldl^Top, 11 lb. 18 ozs. ; noil, 1 lb. 3 ozs. ; sinkage, 8 lb. ; total, 16 lb. 

* !mm this TOint the top goes through two distinct processes — drawing and ro\Mng — 

passing through one or mure machines in each. These may be describe ns a process 
of attenuation ; the top in drawft out a little and given a slight twist by each machine, 
so that, in poetic language, it becomes, Smaller by degrees, and beautifully less," 
until it gets into yam. • 

* Spinning is a most delicate and scientidc operation, and requires the greatest cal- 
culation and care. An exj^lanation of this will show you tnat sorting is not n mere 
fanciful proceeding. Wo will suppose that 40’s is the sort selected, which, as I told 
you, is practically the host sort off a Lincoln fleece. After having gone through the 
other proceases the spinner has a well-doflned task to perform, viz., to spin a certain 
weight to a certain length. The term 40 *b means that there are forty hanks of yarn 
to the pound, each hank measuring 660 yards. So that in a pound of 40*8 yarn there 
are 22,400 y^e, or nearly 13 miles (12 miles 1,280 yards). It would be impossible 
to get this length from 1 lb. of wool off the tail of the sheep, as there is not hair 
enough to do it, and that is the reason why wool is sorted. Perhaps you will see it 
mure clearly by having it calculated out. Breech wool will spin to 24 ’b, that is, 
twenty-four hanks to uie pound, which produces 18,440 yartls, or nearly 8 miles 
(7 miles 1,120 yards). 

‘ From this you have the startling fact that 1 lb. ?>f wool off the shoulder of .a good 
sheep will make 6 milee more yarn than 1 lb. off the breech of tho same animal.’ 


Annexed is a sketch of a Leicester wether 
fleece, the dotted lines showing tho probable 
point of division between the different sorts. 

The full list of processes through which 
wool goes before it becomes yam are as fol- 
lows: 1, washing : 2, drying ; 8, preparing ; 4, 
combing: 6, drawigg; 6, roving; 7r spinning. 
In drawing and roving there are sometimes 
modified iutermediate proceeses to euit special 
requirements. 

As, however, several of these proceeeee are 
thitic^ in the article on woollen manufacture 
previously referred to, we shall only notice 
in the present article machines which, being 
distinctively worsted and modem, have re- 
ceived no notice there. 

1. Waahif^.— lu the newest machineiy the 
wool is not now stirred about by hand, but 
^ automatic forks, as shown in fig, 2690. 
The wool is placed upon the leather apron, a, 
fSrom which it is passed into the eud tank, 
B, and paeaed forwm by the forks, b, passing 
in its course under the weighted squeesing rollon, o, and being Anally thrown out| 
partially dry, by the revolving fan, n. 

2. Most of the old systems have now given way to the hot-air drying 
machine, which does the work much quicker and more efiR^ctuiuly. 

The one shown {fig* 2091) is the manufimture of Messrs. J. and W. MoNauoht, 
of Bocbdale. The sufiMe of tlie machine is an open wire trellis-work, a, underneath 
which are a number Of steam cylftlbn fed from tne pipe, b. The heat given off by 
the (^linden is driven thiough the wire work by meant of revolving &iw, driven by ' 
the curums, o. At n the machine is shown^^vised with wool. 

3. — Instead of the carding process usM in the woollen trade as a pre- 
liminary to combing, the wool is^iffter d^ng, submitted to a proe^ called preparing, 
by being passed thr^h maohiAs oallnd g^Ul boxes. The mscEine {fig, 2692) is M 
at A, the wool passing over a number of iron bars stndded with stem pins, called 
Adlers. These move forwards by means of a spiral screw at each end, and are so 
constmcMIhat, when the journey forward is completed, they fell on to a lower dido, 
and ora Ul^ moved back another screw, on reaching the end of Which they are 
shot up into position as at first. The effect of this is to pass tbe wool forward on to 
a aheet revolving upon the rollers, b b. 
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1 Im tbe stAples flat and resolves the wool into a continuous mass, 
which is taken off the sheet from time to lim%and put into the second machine {fitj, 
2698) at A. The process here is the same as in the previous one, except that the 
wool is pulled out a little more and dehvered into a can at b, instead of on to a 
sheet as in the machine, fig. 2692. 

2591 



2692 
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The nMdib« here ebown (Jig 3504) le n&ntifoctared by Meesn SuiouirroH, 
UoTu, and Oo., of Keighley, abd ooot^lDS a)! the lateit improvementi. It ii fed 

2504 
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with prepared wool at a, which pooftos over a series oT fallers, at the end of whioh it 
is seized by a nip, n, which draws ou^a ha«dful, so to speak, and places it upon the 
comb circle, c, into the teeth of which it is struck down by the brush, o. As the 
comb circle moves slowly to the right, the long hairs of wool are drawn out of the 
comb teeth by an arrangement of leather bands revolving over rollers and working 
face to face. These leathers deliver it t9 the rollers, n, from which it passes into 
cans. This portion is called top, and is thinly x^rt used in the worsted trade. 

The short hairs are lifted out of tlie com^eeth by stationaiw knives, placed a little 
past the leathers, passing into a box below. This short wool is called noil, and is 
used for woollen and other purposes. 

Several parts of this macnine are separately patent. Among others the nip, b, or 
at all events its circular shape, is the patent of Messrs. W. Buspiicld and Sob. 

The most modem combing machine in general use, forscombing wools medium 
leng^ which it ii thoi^ht desirable to card, is tile round comb, manufactured by 
Mem. Tatlob, Wobmwobth, and Go., of Leeds {Jig *2695). Four balls of the 
carding, one above another^* are placed upon each set of the loose rollers, a, an end of 
the ozraing passing throueh each of the holes, b. As the entire outer framework 
of the marine moves round, each end of the wool is successively dabbed down by the 
brush, c, its subsequent treatment being similar to t^at in the square comb. The 
top is d^ivored by the funnel, d, and the noil into the boxes, b. 

This comb is double in its action, having two smaller comb circles inside the larger 
one, the point of contact between these being just under the brush where the real 
combing work is done. It is hardly possible to describe this machine. It must be 
seen to be understood. 

The wheel, o (Jig. 2605), which prevents the wool from jasing while being drawn 
from the larger comb circles by the smaller ones, is sometimes replaced by a stream 
of air conducted to the place by a tube. * 

In a new patent the working of the brushes by the crank motion, f f. is superseded 
by a belt working from the wheels at f p, and revolving a cam to which the brushes 
are attached. It is said to be a great improvement, but is not yet in general use. 

The principle of the round comb is shown in 2606. a is the large comb circle, 
B Bthe small comb oiicles. The wool is padded on to both combs at c. Both revolving 

2506 



in%lie same direetaon, the smolllhtomb draws the wool out bfldho'^laiger, thus eombing 
one end of the wool. The combed end is ^en seizdB by t^vxoUeis, d n ns, which 
draw it out of the smaller comb, tSius Stontbing tlm other end. It ie thm, means 
of leathers- oonvsyed away in a continnons sliver. ^ 

.d and 6. Bravoing aond Instead of the breaking fraiie (fig. 2l27t vql. iii.). 

machinM which in uieir tarlieretagee are a refinement of tne preparing box previously 
noticed are us^ called drawing boxes {Jg. 2608) and roving framea (fig. 2507). In 
nntik lit thbas ^rocesaes the wool beoomee Bl^;htly more attenuated, and reeeives a 
slight twiet. -final twist being given it in spinning. 

7. ordinary flyer spinning frame, the prlhciple of wnich ia described 

|u pre^oifS^lM, is a modification of the roving frame, fig. 2607, the yam being 
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necind I 9 bobbin harug • flange at the bottom only. See Srunam, and IV onuw 
Mavufactubs. 

f6$7 



A modern mAchine in general uee for spinning the finer yams is the eap frame, a 
steel cap taking the place of the flyer spindle. This cap is placed loosely over the 
bobbin, allowing the yarn to go in at the bottom, so that as the bobbin fills with yam 
the cap rises, the wrapping of the yam oi^ to the bobbin being thus even all the way 
np, and finishing at the top. 

Weaving .— 2098 and 2699 may conveniently be taken as the basis of illustra- 
tion for some general remarks upon modem looms used for weaving plain and fancy 
fabrics for the worsted trade. It will be seen that great strides have been made in the 
excellency of this class of machinery since the article Wax vino in vol. iii. was written. 

Plain or one-shuttle looms are mode in all widths, from 24 to 180 in. reed space, 
and are built in two methods, viz. &st reed and looeo reed. 

Fast-reed hxnne are generally used for heavy goods, whore stability is required, and 
also in nearly all plain looms above 60 in. reed. The motion coasiets in Wing the 
reed a fixture, so as to obtain firmness in driving up the weft. This motion ie so 
arranged that, should the shuttle be prevented from reaching its proper place before 
the beating up of the weft, a stoppage of the loom enevee. Thie ie accomplished by a 
lever which projects into the reoeei xw the shuttle ; and should the shuttle be absent, 
the lever comes in contact with a casting, capable of sliding in a socket and eommnni- 
cati^ with the drl^ng apparatus, a, and break goation, disconnecting the one imd 
bringing into operation the otUtr. 

LWe-reed looms ara generally used fog light fabrics, and where great speed It 
required combined with ease in o^ion. The reed is swung by its top in a recess of 
the hand tree, h, the ^wer and free end being kept at ite^ioper plac# bj a levers 
which, when driving up the weft, is locked, to obttfn fMiBient strength for that 
purpose. Thie motion is so arrang^ that, should the shutue stop during its pawge 
fiom one side of the cloth to the other when the slay, or reed, is moving.to wve 
the weft, the shuttle comes into contact with the warp and reed and displaces the levar, 
whereby the Auttle ie prevented from doing any damage to the warp. At the sonw 
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time that the le^er ia depreaaed it oomea into comronnication with the driving motion 
and break, and atopa the loom instantly. 

The treading motion is placed at the opp&ite end to the dnving motion, and con- 
sists of a series of treadles worked by cams, occ^ communicating to the healds 
through an equal number of horizont^ shafts, pp, placed above the loom, having 
attached to them levers for raising or depressing the healds, the number of treadles 
so employed varying from 2 to 12. 

The motion for pckin^ the shuttle is arxsnged in two vrays, the one most in use 
being termed the overpick. It consists of a cam, e, being placed on the second 
motion shaft, f, which oscillates an upright shiifb, to the top of which is fixed a 
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horizontal arm of wood, ^ g. To tha firee end is attached a leather strap, which at the 
other end is fixed to a picker sliding on a spindle, A, for driving the shuttle. 

In the letting-off motion the unwinding of the warp from the beam, i, is regulated 
b^ friction, a piece of rope being wound round the em of the beam, commuaicating 
with a lever and weight of the third order. Faction is also employed in the setting- 
up motion. An iron cylinder, r, with a rough surfhce, revolves by means of wheels 
worked by a pawl and catch-wheel, the intermediate wheels being made to change so 
as to obtain any degree of fineness required. The woven piece passes partially round 
the cylinder, and is conducted on to a wooden roller, x, held in contact with the iron 
cylinder by mesas of levers and wnghts. The weft fork, 2, is a piece of mechanism 
/or detectuig tbs absence of the weft. By the action o£ the slhy the weft threads are 
carried in suecssiion to be embedded wjtn^a warp, a^ a deliMtely-poisod lever in 
communication with the driving motion, h^ng a nohob at one end, is suspmided ready 
to M for the presence or absence of each inm vidnal shoot of weft. Should the wen 
be abeent, the notch in the Iswer ia caught by the receding Movement of a lever 
worked fr«^ the second-motion shaft by a tappet, which instantly stops tl^e loom, and 
at the same time prevents the piece being drawn forward by lifting the pawl operating 
on the oatsh^islMOl. 




le perfectly plain one-shuttle loom for weaving Orlmms, corduroys, 
I serges, dm. It has been brought to great perfection and can be 
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worked at gnmc speed. The foregoing references to figs. 2696 and 2699 apply also ta 
this loom. 

Fig. 2601. — Looms for the manuftietard ofuheck goods are voiy much improved 
and simplified, and have attained such perfection that ordinary and simple patterns 
of six colours can bo produced at nearly the same speed as plain goods of one shuttle. 
The six shuttles are arranged in a circular box of six compartments (a), and when 
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one shuttle has put in the requisite number of picks, the circular box is made to 
revolve to the next compartment in either direction, as may be required. 

Fig. 2602.— Though tne ordinary six-shuttle box loom describea above has attained 
such' perfection, there are some goods, such as clan tartans, which cannot be made by 
it. The most perfect loom used for these goods is one patented and made by Gicouon 
Hattbrslbt and Sons, Keighley. 

The mechanism ci this machine is so perfect that when No. 1 shuttle (see diagram 
2603 and figs. 2604 and a 2602) has completed its allotted number of picks, the drcular 
box is made to revolve sq as to briflgpun for the next pick either No. 2, 8, 4, 6, or 6, 
and though the distance from No. 1 to No. 4 is very great, the shuttle box is mode to 
revolve a^ stop at its proper position witle tihe matest accuracy, as indicated by 
the pattern card motion (see figs, 2696 and 2699 wfrieh is always arranged befbre 
commencing td the requli^ pattern of cloth, and with the loom n^pking 140 picks per 
minute. Ihis machine is called the skipping box-loom. 

FHg. 2608. — HATTVBStM'i patent he^d machine as used on one-shuttle loom. By 
this machine an aln^^idOBSs variety of goods is made in small figures, large twills, 
stripes, and erOsMllNAi ^ich are quite out of the range of the ordinary tappet 
weaving. It machine fixed on supports above the loom,* and can be 
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worM with or without the jack rods, pp (see/^. 269B), and without displacing them. 
An upright rod, oonnoetsd to the seeotia-motiou shaft by a swape, n, worics a T lerer* 
0 , to two ends of which a knife is attadfted working in raidea. These kuiTes are fw 
operating on two sets of catches attached to each end of a lever having the fulcrum 
in the centre, this Ailorum being binged to another bell-crank lever attached to the 
healds. Over 10,000 of these looms nave been made within the last three years. 

A great many special looms, being mostly modifications and combinations of those 
liefore noticed, are also made for weaving silk reps, lastings, damaslu, tabic covers, 
and various other goods requiring one surftwie of toe piece to be difRuent from the 
other. 

Among these the most noteworthy is the ^ek and ^ck loom, having a two-shuttle 
box at each end of the alay board, and which can be actuated at any or every single 
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Then are many minor inTentions of great eerrice and oonvenienoe to Uie tndo. 

Among these is a machine fbr warp dressing, dispensing 
to a Urge exteift with the (dd hand labour. 

Daring the last two years the worsted trade has 
suffered, along with others, from the general commercial 
depression. It has also felt severely the effect of the 
dearness of labour and the shortening of the hours of 
work. It has had to struggle against foreign compel 
tition and prohibitive tanffs. liut with all this it 
must nevertheless be said that the last twenty ySora 
have seen in it a continual growth, and, with the same 
^erg^ and invention and enterprise which have cha- 
racterised it in the past, there is reason to hope for a 
continued prosperity and u still greater importance for 
( ’ ^ it among our national industries. 

Carpeti and Engt . — In vol. i. p. 732 will be found a description of the carpet 
loom and some general information respecting the manufacture of carpets. 

Oarpets were at one time always hand made, but, although rutfs are sometimes 
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■tiU mode by hand, carpsts are now inSflx so iOnstroeted in this eonntxy, although 
a few are itill modb b^ hand at (Mkhoaton. It iosntabed that in Fenin the hand- 
made carpet is common still. 

The introduction of the JAcavasD loom (vol. iii. p. 1) confpletely changed the 
processes by which carpets were made. 

The Kiddermiaetfr earpete, so colled, oe are those also made at Axminster, horn 
the town in which they were manufhotured, were the firet in this country made by a 
meohiiiieal eontriThnce. The Kidderminster oerpet has a worsted warpmiid a woollen 
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w^fl. It if a double or two-ply carpet— that if, the double thickneffee are interloeked 
at intervale. It if, in ita beat form, pradueed tm yama of only two or three cJoura. 
The three-ply or three-fold carpet mAe at Kilmaninck in ooropoaed of three webn, 
which by interchaining their threada produce a pattern on both aitlei. 

Bmaaela carpeting conaiata generally of fix tnickneeaes of wonted, and threada of 
hemp or jute, which knit the worated threada together and form the * backing,' the 
under part of the carpet. 

The yarn which forma each thickneaa of the carpet ia derived foom aeparate framea 
or reela. The framea of worated are placed more or leas horizontally behind the loom, 
and in order to supply the worsted for each thickness of the earpeti there is a large 
frame, which is cros^ by strong wires one beyon^the other, like the rounds of a 
ladder ; each wire euppliee a number of large reels, and each reel suppliee one thread 

worsted to the loom. ^ Of these reels there are 260, as many threads oeing the width 
of a Brusaels carpet which measnres 27 inchee. By the Jacquard apparatus any , 
particular thread may b# drawn to the anrfoee^and orerv colour employeif in the 
production of the carpet mnet be brought to the vorface in fixed places. 

The method of forming a Bnraeels camt is as follows:— The * model’ ie usually 
one-tenth of the size that the pattern will be, and this ie eonetmoted upon paper 
ruled in lines in each direetion, so as to form a series of squares. The ruled paper 
for Bnissela carpet has 260foquares in its width, eaeh square representing one tuead 
or stitch. Wh»n the drawing on the lines ie completed, the pattern is passed on to 
girls, who prepare the cards for the Jacquard loom by stamping holes in them, 
BO that the required thronds may be brought to the surface when required. Any 
desired pattern may be produced by making the holes in certain positions, and there 
must be a frame of wonted in the loom for each colour that is requisite to the forma- 
tion of the i>atieri]. 

The first seat of the Brussels cv 7 >st maDufa..cture wns at Wilton, but Kidderminster 
now supplies the largest quantity of such carpets. Bridgnorth, ^lifax, and Glaww 
mrinufacturc them largely. The modern Wilton carpet is a Brussels carpet with a 
velvet p'lo ^thejloop being cut), instead of the ordinary looped pile. They are m^e 
in precisely the same manner as the Brussels carpet, only the wire frame is constructed 
of larger wires, so that the knife blade may more easily cut the loop. 

An ingenious arrangement was made for the purpt^ of producing carpets, in whieh 
the Jacquard apparatus was dispensed with. lliis meuod consists in printing a 
pattern upon the warp threads, these being arranged in a parallel series for the loom, 
and the dyes used must be such as penetrate the substance of the yarns. Those are 
then woven into the fabric. It is said that this process is not satiefaetory, as all the 
threads cannot be brought into their proper position, owing to small ineqiulities in 
their thicknosses. 

hir. Whttocx introduced a method by which this process could be ueed without 
employing a block for each colour. This process may os thus desen bsd 

The pattern being produced on the ruled paper, is handed to the ' putter on,’ who 
produces the necessary elongated pattcigi, eo as to allow for the thicknese of each 
thread. The pattern being properly produced, is cut vertically between each row of 
stitdiee. The patterns emplc^ed upon tapestry carpets are usually repeated in 664 
stitchee. A laige drum has wound upon it an amount of yarn suffleieDt for the 684 
etitchee. On a railroad running beneath this drum is a wheeled tcoimh, with a roller 
fixed in it like a grindstone, and into these troughs is poured ths eolonrs which will 
be required. The drum is made to rotate on its axis, and it rubs sMinst ths roller 
whieh is in, and which takes up the colour from* the trough. Everything being 
properly adjusted, the yam is re^arly dyed by moving the drum and by atQueting 
the troughs, making the yam take up the proper quantity of the desired colour. 

Carpets are sometimes formed by weaving a plain fabric with the looped surface of 
a Brnssels carpet, and then printing the p^em by blocks. This process is adopted 
in Oie Boehdale Works. 


The Tmiplrton prooese, so called because it was introduced by the TncpLaroxs of 
Glasgow, is an improvsment upon tbs Wbttocx process already described, bit it is 
■aid to be much more expeneive. 

Certain improvements na^ been mads within the last few yean. The hard back 
of tlto BhumIs carpet has been set aside, %iid a soft hack introduced by uaing a kind 
of felt. • 

ihm.— By any gf the proceeeee named the m^ary rugs may be, and are, pro- 
duced^ although many rugs are still manu f actured by hand in the moet eimple Banner. 
A large number of rugs are made by the Axminster process. Some are fon&sd by 
the true ykxminster process, and are called thumb rugs, and othem arc product by 
the tapes^ procem Mid by the velvet pile process. ^ 

The Messn. Cdosblbts, of Halifoz, introduced some yosn since k method of maim- 

8s 3 
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fuctnring rugs which was ezeedflingly ingenious and produced very beauLiM effects. 
The patterti being selected, it was ouilt up in threads of worsted, each thread being 
of the correct colour or sh^e of colour. ^eJ^ were laid in an iron frame, one upon 
the other, in long lengtbsi until eventually the whole of the picture was shown by the 
ends of the threes. Thus a block of worsted thread was produced several yards in 
length and of the size of the rug required. The end of the thread, the whole being 
pressed together, is cut smoothly down with a very sharp knife. A piece of canvas 
covered with a solution of india rubber is pressed against the end, and allowed to 
remain in contact until all the threads are firmly fastened to this back. A knife then 
cuts of the required thickness of the pattern, and a nig of great beautv is at once 
produced. Another piece of pi^parea canvas is applied to the ends of the wool, and 
another rug produced, and so on to the end. Although very beautiful copies of 
pictures have been thus produced, the process has not been extended. * 

No return of the numbers of spinning spindles and* power looms can be obtained 
later than 1874. In the Murellaneoua Statiatioa for that year the number of factories 
in the United Kingdom is ^ven and the number of spindles used in spinning, weaving, 
and other processes. It appears that the members of the Chambers of Commerce in 
the spinning districts have stated their conviction that the returns published by the 
Oovemment were not accurate, although these were compiled from Parliamentary 
papers ; therefore, the publication has been discontinued. The following is the latest 
return : — 


Return to House of 
Commona up to 
Ootuber 81,1874- 
ordared to be printed 
August 6, 187ii 

3“i 

liT 

P 

111 

H 

Total Number of Peraous employed 

Mules 

A 

Ftonales 

Total Maliw 
and Femalca 

Rngland and Wales 
Scotland , 

Irdand . • , 

Qrand total . 

Bradford Chamber 
of Oommeroe Bs- 
tlmate, 1871 

8,128.690 

03,880 

872 

881,660 

17,840 

262 

76,601 

6.166 

63,086 

8,062 

8 

77,8^6 

7, *408 

0 

131.880 

10,266 

12 

2,182,782 

389.668 

81,747 < 

67,060 

86,047 

142,087 

1 4,000,000 

160,000 



- 


J. W. T. 


Woollen Manvfaotwns in 1876-76. 



1876 ^ 

1876 

Jifant{fae(um£ Ooatd 
nair or Wool, 

From British India— 
Bombay and Soinde . 

„ Countries . 

H 

Value 

£46,026 

6,028 

Flsoai 

Value 

£110,612 

11,368 

Total « 

B 


— 

<8180,871 

doth and Staffk, 

From Oennany . 

„ Bdginm 

France 

Countries . 

■m 

£77,600 

76,842 

1,168,041 

• 4,668 

a 

14,178 
2,884 
^ 281,247 
1.470 

£70,216 

11,667 

1,243,104 

6,860 

Toda 

272*610 

^1,818,036 

313,178 

<81,411,098 
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WooUm to lS7<-76— continued. 



187» 

1876 

Unmumerated, 






Ptoosi 

Value 

PieoM 

ValM 

From Germany • 

— 

£388,145 

— 

£442.208 

,, Holland 

— 

374.021 

— 

465.085 

„ Helgium . 


182.805 


184,088 

„ France 

— 

1,019,519 

— 

2,279,040 

„ Turkey 

— 

62,912 

— 

86.386 

„ United States tf 





America . . 

* — 

15,511 

— 

35,870 

„ British East Indies 

— 

35^018 

— 

„ other Countries . 

— 

12,311 

— 

17.440 

ToUl . 

1 “* 

£2,000,831 

— 

£3.509,612 


1877. 



0/ Goals’ Hair or Wool 

1 

— 

£100,888 

— j 

— 

0/ Wool other than 





Goats* Hair, <fc. 

f 




Cloths and stuffs . 

442,091 

£1,012.660 





Uuenumerated . 

• 

— 

3,322.283 

— 

— 


WooOm JSxporte. 



1875 

1676 

Sheep and Lamps’, Bntieh 

Lb. 

Value 

Lb. 

Value 

To Bussia . 

702,080 

£75,464 

480,158 

£44,240 

„ Germany 

2.994.760 


2,767,275 

280,778 

„ Holland . 

1,007,841. 

105,555 

1,198,966 

04,944 

„ Belgium. 

1,310,146 

3,062,529 

^ 107,628 

1,147,065 

00,830 

„ France . 

„ United States — At- 

286,284 

1,589,444 



lantic . 

1,164,678 

82,791 

2,484,068 

144,295 

„ other Countries 

204,504 

19,846 

190,888 

21,020 

Total . 

10,586,528 

£928,2^4 

9,817.240 

£757,882 

Other SortSt ifUfhtduM 
Foreign^ dressed in the 
United Kingdom^ and 
Floeks and Magvool, 





To Bussia . 

2.505,500 

£87,152 

068.872 

M0A3S 

„ Sweden and Norway 

626,260 

triMs 

563,047 

28,870 

„ Germany a 

•4,168,525 

181,605 

2.838,807 

509.280 

90;411 

11^50 

„ Bdigium. 

1^1^450 1 

21,856 

„ Fiance . , 

1^09(,670 

46,854 

001,451 

» 25,850 

„ United Btatgs of 


80,798 



America 

1,005,607 

— 


„ other Ooutttriea 

205,147 

1 7,587 

508,615 

18,612 

T^ltal . 

11,426,359 

£863,074 

6,444.112 

AS08,18d 
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Woollen Fxporta — eontinued. 



• 

lers 

1676 

Woolkn Yam, carded. 

PlOOM 

Valae 

Pieces 

Value 

To Germany 

260,013 

£42,186 

170,018 

£28,128 

„ Holland . 

46,892 

4,743 

78,386 

9,803 

Belgium . 

44,614 

6,300 

68,377 

0,088 

M France . 

73.873 

13.506 

181,946 

16.870 

„ Aiutralia 

86,883 

6,103 

89.880 

6,990 

„ Brit. liorth America 

41,638 

6,687 

41,068 

6.344 

other Countries 

81,238 

11,403 

83,060 

12,903 . 

Total 

- 684,081 

£00,116 

(22,610 

£89,126 

Worsted Yarn, combed. 
To Bussia . 

2,316,400 

£373,256 

J[, 486 084 ‘ 

‘ £215,178 

„ Sweden and Norway 

328.672 

47 714 

479,766 

64,521 

Germany 

16,156.221 

2,549,442 

15.053.440 

2,070,301 

„ Holland . 

9,993,176 

1,637.264 

10,627.552 

1,560,121 

„ Belgium . 

435,891 

63,549 

428,221 

62,540 

„ France . 

1,573.744 

282,066 

1,854,860 

208.698 

„ other Countries 

336,623 

65,900 

301,'K58 

47.667 

Total 

31,139,626 

£5,000, 19 f 

80,231,550 

£4,328,115 


Exports of Woollen and Worsted Manufactures. 




Year ended December 81 

Year ended December 81 



1875 

1870 

1877 

1876 

1876 

1877 

Wocrf/M i loth*. Coat- 
ings, Jhifeh, d^., of 
all kuutii of Wool, 
or of M ool mixid 
wUh other Materials. 

To Sweden and Nor- 
way . 

„ Oermony 
„ Holland 
„ Belgium 
„ Fronoe. 

„ Portugal, Azores, 
and Madeira . 

„ Italy . 

,, United States 
„ BroiU . 

„ Umguay 
„ Arj^tiiie Bepub- 

„ Ohlll *. 

„ Peru 

„ China and Hong 
Kong . . 

”, ^£ai' North ‘ 
America . 

„ Brlttsh India 
„ Auatrslla 
„ oUmt Oountries . 

Yards 
614, S6S 
8,464,876 

1.841 .786 
1,916,800 

7.086.787 

211,171 
1,410,280 
2,612,518 
1,426.1 60 
242,120 

482,830 

488,870 

488,780 

1,887,080 

248A80 

8,768,676 

1,486,180 

8,066,086 

8.048,041 

Yards 

428,662 

8,714,701 

1,944,013 

1,874,584 

7,123,864 

138,848 

1,708.763 

1 478, IW 
17174,940 
814,980 

481,880 
868,860 
402, OUO 

2,876,380 

348,740 

2,8<»,690 

2,14,017 

2,861.880 

8,062,832 

Yards 

4M.800 

8.718.000 

1.874.800 

1.489.000 

8.673.800 

148400 

1.442.200 
1488,600 

1.037.200 

648.600 

917.600 

817.800 
828,100 

9.414.800 

879.800 

8,478,106 

9.418.800 
8,882,600 
8^^68,000 

£ 

88,077 

1,820408 

840,488 

988.678 

962,684 

86,876 

204,894 

767,118 

162,376 

88,663 

66,690 

88,689 

76,986 

242,971 

68,282 

686,381 

386408 

•64,780 

806487 

£ 

71,369 

1,474,637 

833,010 

364.840 
1,178,681 

84,188 
988,089 
481,818 
186,621 
‘ 42490 

61,818 

48,848 

68,897 

388.840 
46,607 

474,968 

980.814 

.481,848 

816,188 

£ 

70,572 

1,302,477 

806,834 

964,284 

1488.262 

84,168 

998,681 

867,848 

191.328 

77,187 

181457 

87,709 

76,780 

988,726 

188,866 

088,697 

266496 

827,667 

400418 

Total 

A 

' All Wool .*1 

Wool mind ] ^ 
with other 

18,606,038 

18.188.687 

26,482,819 

26,886,807 

18,686,890 

18|47,886 

24,948.977 

26,680,886 

16,849, T00\ 
14,767,800; 

98.004400) 
98,772,000 ; 

m 

8,181480 

6,680,616 

^,809446 

§446467 

8497428 

M71400 

1 


4l.088.86i 

40.120,864 

Mli- 

40,479471 

40448,881 

i 44,664,1001 
48,589.800 [ 

6,880408 

4,461,4X0^ 

6,888,717 
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Ktporlt of fFooUcn and IVentod JVamt/aetiifM— continued. 



• * 

The iTuports of ^oollen and wonted maniiihctures in 1877 were ai foUowi 


• • Lb. Velna 

Wodlen yam fbr weaving . . . 12,949,117 i8l440,187 

Wooixaif MAXuvACTunae— 

Of goate* wool or hair .... ]00^88 

Cloth and atnifii (pieoei) . 442,991 1,918,860 

UneAiinerated — 8,822,988 
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X. 

3LAWTBATBB. (See Xamtuine, toI. iii. p. 1185.) 

Xanihate oj Potamum is easily separated by meaus of alcohol, potash, and bisul* 
phide of carbon. It crystallises easily, and may be kept in this state unaltered for a 
lonff time in -weli-corked bottles. 

Xanthate of Co/pj^ forms a brilliant orange yellow precipitate when xanthate of 
potassium is added to cupric salts. 

Xanthate of Nickel forms a precipitate of a chocolate-brown colour, almost insoluble 
in water, exceedingly soluble in^nnponm. 

Xanthate of Ca^t is a dark-green precipitate, almost insoluble in ammonia, which 
circumstance allows it to be easily and rapidly detected ^ nickel solutions, and 
», separated from nickel. • 

Xavt^atc of Zina forms ji brilliant white precipitate, rery^lightly soluble in v-ater, 
much more so in alcohol and in sulpliide of carbon, extremely soluble in ammonia. — 
T. L. PiiirsoN, Chemical News, xxxv. 

XTXiOOBAVBTi A name given to a process of painting on wood. The com- 
mencement of the process is to draw on wood or on paper* the pattern selected from 
which the design is tranr-forred to wood. The design is tlfen engraved or reproduced 
in zinc by a Wtill-kuowu method. An electrotype cast is taken from the Woodcut or 
zinc plate, and smooth slabs of wood are printed from the electrotype under a regu- 
lated pressure, with pigments especially prepared. The wood whore the pattern is, 
IS slightly indented by the process. There is no outside film of colour. The dye has 
penetrated the wood. To preserve the material and enrich it tjho French polisher is 
called in, or the whole ol the wood is covered with a fluid onamcl which may be 
applied by an inexporionood person with a brush, and is serviceable for protecting any 
neighbouring pieces of metal, as well os the wood. The wood can be serubbed, 
wubliod, and even sand-pupered, without destroying the pattern. Xylography depends 
upon printing with movable blocks, and by placing dilfurent patterns Ipde by side the 
effect of the whole may be varied at will. 

Arabesques, tile patterns, and flowers are printed witli movable blocks which can 
be collocated together in an infinite variety of ways. The completed series or group 
forms the omiment of a door-panel, the skirting for a room or u ceiling, a frieze or a 
border for any purpose, a line of decorations for the wall of a corridor. The method 
is very suitable for application to furniture, desks, workboxes, m ensos where the 
expense of inlaying is prohibitive; and perhaps it is by this means that it will ulti- 
mately be employed. At present the results of the disposition of brown, black, russet, 
green, and grty-blue stains on sallow pine- wood are agreeable from novelty as well as 
irom the taste with which the patterns are arranged. A door can by xylography be 
decorated in six panels at the cost of a guinea and a half in permanent colours with 
rt'linod and intricate patterns, such as have hitherto been chiefly seen in the tail- 
piooes of gift-books. Most slabs are printed in one colour and by one impression, but 
tint can 1 m applied over tint in exactly the same manner as in c^omo-litnography. 


^ Y 

TBli&OW-MSTAl ■■SATBXirO. See Mvim’s Metal. 

TSUOW WOOB. See Fustic, vol. ii. p. 627. 

TUtOVH WAm. {Calotropis gigantea,) When made into ropes this fibre has 
very great strength. See Fibres. 

TmUkXU VOBOBliAZV. A Japanese china of a fine red colour. It was first 
introduced from Ohina by Zbnooro Yubaxu. The effective colour is heightened by 
rich gilding. 

• • • 

Z. • ' 

amro. Sp^ter Production in Niseouri. — The* mAiufacture of metallic sine or 
spelter, in Missouri, is carried on gnly at Uie establishments located at Carondeles, or . 
Sonfti St. Louis. 

Oral. — ^Ths piMs treated at these establishments ore brought, either by the Iron 
Mountain from the vicinity of Fotosi, in the south-eastern part of the State, 

or by tte And Pacific Bailroad from the mining vegions of Newton and 

in the south-western part of the state. They consist chiefly bl 
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h^’droui silicate, or calamine, with variable quantities of bluudo and some Hmithao- 
uite. At the localities mention^ the aipe ores have been rather the incidental pro- 
ducts of lead mining than the objects of direct exploitation. 

The erection of these sine works and the prospective establishment of others, 
together with the utilisation of the blende ores of the south-west, Ht the establisli- 
nieuts of La Salle, 111., have created a rapidly increasing demand for such orea, till 
they now form no inconsiderable portion of tlie valuable production of the lead regions of 
Missouri. 

No full analysis of the raw ore has been made, but various partial analyses seem 
to indicate that the ores from the south-west am much freer from antimony than those 
from the south-eastern section of the state. The presSnee of manganese in the ores 
Irom the latter section, and its almost total absence from those of the south west, is 
noteworthy. • * 

The ores of the south-east r^ion, notwithstanding the presence of antimoiv and 
arsenic, arc of a very flne^uulity, and compare olosely and favourably with those 
from the well-known Siiucon Valleyr, used at the Lehigh Zinc Works, Bethlehem, Pa. 

Tlic oreb are roasted and calcined in kilns. Uamplos of the calcined ore, after 
erufdiing, gave on analysis the following composition : — 


• 

I. 

11. 

iSilioic acid . 

. 29-447 

10-246 

Zme oxide . 

. 70 089 

76 300 

Perric oxide . 

•627 

2-014 

Brown oxide luanganeso 

none 

1-642 

Lime .... 

•286 

4 886 

Magnesia 

•084 

8-320 

Arsenioiis acid . ^ . 

■640 

trace 

Aiitimonic oxide . 

Trace 

. ‘280 

Lead and copper oxides 

. . trace 

trace 

Sulphur 

•349 

trace 

Canonic acid , 

. . trace 

3-320 


No. I. is the roasted ore used at the Martindale Works, and is chiefly fhrnished 
by the Granby mines. 

No. II. is a mixture of the ores from the two sections of the state, the south- 
western ores predominating. 

The retorts are of the usual form used in the Belgian process ; they are 4 ft in 
length by Oj in. interior end 9^ in. exterior diameter. 

The capacity of the single furnaces at the Martindale Works raries from eighty to 
eiglity-eight retorts. Those nt the Missouri Works contain seventy four. There are 
r ight furnaces in operation at the former establishment, and six at the latter, giving a 
joint crtpacity of upwards of eleven hundred retorts. * * 

liie Lehigh furnaces hold each flfty-six retorts, besides the so-called “cannons” 
for brooking the heat in the lower row. • 

The retorts are charged each with 40 lb. of a mixture consisting of two-thirds ore 
and one-third slack. 

The methods of working offer no novel features. A retort lasts about a fortnight 
or through twenty-eight chaigee The upper row of retorts is reserved for the treat- 
ment of the Einc dust, drippings, and skimmings^^ The duet used at Bethlehem con- 
tains from 60 to 66 per cent, of metallic zinc, wmle at Martindale they get 76 8 per 


The following analyses show the composition of varions spelters ; 



I. 

II. 

III. 

IV. 

y. 

Sulphur 




•0086 

■Rul 




Silica . 




•1346 

•1874 

• -2410 



Carbon 


• 


•1776 


•2822 

-0086 to ‘76 


Iron . 


. • 


•7178 

‘2863 

1'0842 

-28 „ -32 

1*6 

Lead . 




• 0201 

• 0061 


•*7 M •16 

•8 

Ooppw 




•1128 



— — a 


Arsenic 


. • . 



•0690 

a‘0806 



Antimony 




•0249 

•0000 




Osdmilm 




— 

— 

— 

•07 


Impurities 


9 • 


1-8006 

'6663 

1-7682 



Zinc . 


9 « 


08-6m 

9948728 

— 

98-2118 

— 

— 
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No. 1. ii the analysis of the Missouri Zikc Compaht's spelter; No. II of the 
Martlndale splter ; and No. HI. of a speciffieu of Lehigh spelter. From what cha- 
racter of ore No. III. was prepared is not known. Nos. IV. and V. are older analyses 
of spelter (by PLATnrKB) from Silesian and Chinese specimens reepectirely. — ProceM 
cf l^elter Production as practued at Carondslet, Aftssourt, vnth Ckunpariaon^ by John 
W. Pack. — Tranaactwna of the Amerioan Inetitute of Mining Engineers, rol. it. 

SZarOp BZXilUIZJL. The Present Condition of t^ Zinc Industry of Upper Silesia , — 
The ores treateNi for zinc in Upper Silesia arc of two classes; namely, calamine aver- 
aging from 11 to 16 per cent., and blende with from 26 to 30 per cent of zinc. The 
former are calcined in the usual way (? in kilns), and the sulphuretted ores in double- 
bed caloiners (FortschaufeluNgsofen), except in one establishment near Hchoppinitz, 
where Hasbnolbtbk’s pitont furnace is used. Ordinarily the calcincrs are erected in 
blocks of four, having chimney flues an^ passages for drawing the roastetl ore in 
common, in order to economise space. The Hasen^lkvkr furnace has a step-grate 
fire-^aoe, and with a coiisumption of 40 cwt. of coal sla'^k in 24 hours, produces 70 
cwt. of calcined blende, not containing more than 1 per cent of sulphur. The ore, 
which is fed continuously by a small water-whool, must be reduced to particles of 
8 millimetres in diameter and free from dust ; if they are of larger grain the roasting 
cannot be effected, and if smaller they will not travel .rreely down the incline of the 
bed. For the flat calciuers a grain of about 2 millimetres is found to be the most 
convenient size. It is therefore necessary to prepare the ore for the patent furnace 
by a system of rock breakers snd coarse and fine crushing rolls , while fur the ordinary 
furnaces it is ground under edge mills. 

The working beds of the double calciners do not exceed 7'2 ft. in breadth, while the 
length varies from 18 ft to 26 ft. Increased length has the wlvantage of more fully 
economising the heating power of the fuel, but makes the furnace difficult for one man 
to manage, so that the roasting may be only impcKfoctly effected. As a rule it is not 
considered desirable to employ a special fireman, the heat being bettor under control 
when the entire management of the furnace is in the hands of one man. The average 
yield of each calcincr is from 60 to 64 cwt. of calcined blende per 24 hours, with a 
maximum of 1 per cent, of sulphur for a consumption of 30 cwt. of coal. The progress 
of the calcination is in some works controlled by the following simple test : — A sample 
of the charge is strewed upon the surface of 20 or 30 grains of chlorate of potash 
melted in an iron ladle, when if no flash of burning sulphur is produced, the ore is 
considered sufficiently desulphurised. 

Calamine oree, as mixed for reduction, do not as a rule contain more than 14 per 
cent, of zinc. The blende, which is usually very pyritic, is richer, and is added in 
sufficient proportion to bring up the produce ; in this way very poor calamines, con- 
taining only 7 to 9 per cent, of zinc, are worked up. Mixed coal slack and cinders 
used for reduction ; from 3 to 3^ bushels of the former and 6^ to 6 bushels of the 
latter being required per 100 cwt. of calamine. With pure blende the quantity is 
increased about 11 cent., partly on account of the greater difficulty of reduction, 
but more particularly to protect the muffle Against increased corrosion. 

The cinders are small particles of coke breeze obtained from the fire-places of the 
puddling and beating furnaces in the neighbouring iron works, where they are ool- 
leoted in water cisterns placed in the ash-pits. They play but a very subordinate 
part in the reduction of the zinc oxide, being almost incombustible ; their chief fnnoii 
tion being to prevent the formation of easily fusible slags by the action of the iron 
in the ore upon the substcuaceesf tile muffle. The weight of the chaige varies with 
the richnesB of the ore in zinc ; with blende it is usuaUy only half that of calamine. 
In the larger-sized muffles about* 280 lb. of oelamine with 11 to 12 per cent, of zinc 
ie a usual quantity. 

The muffles vaxy in size according to their position in the fnmaee ; the following 
being the limiting dimensions : — 


Length 6'2 ft. to 6*6 ft. 

* • Fonlnd • BsokBnd 

Heij^t .... 18*7 in. to 21*6 inf* 282 in. to 24 u. 

Breadth . . 6*0 e „ 7*8 „ 8*7 „ 10'6 in. 


The length is governed b^ the heating power of the ftirnaM, shorter sices being 
uied in the cooler parte, or incthe laet st^es of its working, before being rebuilt ; 
while the height depends upra the flre-resistTng Mwer of tho'days ; and the bmadth 
upon the eomfiarative reductibility of the ore. ^e materials are lean (sandy) days 
from GalJoia, ^stio days from mleeia and Folan^ and sherds of old muffles ^nnd 
under edge toUb to ftagnieatB 8 or 10 milliuidaus in diameter. The ottiinaxjtnistare 
is S parts of burnt to 8 of' lean and 1 of plastic day. The moulding; is efibetod by 
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hand, tha aides bting raisml froin aheett of clay orer \rooden cores. Genomlly Tour 
or five mofflea are kept in hand by the e^e man at once, no aa to save rime and to 
insure uniformity in crying. When flnisned they are air-dried for at leawt 14 dayn, 
and before setting are raii^ to a bright red heat in a tempering oven for 12 or 14 
hours. These are ovens of eufficient capacity to bike fnim 16 to 24 raufHeH, to supply 
a demand cansod by ozceesive breakages, Stc. The average life of a muffle is from 
86 to 86 days, each one being numliei^ and marked by the maker, who, in the event, 
of his work giving out too soon, is liable to a flue. From 20 to 24 muffles are mouliled 
by one man in 6 working days, the clay mass being supplied by the works. The 
receivers for the reduced sine are made of ordinary plotters’ clay mixed with a small 
quantity of burnt clav or coke dust, and they continue inuse until tho incrustation of 
zinc oxide prevents the introduction of the charging shovel, which usually takes place 
in from two to three weekly Th^ are madi liy the smelters themselves, the mixed 
clav being supplied by the works.* 

Between the years I860 ifbd 1872, twenty-nine the existing Silesian zinc works 
were closed, and from 1844 to 1878 eleven, and in 1876 two new ones were built. At 
the present time twenty-nine are at work ; of these, eleven are provided with fumam s 
with plain gi'atn firing after the old Silesian pattern. In the newer works, howiwer, 
gas furnaces are invariably enfeloyed. Owing to the dry character of the coal it is 
noceseary for complete gasification to burn it by means of a weak blast, which is, in 
the larger number of instances, produced hy a flin, but in the newer furnaces generally 
by KoHTmo’n steam-jet blower. The blast is introduced immediately below the grate 
in the gas-producer by a cast-iron monthpiece of square section ; that rei^uin^ fur 
combustion of tlie gas is supplied through a series of twelve rectangulsr slits in the 
mouthpiece of the gas supply passa^, which is a square shaft of firebrick work. The 
numl-ier of muffles in a furnace of this kind varies from twenty to twenty-eight, with 
the gas burner at one end, but in Sime instances double fnmaces with two gas-pro- 
ducers are arranged m two parallel series and twice that number of muffles are used, 
with the points of combustion placed equidistant from the end walls. These have the 
advantage of mor% perfectly heating the end muffles, of diminishing the amount of 
radiating surface, and generally the cost of labour and supervision, but they require 
much greater skill in management, esjpecially to prevent loss in the event of defective 
working ; besides which, an increase m the number of muffles is attended with loss of 
time during cleaning, charging, &c , so that the reducing work of the furnace may be 
actually diminished if the number is too great. Experience shows that the maximum 
should not exceed forty, the best results being got with thirty-two. The waste flame 
of the older grate-fired furnaces is sometimes used for calcining calamine, and in a 
few instances for heating the air for combustion of the gas. Only in one instance (at 
Tarnowitz) is a re^lar iron pipe stove used. 

The above conditions limiting the size of the famaces do not, however, applv to 
those on BiBMKira’ principle, where, from the greater uniformity of temperature obtained 
in tht heating chamber, a larger number of mnfflee can be heated than in the common 
gas furnace. In addition to the saving imeoal, wages, and distilling vessels, due to 
uese causes, the duration of the working period of ue furnace is oonsiderably lon^, 
being for furnaces of equal size, two years as against one year and a half. Against 
this, however, must be set the increaeed* cost of erection, more tlhnn 60 per cent., and 
eoBsamption of flre-cUy, difficulty of mana^ment with unskilled workmen, and, more 
particularly, tiie necessity of rich gas-making ooal, which render its use improper for 
^ localities where the ooal is of an anthracitic charftiter. Where, however, &e proper 
eonditions are fblfilled, there ie a notable advantage in the use of the furnaces, as 
appears by tho following comparison made upon the working of the year 1874 

Orrtinarj Fnnuws^ 

94 mnfflss IS a 

Ore wrorked per 24 hours 8614 cwt. 108‘27 cwt. 

Gonsuii^'on per 6 tons of ore : — 

Coal 64 quaere 88’8 quarters. 

HnflM .• . . . ! T» • 1-44 

Yield par cent, ore . 11*17^ cent. ll'fiO per eent. 

• • 

In the works last bnilt, four fomaoet, with sixty mufflM tibh, with two double am- 
pMdaom, hate been provided. 

The worUng and management of the fomaces are deeeribed in oonridaiable defcaU 
by the author, 4ihe chief points of interwot being in the method adopted for deteeting 
bffolrtt muffles. In fomaces heated by gas un&r pressure, the cracks in the muffla 
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Are seen by the entry of the furnace flame, which alters the blue flame issuing from 
the mouth of the zinc receirnr to a brown i|h red ; while in StsiONs’ furnaces, where 
there is a chimney draught, air is drawn through the muffle and zinc flame appears in 
the chimney. Flaws in the roof of the muffle are seen by the issuing of sine flame, 
as soon as the receivers are adapted after charging. These cannot be repaired unless 
they stop themselves by deposit of zinc oxide in the apertures. Holes in the bottom 
of the muffles are detected after clearing out the residue of the preceding charge, by 
producing a body of luminous flame in the fire-place, either by the sudden addition 
of coal in grate furnaces, or by stopping off the top blast in gas and SiaMENS* furnaces, 
which then finds its way through the cracks. These may often be repaired by 
plastering the surface with* teippered clay, but large cracks in the roof render a 
shifting of the muffle necessary. 

The yield of zinc is from G2 to 76 percent, of that indicted by analysis of the ore. 
As a rule it is sold as produced, but in some instaAos it is refined to render it fit for 
rolling, by remelting in 'a reverljieratoTy furnace with a ked 16^ ft. long, 6^ ft. broad, 
and inclined 3° longitwlinally from the bridge towards the flue end, where there is a 
pit about 2 ft. deep below the lading hole. The flame is kept ns smoky us possible, 
and returns by a double arch above the bed to the chimney, in order to protect tlie 
furnace from loss'of heat by radiation. About 9 tons bf crude zinc are treated daily, 
and the original proportion of 2^ per cent, of load is*^ reduced to ^ per cent., the loss 
in skimmings being 0*15 per cent. 

The zinc dust (oxide of zinc) collected from the rocoivors, &c., is returned to the 
ordinary charges, except when there is a special demand for it, wheu it is sold. In 
some instances cadmium is prepared from it by a process of fractional distillation, 
but there is not sufficient call for this metal to render its pri^uotiun generally profit- 
able at the present time. — Max Gboroi, Berg- und HiUttt mmniitche Zeitung, vol. 
xxzvi. pp. 71, 78, and 97. a 

On the Zinc Ore Deposit of Moremet ( ViHlle Montagna). — The deposit of cala- 
mine of the Vieille Montague, Altenberg, or Kelmisberg, as it is variously styled, 
occurs in the lowest portion of the carboniferous limestone, whicji is hero generally 
changed into dolomite. Its form is that of a basin, or the bottom of a boat, rising 
on one side to the surface, and plunging on the other at an angle of 13^^, the greatest 
breadth being about 650 yards. The ore, which at the surface was composed princi- 
pally of carbonate of zinc of extreme purity and richness, being entirely free from 
lead and blende, is intimately associated with dolomite, and must be considered as a 
psoudomorphous change of the entire mass of a limestone or dolomite bed into car- 
bonate of ano, and not as a deposit of secondnry origin, like many of those in the 
neighbourhood. 

The principal development of the deposit was near the surface, whore it may have 
attiinea a length of 490 yards, and a breadth of between 110 and 160 yards, the 
whole space occupied by the basin having been filled with metalliferous matter. The 
largest and richest portion is near the northern extremity ; this is known as the 
North Deposit, and is separated by a tongue of barren dolomite from another ore- 
bearing portion known as the South Deposit. In a southwest direction, the ore- 
band plunges below the dolomite, and has been proved to a depth of 120 yards, 
between which level and that at 80 yards the workings are now restricted. 

A considerable change takes place in the character of the ore in depth, the pure 
carbonates of the surface becoming mixed with hydrated silicates, until at a depth of 
80 to 90 yards the latter pre^omiflate. The anhydrous silicate, or Willemite, one of 
the distinguishing poeuliarities of YieiUe Montage, was found irregularly inter-* 
spersed in large blocks, often exceeding 100 cubic ^rds in volume, in the mixed 
masses of calamine. The first workings seem to date mm the fourteenth and fifteenth 
centuries, when the rich ore of the north crop was used by the brassmakers of Stol- 
bsxg, and probably of Li^e, in the manufacture of calamine brass. The first sine 
frimaos was established at Di^ge in 1806 by the Abb5 Dowr, who held the concession 
fox woriung calamine for a term of jiroars ; but the amount of ore removed was not 
large, only the most compact spd richest portions being taken, the earthy and less 
valuable qualities being left. It! was not until 1846, uraer the Vibzllb MoMTAaKB 
OoiiiPAirT, that the development of the woi^in^s was commAced, which ten years 
later reached colossal prop<^ions. The^f»rodn 9 tioq,in 1855 was probably the largest. 
—0. BoAtfiT, Bemu UnwertdU des Mines, vol. xl. pp. 286-39. Abetraate Papers 
m Foreign T^a/rmotum, Institution of Civil Engineers. « 

Znco nr QaiiAnA.— Zinc ores have been obtained from Blende Lake, near Thunder 
Bay, Lakq Soptfior, from the township of Dorion, from the Fareaseux Bapids, 
Eaministiquia Biver from Silver Lake in Thunder Bar, and Pointe-auz Minos. 

In addition to the above localities for zinc blende on Lake Supf^ior, it may be 
mentioned that the mineral occurs in greater or less abundance in almost tvciy ipstal- 
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liforons win vUioh has basD opened in tlie rocks of the Nipigon Surios, from Pigeon 
JCiver to Nipigon Bay. Further east it occurs in promising quantities in a veiu iu 
older rocks between Otter Head and MicApicoteu. and again iu veiiis in the cop])er- 
beariug series at Pointe-aux-Mines and Hamainse. (See Re^toris q/' the Qtol^ical 
Sttroey 1868 to 1878.) 

PausBiA. Zmc Ores j>roduesd . — At page 686 the mineral productions of Prussia 
from 1871 to 1876 will be found, and the values of the minerals raised. The following 
table is given in addition, as it shows the quantity of ainc ores (calamine and blende) 
raised in the different districts. This return is for 1873, the latest detailed return 
available. Relatively, the variations between the production of the several districts 
have been unimportant. ^ ^ 


Zific produced tn Ppistia i» 1878. 


Frovinoai 

• 

Weights of Ores extracted 

• 

• 

Oslamine 

Blende 

Total 

Value par Tonne 

Silesia .... 
Hauover .... 
Westphalia . 

Hesse Nassau . . 

Rhine Provinces • 

• 

Twinnof 664 lb. 

361,866 

22,169 

335 

393 

Tonnes of 
664 lb. 

6,071 

8,802 

12,681 

6,186 

27,660 

Tonneeot 
664 lb. 
366.426 
8,862 
24,860 
6.521 
27,962 

Francs 

80.45 

165.02 

41.28 

62 36 
63.55 

Total and moan . 
Production, 1872 

884,262 

865,663 

67,869 

66,162 

441,611 

441.816 

35.10 

25 77 

Increase • ^ • 

28,699 

1,197 

29,706 

0.38 


— Zeitaohrift fur dm Berg-, Hutten~, ttnd Salinen- fVesen im PreueeieoAen Btaate, vol 
xxii^ 1874. 


UmTiiD EiKGDOii, Zino AfiitoB of the. Production for the Yeare 1876 and 1876. 



1876 

1876 

Oonntlee, 4io. 

No. of 
Mines 




No. of 
Mines 






Qnontltla 

Value 

Quantltlee 

Vsluo 


Bmolamd : 


Tons ou't. 

r 

• 

e, d. 


Tons owt. ora. 

£ s. 

d. 

Oomwall . 
Cumberland and North- 

8 

8,086 18 

9,466 16 10 


4.418 8 

9 

14,689 18 

8 


omberlaad . 

8 

1,060 18 

0 

8,464 0 0 






Onmberlsad 



— 



mm 

1,866 9 

9 

6.806 6 

0 

Derbyehlie • . 

-- 

160 0 

Efl 

800 0 0 


61 6 

1 

188 18 

0 

ShroMbire . 

6 

886 19 

0 

8,669 0 « 

PS 

491 10 

0 

9,616 8 

0 

Yorkehlra « . . 

— 

— 


— 

El 

8 10 

9 

10 11 

6 

Walbb: 










Anglesea . 





1 

7 0 

0 

• 7 

• 

Oaidlgaiwhire . 

6 


9 

168 0 0 

8 

ns 8 

0 

1,018 19 

8 

Oamarvonehlte . 

4 

414 0 

0 

1,844 X8 0 

6 

•80 6 

6 

1,416 18 

8 

Denblghiliim . 
FUnwura . 
MontgonifliTshln 

S 

8 

4 

1,890 0 
1,849 17 
9,880 15 

0 

0 

0 

8,478 11 9 
6,884 0 0 
4,888 14 1 

8 

4 

4 

9,189 0 

9,484 10 

9.788 18 

0 

0 

0 

11,608 18 
19,088 9 
10,848 1 

6 

8 

0 

Bidnnrshtie 

1 

48 14 

0 

946 9 10 

1 

88 8 

0 

878 18 

1 

Sundries, Bngland 
BodWalsi. . . 


* «|0 0 

0 

680 0 

- 

176 0 

0 

881 18 

0 

Isu or lUx 

4 

iimji 

0 

e 

86/186 0 0 

8 

8.668 6 

0 

87,889 1 

1 

BCWILAID . 

1 

• 

69 18 

f 

989 1 1 

1 

848 0 

0 

•1,766 8 

0 

TM • 

4S 

98,878 8 

8 

78,110 8 T 

*87 

98,618 8 

1 

80,ltt 0 

6 
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Impoutb and ExponTfl (ab prk Boaud of Tkadb RETtraNR). 
Importa of Zinc in the Year 1^6 and Five previons Year a. 


Yesr 

Grade Zinc 

— 

Zlno Mannftwiaiwi 1 

Quantities 

"Vuluc 

QuontitieB 

Value 




Tons 

£ 

Tons 

£ 

1871 



20,068 

431,309 

8,792 

207.856 

1872 




302,329 

12,417 

340,827 

1878 



26,088 

478,628 

12,470 

307,935 

1874 



22,216 • 

492,874 

, 12,630 

372,176 

1876 



22,719 

513,468; 

15,276 

439,618 

18f6 



; 29,466 

1 

606,234 

i 

e 19,719 

411,636 


Exports of British Zinc or Spelter in the Year 1876 andpre^iioua Years. 


Tear 


Value 


Ton* 



i 















hsb 
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In 1877 'WO imported zinc (crude and in faken) 35,091 tonR, and manufartured zinc 
322,060 c-wt. 

Zoro, DesUveriaing Lead hg. — In vol. iii. p. 70 will be found a description of 
Pabxbb’b proeeBB of desilveriHing lead by zinc. Tbis proceHB has not held its ground 
in this country, but in Germany it has continued in operation, as it appears, with 
considerable advantage. 

In Stuxicbb’b Jngeniear wo find a full deflcnption, with drawings, of the latest 
development of this procobS, us carried out at the Imperial smelting works at Tarnowitz, 
in Silesia, which is thus described by my friend, Dr. WnoDuro 

KX3rO nnur Aoa for the Distillation of Zinc oombinei with Lead {Zinkbleiofen) 
at TamowitXj Upper This is an addition to the contrivances for treating the 

argentiferous zinc obtained in desiiverising^lead by Parjus’s process, which oonaists in 
adiaing melted zinc to the lead under treatment. The metals are stirred and allowed 
to eepexate, when the specifically lighter zinc risinji^ to the surface, carries with it 
nearly the whole of the silver, and is removed by skimmiitg. The impoverished lead 
is subsequently refined for market by various prucesHes. When the zinc skimmings 
are subjected to liquation, a considerable quantity of argentiferous lead separates, 
while the zinc is to a groat extent qgidised, producing the so-called zinc dust. This 
is subj acted to dis^llation witB oarbon in muffle furnaces of the Silesian pattern, and ^ 
produces zinc practioalW free from silver ; the various residual products contain the 
whole of the silver. These are either sent directly to the cupellation fbrnace, or 
added to a bath of fiirnaoe lead, with a view of enriching the latter up to cupellation 
point. The fbrDaee to bo noticed is intended for the last operation, namely, the die* 
tillation of the zinc ekimminge. The chief peculiarity is in the oonstmotlon of tiie 
muffles, which are made of fire-elay containing a veiy email proportion of silica. 
They are prepared by being lined with a layer of gas-retort earboii, such asisobtained 
in coking the Zrabro coal, which is practically an inomnbustible material. This 
carbon, obtained in a finely-divided state by s|^ing thsdugh a ejeve of 0'S7 inch mesh, 
is muc^ with finely-ground fire-clay, andgnoieien^ with a weak acetic acid ealution 
of equal parts of strong vinegar and water, sorthiA the peroxide of iron resulting 
from the oifidatTon of the pyntea in the eoal may be distribu^ through the maee, 
and the possibility of loe^ ffieiop be prevented. Salt is added to the solution, the 
purpose m the salt and clay being to cause the mass to unite wheii heated. The 
Dottom and* end of the muffle are cowered with a layer of this matiiriRi afaoot 1 inah 
in thicknsHS, the eidos and roof receiving a thinner coating. After drying llor a 
fortnight in a temperature of about 60^ Fahr., the muffles are removfkl to a warmer 
floor, where during six weeks the temperature is gradually raised to 8^** or Fahr. 
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When thoroughly dried, the lining is eurerod with a glaae formed of lend emoko from 
the eondeneiug ohambeni which contoioi about per cent, of lead, mixed with at*out 
one-third of its weight of clay containh|g about 66 per cent, of silioa. These are 
mixed to a thin patite with water, and applied with a whitewasher's bruah. 

When required for use, the muffle so prepared is taknn to the tompuring oven, and 
in about three days is brought to a red heat. The glnso then melts, and any easily* 
combustible portion of carbon that may be contained in the lining is I hereby protect^ 
ftom oxidation. The muffle is finally taken to tlie zinc furnace upon a two-wheeled 
bogie, and set in the arch in the usual way. 

The charge consists of zinc skimmings, carofhlly separated by sifting tmm shots of 
metal, mixed with half the weight of cinders or breeze from the ashpits of the lead 
fhrnace, and pieces of coal of a size to pass throughsl inch to ^ inch ring, with a 
cover of the oxide of zinc skimmed from the surface of the zinc obtained in the distil- 
lation. The charge of eachanuffle is 137*6 lb? of argentiferous zinc dust, with 68*7 lb. of 
cinders. The condensers are inclfhed D* shaped clay tubes, with a sheet-iron rece^aola 
for fume in front, in which fhe zinc is collected in ^he usual way. The distillation 
lasta twenty-four hours, during the first three cadmiferous fume is collected in the 
iron receivers and put on one side. On the next day tlie zinc is removed from the 
tubes, and the whole of the lead and silver is found interspersed in globules through the 
residna in ihn muffle, which a^ drawn forward to the front of the ftimace and worked 
over twice with an iron scraper, to make the globules unite and run into a ladle. The 
lead so obtained! contains ab^t 2*6 per cent, of silver ; a farther quantity is collected 
at the bottom of the waggon in which the residua are removed, and goes to the next 
day’s collection. When cold the residues are sifted, and the finer material, which 
contains 61 per cent, of lead and about 1*8 per cent, of silver, is added in quantities 
of 4 tons to 20 tons of ore furnace lead, melted in a large pot, which is thereby suffi- 
ciently enriched to be capable of direct cupellation. The small quantity of residuum 
not dissolved iu this process is milted with lime, and treated in the ore- and slag- 
smelting furnaces. The coarse residna from the sifting, consisting mainly of cinders 
saturate with zinc and lead, go hack to the distillation furnaces. 

The ihimace is grod by gases produced from coal in a special generator, with a step 
grate and a blast in the ash-pit. They are burnt by a blast of air heated in a syphon- 
pipe heating stove by the waste flume. The complete furnace, consisting of two 
divisions of twenty-four muffles each, consumes 88 cwt. of coal per day, besides 6 ewt. 
employed in working the fan-blowers. 

When a muffle becomes leaky, which is known by the rsddiaii colour of the flame 
from the nozzle, the lust charge before removal is formed of zinc oxide eontaining 
load, but free from silver, in order to clear out the argentiferous lead, absorbed by 
the lining. The muffles generally last about twenty weeks. The chief point to be 
attended to is to conduct the operation at as low a temperature as possible, in order 
to prevent loss of lead , the residues, therefore, are removed while still containing 
from 1 to 2 per cent, of zinc. 

Experiments on the same process conducted in graphite muffles, such as are stated 
to be used for the same purpoee in North aAmerioa, did not give results as favourable 
as when day muffles lined with carbon were tlsed. — Dr. Wktioino. Z^aohrifi /tir daa 
Hutten’, und 8tUinan-We$en, xxii. parts 8 and 4 , pp. 170-179. MutTmoU of 
In&titvt¥m of Ciwl Enpinoon, 

ZiMC. Silver Lead AUoy, — Mr. A. Eilrrk, of New York City, hae communicated 
to the TVaneactione of the American Mining Engineere an excellent pnpar on the 
I American method of treating distillation toe Ano-s^ver lead alloy obtained in the 
desilverisation of lead. From thie we obtain the following : — 

In extracting the silver from work-lead by meant of zinc, it iialwavs the intention, 
in this country, to obtain a anc cruet so lico in silver that the rich lead reaulting 
from Bubeequent distillation oontains from 8 to 10 per cent, of ailver, or even more. 
Where the ordinary work-lead of the Western emelting worko, containing from 100 to 
300 oaa. of silver per ton ie treated, from 1*4 to 3 per cent, of sine is used, and it is only 
necessaiv to nse ue sscond and third additions or sine again in a subeequent op^tion, 
as addition No. 1, in order to bring them up to tha required etandard, the Mo. 1 of 
the flret operation being Ara^y rich enough fof the purpoee contemplated. When 
pooNr work-load ie tfeated (which, by the way, do^ not omn occur), uie same object 
M reaehad by the repeated uee^f Ihe Nfi. 1 zinc addition, as above mentiemedt in 
fOgard to additione 2 and 3 of the oroinarv proeese. One el^eot in making the zinn 
emst ae rich in silyeinie to render it leee liable to exidption in the following liqvatlon ; 
amther, to ehoiten and, therefore, oheapen the distillation itself. 

The ri^ zinc cruet ie liquated, at seme worke in veverbeiatoriei, at othene in hattlea 
etexding fat that purpoee near uie large desilveriemtion kettles. It la, faowetar, 
always the aim, not to produeo owff oaUtee, and for that raison the tempenttnn is kept 
exceedingly low, and aecoM of air ie limited as much as possible. In this fket Uew 
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the fundamental difference between our American distillation and that nt Tamowits. 
In carrying liquation not nearly so far, and therefore not producing anv oxides« we 
rid at once of an immense amount of work^ which the oxides formed at Tarnowite 
occasion ; and our immediate product oi silver reaches, in consequence, a far higher 
percentage. 

The liquated sine crust ip'as subjected to distillation before 1 870 by Mr. 
of Newark, but the process was at that time very expensive, in consequence of the 
frequent breaking of retorts, which cost from to ^16 a-piece. The retorts then 
used wore made of the same material and of the same shape as those used to-day. 
They are made of New Jersey clay and chamotte, and contain about 2A per cent, of 
plumbago. But at that time the neck of the retort had to be freed from the sur- 
rounding brick, and lowered arexy time at the end of a distillation, and this handling 
of the retort, while white hot, caused frequent breakage. This most serious objection 
to the process was, however, removed in 1870 by the invevtion of Mr. A. Faber du 
Faub’s tilting retort furnace, which has since been iihroduced in the majority of works 
in tbfli country. I ^ • 

The process of distillation now is ns follows : — 

The retort furnace is heated by moans of coke (at one works in the West crude 
petroleum is said to have been used instead of coke - this is probably so far advan- 
tageous, as thereby the formation of slag accretiona oh the outside of the retort is 
p^^evented) until the retort has become dark red. Then it is charged by means of a 
small cop^r shovel with liquated zinc-crust, which has 'previously been subjected to 
granulation. According to the richness of the alloy, and the size of the retort, a 
charge tilling the retort to the neck consists of from 250 to 400 lb. of alloy, wit li 
which from 8 to 6 lb. of small charcoal of bean to nut size hnve been mixed. Next, 
the condenser is put on ; this may either be made for the pur^>Be, being in that ca'^i' 
Minply a truncated cone of fire-clay, about 2 ft. long and of an inside diameter at the 
base a little larger than the outside diameter (tf the retort ; or it may be an old 
retort, which it is unsafe to expose to the white heat required for distillation, and 
which is thus mode to do duty for a while longer. The temperature is then at once 
raised to white heat, and kept so until the distillation is complrtf. The operation 
lasts from 8 to 10 hours, according to the percentage of zinc in the alloy. During all 
this time it is only necessary to keep the retort uniformly at a white heat. If this is 
neglected, a crust of chilled alloy is apt to form on top of the metal -bath, which, upon 
a renewed raising of the temperature, would cause an explosion in consequence of 
zinc-fumes suddenly developed under the crust. An ocoasional introduction of a small 
iron rod into the retort through the condenser servt'a to show the workman whether 
he has kept the temperature high enough. Experienced men never make a mistake 
in this respect. The metallic zinc, collecting in the condenser, and retained there by 
a rim of blue powder and oxide of zinc, forming around the mouth, is from time to 
time tapped, and the blue powder and oxide are quickly seraped into iron vessels, 
from wmoh the air can be excluded, the object being to prevent the oxidation of the 
blue powder. When sufficient metallic zinc has thus been collected, it is remelted in 
a kettle under a coal covering ; the oxide and impurities are taken off, and the metal 
is cost into plates, which are again used for desilverisation. From 40 to 50 per cent., 
and sometimes more, of the zinc originally added to the work-lead, is thus regiuiied 
in the form of plates, which contain only a trace of silver. The blue powder and 
oxide containing no more silver than the meti^l, and comprising about 1 0 to 20 per 
cent, of the original sine, ore sold to zinc works. Thus about 50 to 70 per cant, of 
the original zinc is obtained ag|un, tile remainder having been partly retained by the 
desilverised lead, the contents of which in all coses amount to tne somewhat constant 
figures of 0*7 to 0*8 per cent, of zinc to the whole mass of lead, and partly lost os oxide 
iweaping from the mouth of the condenser. 

‘men, in spite of a continued white heat, the zinc vapours are developed only 
sparingly, the process is carried as fi» as policy permits, the rich lead containing then 
still a trace of sine. At the same time it is desired that the sine contents of the rich 
lead should not be more than a trace, in order that serions losses from this cause may 
be avoided in the subsequent eajgellation. The condenser is then taken off, so that 
the zinc fumes, still in the rebent, iday more readily eBMpd? and the furnace is left to 
itself for a few minutes. Meanwhile m small two-wUleled waggon, carrying a cost" 
iron pot, lined with moulder’s sand of th0*iron-q{itti^ houses, is brought in Aont of 
the retort, a|id by tilting^ the whole furnace the rich lead is transferred in a sfereain 
to the ketde. After having hew cooled awhile, the metal is poized into lead moaldsr 
previously washed inside lirith lime milk, and well warmed. Those iikov]4e aft only 
half filled, in order to produce thin bars, which arf handier afterwards fer graduu 
Bddten on 'the English cupelling hearth. The residua remaining in the fstort after 
th«#ieharge of the rich lead, and consisting of a little chuooal and ii sera]^ 
wot with an iron hook, while the retort is yet tilted. The larger pieces of coal 
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lack into the retort in the next distillation. The small stuff and sing in kept separate, 
and is afterwards added in the smeltingf in which the rich litharge is r^uc^, or 
sometimes it in immersed in pour lead. The entire quantity produced during any one 
distillation should, after sifting out the large coal, not weigh over a pound nr two. 
If no dust or dirt has been allowed to got into the alloy before distillation, and if the 
tempemtuTH has been kept high enoi^h during that process, including the discharge 
of the retort, the remaining scraps will always bo found insignificant. 

A handful of flue charcoal-dust is now thrown into the discharged retort, the object 
being to prevent the oxidation of small lead globules, because litharge once formed 
would soon destroy the retort. Next, the furnace is turned back to its original 
position, the grate is cleaned, accretions of melted «aht8, which may have formed on 
the sides, are broken off, there is new coke |^ded. and the retort is at once filled with 
a now charge. A retort laAs noi^from lA to SO, or on an average for al>out 20 distilla- 
tions— the retorts bccnminc uns^icoablo principally on account of accretions the 
outside, which are melted coke ashes. To obviatesthis, firing with crude potroleum, 
and flame-fire from gas-generutors, have been proposed, liotli ways are, no doubt, 
practicable, and the Ihttor especially may result in a larm saving in fuel. 

The following are the resul^ of two campaigns of the PHNN8TLVA{rL4 Lhao Compant 
at Pittsburgh, as desenbod bj^Mr. E P. Euaicu, the metallurgist and superintendent 
of the works. In one of these, unrefined work-lead, os it comes from the shaft furnace 
of the company, was treated * in the other, work-lead refined before melting it down in 
the dosilverisation kettle. 


1. — DeSILYBRISATION ok WoRK-IiKAD IHltBCT KIloM THE ShAKT I'liRNArK. 

Lb. 


To the kettle: Impure wofk-lq|.d . 

Taken off : ‘ Schltcker ' (cuprous oxide) . 

. 87,294 

3,497 

' Silver ozs 

Komaiiis : Pure work-lead .... 

. 83,797 

with 6.303 6 

To this was Wded : Zinc .... 

The zinc-crust after liquation was . 

‘ Abstricli ’ from dezmeation of poor load 

Oxides and metallic lead from market -kettle . 
Load from liquation of zino-crust . 

Market-lead ....... 

1,760 
. 9.326 

. 7,810 
. 1,000 
808 
. 67.104 

oi‘2 1 por cent. 


IbsTirxATioN OP Liquated Zinl’-cbu(#t. 

The liquated zibc-crust was subjected to distillation in twenty-seven charges. 
Average charge SOS lb. of alloy, with 3 to 4 lb. of small charcoal, in 24 hours iwa 


distillations were effected m each retort. 

Lb. 

Charged : Liquated zinc-crusts T , 0,020 

Charcoal . . . 108 

Ilosult : Rich lead 7.6b0 

Metallic BcrapN ....... 390 

Charcoal, with little metal . not weighed 

Metallic zinc . • » • 

Blue powder and oxide . . . • . not weighed. 


Coke used : 410'4 bushels @ 40 lb. — 1*7 lb. por lb. of zinc-crnst. 

The metallic scraps were immersed in poor lead on the cupelling test, and then 
cupelling was continued in the usual way, by adding rich lead bars from time to time. 
By the immersion of the scraps in poor le^, 230 ozs. of silver were extracted from 
them. 

Rk81tj.ts. 

• • * 

^ V o/ Siloep 

In refined work-lead . • « . * . 

Obtained and proved : — 

Silver tapped from mst, 6,008'7A ozs. 0 '98D fine . • . 

Small pieces of silver from test, 150 ozs. 0 ‘970*finQ 

• 

directly obtained, silver 

Silver in ma«kot-lcud, O SS ozs. por ton in 07il04 lb. 


Ozs. 

. 6306*6 

Ozs. • 

. 6031*66 
146*60 

. ^r7816 
11*18 


VoL. IV. 


# 


ST 


6189*34 
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This leaves in litharge, hearth, retort*Mrape, oxides, and 
•cum from immersion, and liquation lead .... 11O’20 

• 63066 

4Ad the direct product of silver is 08 1 per cent. 


2. Control of Lead^ 


Unredned work -lead 

Obtained and nccounteS fo! : — 

*Schlioker’ 3,497 lb at 80 per cent. «... 

Lead in zinc-crust 

Soft markel-lcnd ^ 

Oxide and bcuiu from darket-lfettle. 1,000 lb. at 06 per cent 

Liquation lead 

Oxides from dezincution, 7,810 lb. at 80 per cent. . 


Lb. 

87.294 

Lb. 

2,757 

7,766 

67,104 

950 

808 

6.248 

86.B72 


Loss, about 1*0 per cent. 


1,622 


II. —Dusilterisation of Bufined Work-Lkad. 


To the kettle: Load 

Addeil: Zinc *■ 

Produced : Liquated zinc-crust . 

‘ Abet rich ’ from dozincation of poor load 
Oxides and metallic lead from market-kettle 
Market-lead .... 1 


Lb. , 

62,895 With silver, 6,105 0 ozs. 
1,360 
6.362 
3,500 

700 , 

53.420 


Distillation of Liquated Zinc-crust. 

The liquated zinc-crust was subjected to distillation in twenty charges. Charges 
4id time required were the same as in the first campaign. 

• Lb. 

Charged : Liquated zinc-crust ^,362 


Charcoal 80 

Besult : Rich lead 6,221 


Metallic scraps, charcoal, zinc, and oxides . not weighed 

c 

Coke used : 276 bushels at 40 lb. » 1*73 lb. per lb. of crust. 

The residue in the retort after the discharge of the rich load, i.e. metallic scraps 
and charcoal impregnated with metal, was not divided into two classes, as in the 
former case, but was all kept together, to be added in the reduction of the rich 
litharge at some future time. There was, therefore, no immersion in poor lead in this 
case, and consequently, a smaVer dfrect product of silver than in the previous cam- 
paign. * 

Results. 

1. Control of Siloor. 


Id refined work-lead ........ 6,166*0 

Obtained and proved : - Ozs. 

Silver tapped from test, 6,714*6<ozs. at *080 fine . a . 6,646*9 

Small silver pieces from tost, >15 ozs. at *070 fine . f * . » 1116 

Directly ^litained 7 *. , . 6,767 4 

In litharge, 6,200 lb. at 30 ozs. per ton . . . • « 78 0 

In market-lead, 63,420 lb. at 0*83 ozs. per too . . . .8*9 

5,84 

This leases in hearth and retort scraps . . * . . . 32 

® 6,165*0 

And the direct product of silver is 93*3 per cent. «, 
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2. Coi^tol nf Lead, 


Refined work-lead 

Obtained and accounted for : — « Lb. 

Market-lead 53,420 

* Abstrieh’ from deeinoation, 3,500 lb. at 80 per cont. . 2,800 

Oxide and metallic acum from market-kettle, 700 lb. at 05 

per cent 005 

Lead in zinc-crust 6.002 


Loss, 1‘7 per cent 


Lb. 

02,895 


01.887 

1,008 

02,^95 


In both campaigns above cite<l, the loss of lead, which will take place upon reduc- 
tion and further treatment of oxides and other intermediate products, is not taken 
into account, as it could not be directly ascertained. From former experience, how- 
ever, the total loss of lead in*rofining, i.». adding to what is given*here the loss in the 
further treatment of all middle products, is from 3 to 4 per cent, of the original weight 
of tile unrefined work-lead. • 

It is to be regretted that the direct proof could not bo furnished that the silver, 
tiot directly produced, is really all in the various intermediate products given above. 
Hut as long as the works are nut so situated that these by-products can be worked bv 
thomst lves, this cannot bo done, and wo must be satisflod to find at the end of each 
year, when the balance is atrui^ that the suiiposition has boon correct. 

Since new and large desilvorisaSkon kettles have been introduced and so set as to 
prevent an incorivenienl cooling of the upper part during skimmibg, the silver contents 
of the refined load have been brought down to the low figures of from 4 to 8 grams 
in a ton. These limits can now lie maintained regularly. The following is a late 
analysis by Dr. O. Wuth, of market-load produced from Utah and Colorado ores, and 
subjected to desilverisation by zinc without a preparatory refining. The sample was 
taken from one out of ten charges, all which were made tm of lead obtained from the 
same ores. This lead is used by the Pittsburgh White Lead Works, which are sub- 
stantiaily under the same control as the smelting warks ; 


Silver . 


, , 

, 

, 

000042 

Antimony 



. 


000051 

Gopper . 





0 00007 

Zme 





0 00088 

Iron 





trace 

Sulphur. 





000018 

Lead 


• . 



. 9999844 
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By comparison with the analyses of the gre.it majority of the foreign brands, used 
for the same purpose, it will be observed that the Pittsbuigh lead Is superior, and 
ranks with the best made in any part of the worl£ > 

The only unsatisfactory feature of the American method of distillation is the large 
consumption of fuel, which is connected with it. in the present apparatus. This has 
led to the construction of other furnaces, which are heated either by flame-fire or gas. 
and though at present the general results obtained are still doubtfbl, the saving of 
fbal intended is absolutely proved.— 7 raiMacfiofM o/'fAe American InMtUvieaf Mining 
Rngjineere, 

Zmo. Ornamental A^lioation,—T\ne Bcimtific American has the following re- 
marks npon the application of zinc for usefbl an j prnamental purposes Although 
the use of some ores of zine*aba means for producing brass was known to the ancients, 
zinc HB a metal was nQt known^ it did not for a long time meet with any use alone* 
In consequence, the production o^thiji plenififul met^ was a limited one. At the be- 
ginning of the present century scarce 200 tons of zinc were produced in%U Kurope., 
while at present the t4rtal prodnetion is about 125,000 tons. 

It would seem as if zinc, on account of its low** melting point and its relatively 
great power of resisting the actioq of the* atm<^hcre, were excellently svell adapl^ 
to the mannfkcture of all sorts of things ; but its brittleness restricted its use within 
naxTow limits. « In 1805 is was discovered at Birmingfanm that zinc heated to 212^ 
Fahr. lost its brittleness, and from that time forward nnc liegan to be used alohe, and 
* 3x2 
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e^poci.illy for roofing ; but this uro was soon aliundoned, on account of the difficulty 
of fastening the sheets, and hits been but r^eutly renewed. For a long time only 
large musses, like weights, were cast in sine. This use was nut nearly sufficient to 
consume the quantities of sine which could be obtained in Silesia, and hence in 1826 
the Society for tiie Advancement of Industry in Prussia offered a prise for the dis- 
covery of a use for sine which should cause an essential and ^nerally useful increase 
in the consumption of the metal. The prise was won by Berlin. KuiHasB, the chief 
mining councillor, first ascertained that it was possible to cast hollow pieces as well 
as plates and solid masses, and he had a number of utensils made of zinc for his 
household, but did not extend it farther. It happened, however, that a friend of his 
named Gatss, who was the prupri^tor of an establishment for making fine iron cast- 
ings, was hunting around for a suitable material for casting largo architectural oriia- 
ments, and the idea struck him of empko^tng zinc. Heiein he found a material 
which melted at a low teiqperature, and which could 4>e cost in moulds of moist sand, 
whiefi was easily worked When ca|t, and which above all-«for this is of the greatest 
importance in making very la^e pieces — could be easily soldered. Guias, whoHo 
factory is still standing in Berlin, now began to experiment very zealously. Bkiitu 
and ScuiiOLUL also interested themselves in it, and lUrlin soon began to employ zinc 
columns, capitals, architraves, cornices, and similar piecAiof architectural work. The 
ro>ul WHS now broken for zinc casting, and zinc foundriel^ sprang up rapidly in Boiliii 
and other large cities; the price of zinc, wiiich had fallen to $\ fiOe., soon rose tu 
60c., and the production of zinc in Europe increased considerably, as previously 
stated ; but the returns available do not enable us to state with exactness the present 
production. 

The increase of production of this metal, not being followed Ik any decrease in price, 
shows that the oraplo^ont of zinc for casting objects of general use has been kept 
up, and that its use has not been liinitod to anthitecture. As soon as it became 
known that zinc could be so readily employed for easting, it began to be used fur 
chandeliers and die like, where it served a good purpose as sulmtitute for the more 
expensive bronze. The introducliou of this ube of zinc is prineipajlv due to Spinn ; 
l)BTaBANNB employed it for theatre decorations, a iwe founded upon the power of 
polished zinc to reflect the light. Finally zinc was employed for making copies of 
large statues, which could thus be very cheaply produced. Gniss at the very begin- 
ning cultivated this use of zinc, but it first came into practical use wlien Hossxukb 
introduced a process of depositing upon the zinc structures a layer of copper by 
galvanic action. When thus emted, they soon acquired the appearance of genuine 
bronze. This use of zinc is still quite general, as it enables persons of moderate 
means to possess excellent works of art. They are made chiefiy by Lippold and Qbiss. 

At present a great variety of articles are cast in zinc in Berlin ; candlesticks and 
Utfll smaller objects, chandeliers and gas brackets, statues and huge architectural 
pieces, whole monuments, siid oven pieces 80 fi^et or 40 feet high and weighing half 
a too, are made of this metal. All tins great variety can be made in the same estab- 
lishment, for the operation is exactly the same with all. If we eutcr a zinc foundry, 
we see no huge contrivanci's ; in the courtyard, perhaps, a copy of the colossal 
* Amazon,' by Kiss, as large as the original, or perhaps a monument 20 feet high ; we 
enter the works and find very small furnaces, small crucibles, and, in fiict, only a 
small space for carting. The explanation of this is in the ease with which zinc is 
soldered. Eveiything, however artistic, is cast in small pieces weighing not over 
10 lb. each, and then soldered ^gelher. For all such things the patterns only are 
kept ; and when a cast is ordered a sand mould is made, the pieces cast separately 
and soldered together, and the joints finished off. In consequence of the small 
arrangements and fittings required by such fbundnes, their number in Berlin alone 
is quite considerable, there bring about fifty in all. The majority of them, l^wever, 
combine zinc casting with bronse casting ; these are the manufactories of lamps, gas 
flxfwrest tind cheap substitutea for bronze ornaments. 

The trine foundries, in the narrower sense, w'hose cliief productions are architectural 
pieceuand duplicates of plastic works of art, employ about 800 hands. Berlin, whore 
indnatry originated, and wfteffe it is conducted yith truly artistic taste, still 
takes leM therein. * f s 

Ziiro a» a Ditincriiaiani in Steam BotM.^-Thp dmappearance of the zinc from the 
yellow mem plates, leaving only a sponfi^ copper mass, in some branwork attached to 
the eondenser of the stramsh^ Albert Ted M. P. O. E. LiBsx;»uia to experiment as to 
pfesenriitire action of sine in stnam boilers. In connection with M. Cb. Hatbalt, 
a trial was undertaken with a boiler fed from the Loire. At the oomple- 

time examination ehowed that the zinS had disappeared, the scale W 
fiilte fn ttiin plates to the bottom of the boiler, and simply washing oii( was suflBcient 
to TtjatArm all traces. The avtiior draws attention to the effects produced under ffpftb 
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difTercnt conditions, in one cmp with sea water containing a large prt>porlion of salt, 
ill the other with water containing nothing but eilicntos ; hu sought to dotonuine the 
causes of the disappearance of the metal and non-adherence of the scale. When two 
metals of a different nature are in pAsence of a conducting medium, an clectrio 
current is produced, flowing from the most affected to that least attacked Under 
this influence the water is decomposed, the oxygen, in the case of sine in an iron 
iKiiler, being taken up bv the sine, and the hydr<^gcn set free. The editors of the 
Annalea de Chemie tt de very wisely remark that prol>ably the incessant 

reproduction of hydrogen gas upon the surtacc ot the iron impedes the adherence of 
the deposit by preventing intimate contact with the metal, and by breaking up the 
pellicle at the moment of its formation. The proportion of eido to be introduceu into 
a boiler is estimated at 20 kilo/i^ramB per 100 horsagiower for three months. As 
scrap zinc may be used, the cost is not large. 

ZiKC. * Galvanmng'^n . — The folltwing process is carried on at the works of 
Messrs. A i.kxxkiier McC^bss a«d Co., New Yorx. The sheets, which are proptired at 
the rolling mill of the fir^ at Phillipsbuig, are brought to the works in bundlA, and 
immersed in a vat of dilute sulphuric acid. The vat, which is lined with lead, is 
flUed with water to about 4 in. below the top of the sheets, which are placed in the 
vat on their edges. Sulphuric acid is then poured in until the liquid just covers the 
metal. Ten bundles of hlH>et iron, ei^ch weighing 16(1 Ih., ar» placed in the vat, 
and half a carboy of acid med. These bundles remain in pickle for an hour and a 
half, after which they are gemoved, 10 more bundles placed in the vat, and half a 
carboy of acid added. 'V^en those bist bundles have been pickled and removed, tbe 
whole contents of the vat must be allowed to run off. Tliih refuse is used to galvanise 
miscellauooiis matters, such as ships’ Ixilts, nails, spikes, anchors, chains, dec. The vat 
is filled again with fresh water and acid, and 20 bundles more are prepared in a similai 
manner. Upon being taken from the sulphuric acid vat the sheets are immediately 
immersed in an alkaline solul!ion,^ta8h lieing preferable, and the acid adhering to 
them neutralised. The sheets are next immersed in vats of ^pure water, from which 
they are afterwards taken, placed upon the bench, and vigorously scoured and scraped. 
These minute precautiona are token because it is absolutely necessary to have the 
sheets clean, lAce dirt cannot be galvanised. The sheets are next thrown back into 
vats of water, and afterwards immersed in vats of strong muriatic acid, which de- 
velops on the surface of the iron an affinity for the zinc. The sheets remain in the 
muriatic acid vat a short time, and are soon removed and placed in a large drying 
oven on cars, and as soon &s a carload is dried it is run out to the galvanising tank. 
The latter is made of charcuid-blooiq iron almut 1 in. in thickness, and is 4 ft. deep 
by 23 in. wide and 11 ft. long. Its capacity is, therefore, nearly 660 galLons. It is 
built in brick, being surrounded by 8 in. of fire brick and 10 in. of ordinary brick. 
These precautions must be taken, because the tank always contains ftom 60*000 lb. to 
00,000 lb. of melted zinc. The tanks burn out in six months, at the end of wlAeh 
time a new tank is built up in another place, and the melted zinc poured from the old 
one into the new, for the molten metal is never allowed to solidify. About 26 plates, 
or about half a ton of spelter, are added to the mass every day. A partition, dipping 
only a few inches below tbe top of the«>molten msLal, extends across the top of the 
tank. Upon one side of this partition or strip sa^ummoniac is thrown upon the zinc, 
and on the other side is thrown sand, both materials floating on the sur^e, the par- 
tition preventing them iVom mingling. The operation proceeds very regulady. One 
person on the sal-ammoniac side of the tank takes the shoots of iron from the car on 
which they have been drawn from the oven, andsimoierses one at a time in the liquid 
metal. 'V^en the sheet is entirely under, he pushes^ts top edge over by means of a 
lever pivoted upon the edge of the tank. Previous to inserting the sheet, tbe work- 
man has a rod, terminating in a hook in tbe metal, and as the sheet goes down below 
the surface its lower edge falls in the hook. The lover pushes over the top edge 
under the partition to the other side of the tank, and when this has been dona the 
workman raises the sheet up a short distance with his hook. All this baa for Its 
object simply to keep hold of the iron while immersed in tlie zinc, as otheewise it 
might be oimcult to And it when it had been passed to the other side of the tank. 
From the moment the sheet appears alcove the suifaco of the zinc the operatioii«of 
rainng it must be cgntinue^lirithout stopping tilldt is entirely out bf the tath, for if 
it stops for an instaflt a broad streak is w across its surfo^. Consequently, when 
the ed^ appears above the melled Ihetal, it is seized by two ^ra of uppers, one qf 
which Is suspended a pulley, and hoisted out of the bath. li^aesiqgWt tha eheet 
is cleaned by the sand floating on the surface of« the metal. men can pace 60 

bundles of sheet iron through the bath ia 8 hours. Tbe sheet ie next pasaed between 
three rolls to take out 'the bhckle,' and afterwards through the rblli again to 
straighten it. 

no. BllBBT. (Yol. lii. p. 1187.) In that aitiole it is stated that Mcesra. 
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UoBsoir and Sylths/rr patepted a process for rolling sheet zinc for covering the roofu 
of houses and for sheathing ships. 44,000 tons of cine are stated to be manufactured 
into sheets for various purfwses, but objecti(^s have been raised to its use, on account 
of its rapid oxidation. This question appears to be fully answered. 

The ZeiUchfift fur Gewerhe reproduces the calculations as to the durability of zinc 
made by Dr. PETTRNXoFBSi^in DiNOLan’s Journal some vears since, but points out an 
error in them. Rectifying these afresh, on the basis that the oxidation of 1 square 
foot reaches 8*381 grams in twenty-seven years, the Zeit8chr\ft finds that a sheet of 
zinc ^ millimetre thick would occupy 1,243 years in complete oxidation. A weight of 
1*38 1 grams of zinc spread over the surface of a square foot would make a layer only 
five-thousandth of a line thick. If the sheet be 0*26 line millimetre) thick, tliere 
will be 46*04 such layers, ard this multiplied by 27 gives 1,243, the total number 
of years. 

KXVC TWb&VKXBB. ZnTe. Tellu^um and zinc crmbino with incandescence 
at a temperature between |.ho melting point of the Vwo substances. The resulting 
mass^as a metallic lustre and gives a cinnabar red powdtC*. When it is heated in a 
porcelain tube in a gentle current of hydrogen, ruby red crystals are deposited in the 
cooler parts of the tube. These crystals are regular hexagonal prisms with trihedral 
summits; specific gravity 6*34 at 16° C. 

KWO. WBira. (Vol. iii. p. 1193.) M. PiEBRk Thomas, of Madrngne-de- 
Montredon, France, haa introduced a new process for th^ direct formation of the oxide 
of zinc. “ 

The improved process consists in dissolving the zinc of any zinc-producing matter, 
ores, alloy, or metal, in hydrochloric acid, and then precipitating it in the state of 
hydrate by its equivalent of lime, and in calcining this hydrate at a red heat. 

WiUi pure zinc, pure acid, and pure lime, a w^ito is thus oi’'^tainod which may be 
comparea witli the finest zinc white manufactured. 

There are some difficulties in obtaining a solution of chloride of zinc free from 
impurities. As it is not always possible to obtain pure hydrochloric acid, it is 
necessary, in order to secure a favourable result, to purify it with chloride of barium. 
By leaving the solution of zinc while hut in contact for some time with inotiillic zinc, 
all foreign metals, except manganese, are precipitated. 

When once the oxide of zinc has been precipitated, and washed long enough for 
the washing water to be free of lime or its chloride, it is dried and calcined at a 
cherry red heat. 

It IS contended by the inventor of the process that the advantages are - 1st. The 
manufacture of zinc white W means of metallic zinc, waste zinc, or fthy alloys of zinc 
attackable by acids. 2nd. The direct treatment of ores, calamineiN, or blendes. 3rd. 
The economical treatment of the argentiferous masses resulting from the use of zinc 
in desilveriemg lead. 

zaoOVB. ^Vol. iii. p. 1193.) According to the mineral statistics of Victoria 
for 1876, as compiled by Mr. Thomas Coucmmah, Becrotaiy of Mines, zircons, and a 
quantity of fine ciystalline sand, which closely resembled zircon sand, has beeu found 
at Possum Hill, Orville. Zircon sand has'^lso been discovered in the mountain 
stYeami of the Walhalla range. All the zircons are crystalline, and some nearly perfect. 

Hyaoimth^ Jargoon, Hrw Sotrrdf Wales. — The transparent red varieties are known 
as hyacinths, the smoky jargoon : while the grey, brown, &c., are known as zircons. 

TUs mineral is found in granite on the Mitta Mitta, and on the Moama River, 
some 4 miles west of Jillomalong Hill. 

Zircons are very common in^the^auriferous river sands and drifts, as at Uralla, 
Bingera, Two-mile Fhit, the Oudgegong, Macquarie, Abercrombie, Shoolhaven, and 
other rivers. 

They are of course usually more or less rolled, but occasionally the crystalline form 
is well preserved ; they vary much in colour, from more or less colourless and trans- 
parent through ^ to crimson, brown, and opaque ; they are also found of a 
clear transparent green, but these aie rarer than the others. —Professor LiwnsinoB, 
Aftasrals of New South WaUt, 

In eranites are often observed microscopical grains of a colourless, or bi^wn, 
Hte^ngfy refracting mineral, which 'exhibit brilliant colo^ in polarised light and 
cxystalUse in tho quadratic system! These crystals arS oonridqf'M by the author to 
be zircon. Swedish granite may be said^ coqtai^ zircon as a constant aeeessoiy, 
whilst zircoi^ also ooeurs in the granites of Switzerland, Savoy, Tyrol, and Norw 
IkilMca. ZireoD is also founds the meiss of Sweden, and in tne felsite, porphyry, 
efiriKijtttd hlllefiinta of diflhrent ibemities. — A. £. Fobmzbohh, JcJtfhr,.^ Min^ 
1877.'^. . 

saSBSTS. This mineral occurs in two forms, a black variety and a light gre^n 
one. These minerals have been called by some Arfverdsonite, but neither oi them 
have the composition of that ntlhenil. ^ 



additions 


So rapid baa been tbe pi;pgroBB of diacoTary iu several branches of scientj^, aud 
BO numerous have been ito applioafions, that, since some of the articles in this 
volume of the Dictionai^ have been printed, new and important matters have 
invited attention. It is therefore thought desirable to give a few brief notices 
here of those subjects which appear to bo of the greatest practical importance, 
Bft that the information respecting them may bo brought up to the latest period. 


(Kxp].oBnrB Compounds, p. S66.) This name has 
been Kiven by Mr. NohsL — whose name is connected with nitro-glycerine and 
dynamite— to a new explosive compound. ' 

This Mdasting gelatine’ consists of about 96 per cent of nitro-glycerine, and from 
6 to 7 per cent, of collodion. When mixed these form a gelatinous substance which is 
easily made into cartridges, cakes, or balls. It is stated that this explosive compound 
is not in the slightest degree liable to exudation, and that it is quite impervious to 
water. It is fired in the same way as dynamite is, but it is said to be at least 60 
per cent, stronger than that substance. 

■UDOTIilO liZOHT* At page 339 will be found many important particulars 
l)earing upon the question of the application of electricity as an illuminating agent. 
The following remarks by Dr. C. W. Sibmiinb, President of the Society of Telegraphic 
Engineers, n^e in an address to that body on January 23, are so much to the point, 
especially in respect to tbe use of eLeetricit}i in our lighthouses, that it is thought 
desirable to give them in this place. 

* Dr. Ttmdall and Mr. Douglass, chief engitmer to the Trinity Board, in reporting 
lateljr to tbe Elder Brethren upon the power or different forms of magneto-electric 
machines and their applicability to lighthouses, give, a table showing that a machine 
weighing not more than 8 cwt. is cajpSble of p^ucing a light eoual to 1,260-candla 
power per horse-power expenditure of mechanical energy. .^Burning that each horae- 
18 maintained with an expenditure of 3 lb. of coal per hour (which is an ex- 
« estimate), it would appear that 1 lb. of com suffices to maintain a light equal 
17} normal candles for one hour. The same amount of light would be pz^ueed 
f 189 cubic feet of gas of 18*candle power, for the {uoduction of which 80 lb. of 
is eonsumed. Assuming that of this quantity, after heating the retorts, &e., 

IT oent. is returned in the form of gas coke, there remuns a net axpe^ijaiMtfii 
)i of coal in the case of gas lighting to produce the effect^f^^MHMHmpraded 
rotio of 16 to 1 iu Add to the Odvaa- 

tages of cheapness in mamlerillBeS’ttOd Uf fl!" feuu^ capital expenditure in favour of 
the electric l&ht, thoee ofite great superiority ip Quality, and its freedom ftmn the 
deleterious ef^ts (A gas in\eatii^ and TOllutinp the atmosphere in which it Igiflui, 
and it seems not im^bable that it will Mpersede before long its competitor in many 
of its applications. For lightloulhs, for militi^ purpoaes, and for the illumination 
of la^ .works and public buildings, the electric light has alr^y made slCady prograsl, 
while for domeetio applications the electric candlb pxbpoaed by JaBLisovr, or imUl> 
cations of the isme, are likely to solve the difficulty of moderating and diaCribtttlag 
the intense light produced by tSe ordinary electric lamp. The eonplate loaliMtion 
of all the a^sntages of the electric light remains,' however, a problem to be sqlved, 
and it woulobe extravagant to expect from applioations on a small scales inch as have 
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liillxTto bceu made, anythiug lil^e the amount of relative advantage iudioatod bj 
theory.’ ® 

The editor of this Dictionary was awarded the Telford Medal by the Institute of 
Civil Engineers for a paper on the application of Electricity as a Motive Power. In 
that paper he stated that tl!^ cost of obtaining mechanical power was so great, as to 
render almost hopeless the prospect of applying electricity as a means for driving 
macliinory. This applied, then, equally to electric illumination. Dr. Siemens, Qkamme, 
and others (seepp. 339-340) have certainly greatly increased the probability of em< 
ploying electricity, with economy, as a motive, or as an illuminating, power; but the 
problem of converting eleetric|l force into meclmnical power or illuminating energy, 
with commercial advantage, has ydt to be solved. 

OABBSi Condensatum q/*, vnto Liquid and Solid Form. — The condensation of the 
^ gases belongs stiSctly to the Dictionary of Chenmtry^ but the future results promise 
to be So all-important, that it is thought necessary to give the history of the experiments 
made by M. Caillbtrt in Paris and of M. Raoul PiCtet at Qoneva in this addenda. 

Binoxidr of IViVrGq'cn.— Towards the end of last year (November) M. CAiLLKrKT 
liquoiied the binoxide of nitrogen under a pressure of 146 atmospheres, and at the 
temperature of 1 1 ° of cold. r 

Oxygen. — The following notice is from the Journal de (^ihe : — ^ 

' One of the most interesting experiments in physics made in our time has been 
carried out here with great success in the laboratory belonging to the SaEXTiFic 
Instrumknt Company. Our fellow-citizen, M. lUoui. Pictet, has snccoodod by the 
help of ingeniously disposed appanitus in obtaining ^xygen in 1 ' 7 /e form of a liquid. 
By a double circulation of sulphurous acid and cartonic acid, the latter gas, as is well 
known, is liquefied at a temperature of 66° of cold under a pressure of from 4 to 6 
atmospheres. The details of the experiment are thep as follows:— The liquefied car- 
bonic acid is led into a tube 4 mitres in length ; two compouq^-action pumps make a 
barometric vacuum in this acid, which solidifies, owing to the difference of prossuie 
In the interior of this first tulie, containing the solidified carbonic acids, passes a 
smaller tube, in which there circulates a stream of oxygen. The oxygen is yieldrd 
by chlorate of potass, in a strongly made cylindrical generator with egg-shaped ends. 
The generator will resist a pressure of 800 atmospheres. On the morning of De- 
cember 22 the apparatus was put in proper trim, and when the pressure reached 300 
atmospheres, a jet of liquid oxygen spurted from the end of the tube at the moment 
when the compressed and frozen gas passed from this high pressure to that of a single 
atmosphere. The great interest of the experiment lies in the experimental demon- 
stration supplied by it of the mecnanical theory of heat, aiding, as it does, in tlie proof 
that all the gases are vapours capable of successive transmutation from the gaseous 
to the liquid state, and irom the liquid to the solid form.’ 

On January 24 this interesting result was brought before the Acad^mie des Sciences, 
and ft-om the Comptee Rendua we traD||ate the following official report, which gives 
the complete history of the discoveries: — 

M. H. SADtra-OLAiBB Deviuji reports that M. Caiubtet repeated his experiments 
on the condensation of oxygen in the laboratory of the Ecole Nommle on Sunday, 
December 16. His succeee was complete. If the account of them (dated December 2) 
was not published till to-day (December 24), the reason was that M. Cailletbt was 
a candidate for the place of correspondent given him by the Academy, in its sitting 
on December 17; that he did nol eye to put in on the lOtb, when his testimonials 
wore being examined, scientifle w8rk, the results of which had not been confirmed by 
experiments conducted in the presence of competent witnesses. And on ^e 1 7th, the 
day of his election, he did not think it fitting to publish a fact, important, it is true, 
but undiscussed in the secret committee of the 10th. Fortunately, however, 1 had 
^aken the raecaution, on the SOtfa, of sealing, and having signed by our peroetui ' 
•ecrejir^* ^ letter containing both the news of his discovery and the conflwtii 
expressfon of sentiment by which he was then guided. The priorit , 

therefore, belongs to him unqueobiuL'l^Jv. Jhjt I ought t/\«jv^*£natlEC.*llAonL 
remarkable operations are n<jt in t^i^lightest dome discredited thereby. His modw 
op^nindi is altogether different that of M, OAU^Storvr. ^e freezing proeeee 
founded on the expansion of a gas or a vapour, a pnnciplh whim had not hitherto 
been applied, and M. Caxllbtht’s simple apparatre, iodicate instructive experimenta- 
tion in mturr researches. It is ten years since, to my own knoi^ledge, that M. Caif,- 
jmer began to lay the foundauons' of his present experiments: Being desirous of 
obtainity. under all cireumatancos. precise .and rigorously measured results, he 
pare^ at the cpst of long labour, the free air-pressum gauges, the deaefiption of which 
nos been published in our Cotnptaa Randua, and has carefully studied, the thermometrie 
appezatuB dUe to M. Bkqnavlt and M. Bebthelot. * 
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M. Jamih regarded the poesibilitj of liquefying' or eolidifying oxygen ai now de- 
monstrated. M. PiCTwr’s adds little to M. CAiLanrirr’s, einoe, although the former 
gentleman was the first to state that ne had seen oxygen precipitating itself in a 
liquid form, the mist perceived by M. OaiLLBrnr at the moment of expansion shown 
that the oxv^n had ceased to be transparent, i.e. gaseogg, and that it had become a 
solid or a liquid. To have seen the liquid or the mist, although unhble to collect 
cither, is a sufficient evidence of the condensation. 


M. Dumas considered that the independence of the researches of the two gentlemen 
in question had been fully established. Pureuing the same object, creating meth^s 
ana appliances which cannot be improvised, each nad afrived, by his own road, at the 
same result, neither having any knowledge of his qvaVs labours. 

M. Rhokault informed the Academy thai he was present five years 'stnee at the 
first preliminary experiments .made at Gene^’a by M. R. PiCTir and JH. Dk la Rrm 
with a view to obtain the lii^iilfnction of ^scs. • ^ 

M. Bbrthblot, white dfimitting the originality of M. Pictvt'b experiments, obsei^'ed 
that the experiments conducted by M. CATLLnTKT on the liquefaction of oxygen are the 
necessary and foreseen result of the researches of the latter gentleman on the lique- 
faction of the binoxide of nitrogen, published in the Complu Rtndua for Novem^r 26, 
itself a sequel of the liqueffiction of acetylene (reported on November 6). His Aperi- 
Tnont on the liquefaction of oxygen during expansion was mode on December 16 at 
the laboratory of the Ecolb Normale, before several members of the institute and other 
scientific gentlemen, under the amplest conditions of publicity, just a week ago. We 
cannot, pursued M.^orthelot, refuse to acknowledge the importance of the logical 
order of the serie^f experiments above detailed, which have been spread over a 
period of a couple of months, and have recalled the attention of our learuM men to a 
problem which remained in /uspenae many years on account of practical diffleultios 
apparently insurmountable. After being the first to show, in an unexpected manner, 
how probable the solutien of this problem was becoming in' the hands of experimenters 
provmed with sufficient means for carrying out their experiments, M. CAiLuerirr has 
been his own first followft, by reducing the greater number of the gMes hitherto 
deemed incoorcible, namely, the binoxide of nitrogen, marsh gas, carbonic oxide, and 


oxygen. 

Nitrogen. ->M. PiCTirr thus announces the liquefaction of nitrogen to the French 
Academy : — 

* Pure and dry nitrogen, compressed at about 200 atmospheres at 4 80°, and then 
suddenly expanded, is completely condensed. Fiiut of all appears a substance looking 
like a pulverised liquid, in little drops of appreciable volume ; then this liquid dis- 
appears little by little from the walls towards the centre of the tube, forming at last 
a sort of vertical column, the axis of which follows the axis of the tulje itself. The 


total duration of the phenomenon is about three seconds. These appearances leave 
no doubt whatever as to the true character of ^the phenomenon. I first made the 
experiment at home, at a temperature of ~ 2^, and repeated it a large number of 
times in the course of yesterday, Dec-ember 30, in the laboratory of the Ecole Normale, 
in the presence of many scientific men, among |^hom were several members of the 
Academy. The venerated M. BoussuroAirLT, whose name 1 am permitted to mention, 
was one of the latter.* k 

H^rogen.—NL. Raoul Fictot thus describes hit alnkiiig experiments 
* 1 have the satisfaction ot communicating to you ^ result of an experiment made 
on Thursday, January 10, teiminatizig in the liqueAiction and solidification of hydrogen. 
1 made use of exactly the same apparatus as for the liquefaction of oxygen, employing 
protoxide of nitrogen instead of carbonic acid. 

*To obtain the hydrogen under pressure I employed the dedOmposition of formiate 
of potass by caustic potass. The hydrogen was liberated without any trace of water, 
ana the residue is not volatile ~two conditions sssential for the riTOrous aecuraoy at' 
the obMrvationB. The temperature of the reaction is well defiuea and did not rise. 
Thi liberation of hydrogen proceeded with perfect regularity. The ps e e p u w reached 
6|Mi afeaSospherei before becoming stationary, pm l^rogen disengmdoorrespondml 
Iteves at eero. TheJ&old was about ~ 1 tO^ (I have not yet eWted the nmi* 


% Iseued iricn vehcm^ce^from toe orifloe, producing a sharp hissing sound. 
iMaetael blue colour, and was perfectly opaque iatp lenm of ^ut 12 
lieifc Ai tils same time a rsttliug was heardtfipon the floor like thk nofse 
f Isil&t^ing upon the ground, and the bifting was ebanged llttpa^Fhletl^ 
iliintiM that hear^w&n a piece^f sodium is thrown noon UmCi Almost 
became intermittent, and shocks were felt in the 
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Durinf^ the first stream tfe pressure fell fh>m 660 atmospheres to 870. After 
closing the cock the pressure dimhiished gradually during seveml minutes down to 
216 atmospheres ; it then rose again slowly up to 226, at which it again became 
stationary. I reopened the cock ; but the jet issued in such an intermittent manner 
tliat it was evident hjdrog^ h^ congMilpd in the tube. This hypothesis was de- 
monstrated the progressive exit of all the hydrogen when I hod stopped the pumps 
and the production of cold. I explain the difSmnce between these results and those 
which 1 obtained for oxygon as follows : — 

The atomic weight of hydrogen is ^h of that of oxygen ; therefore the latent bent 
of liquid hydrogen must be cA^inly ten times that of oxygen. As soon as the exit 
cock is opened n portion of tht liquid stored in the tnoe evaporates, absorbing such 
an amount of heat by this change of stdto that the rest solidifies in the tube even 
before it can be drii'en put. u 

* ' Dui'ing mure than a quarter ^ an hour wo had suc6i*ssive discharges of uydrogon 

through the orifice. The fog produced by the sudden ezpiansion of the gas at the 
commencement of the experiment descended as fur as the ground ; but it ceased cum- 
pletelv as soon as the jet became iutermittent, which corresponded to the congelation 
of hydrogen in the interior of the tube. It is impossible to confound the vesicular 
fog o'^ the gas with the appearance ol the lii^uid jet at the outset. These difiereiit 
appoamnces are perfectly distinct, and give rise to no amlfiguity. 

* I know the volume of the residue, which is only Carbonate of potass ; and I shall 
be able in the next experiment to determine the dMisity of liquid hydrogen.’ 

* A Memovr aur la LiqtdfaoHon de VOxyghxa^ la Ltgu^actioa^i^ la ^idificafion da 
VHydroghae^ at aur laa TMoriaa dea Chai^manU^Hat 1^‘a Lorpa^ by M. Raoul 
Picm, will be found in the * Archives des Sciences Physiques et Naturelles’ of 
Geneva for January 16, 1878. 

IMSr, »BOSFBOSVS XW. (See pp. 474 and 483.) Purification of iron as 
given by Mr. I. Lowthiah Bkll in his provisional sj^ifleation : — 

* Most iron ores contain pbosphorus, generally in tne form of phosphoric acid, whidi, 
when exposed to the reducing agency of the blast famHoe,l(ftcs its oxygen, leaving the 
phosphorus to combine with the p'g iron. Malleable iron, when manufactured from 
pig containing an excessive quantity of phosphorus, is apt to be brittle, owing to the 
difficulty of sufficiently ridding the mem under treatment of this substance. Steel 
containing something under two< tenths of n unit per cent, of phosphorus is uumunapieable 
in the su^quent stages of its manufacture. In the Busbbmuu converter and in the * 
open hearth no appreciable separation of the phosphorus takes place, hence pig iron 
containing much above one-tenth of a unit per cent, is useless as a steel-making 
material. I believe that the cause of this b due to the temperature of the puddling 
furnace, and that of the steel processes referred to, being too elevated to permit tba.^ 
phosphorus to be carried off in the alagi. My invention cousisrs in exposing fiuid 1 
east iron to a bath of molten oxide pf ir6n at a much lower temperature than thal^ 
emplpyed in paddling iron. These tw^ substauces are agitated toother in an 

able way, but the m^e which 1 have found most effectual is to introduce ti 
into a revolving cylinder of iron, liq^ or ’ fettled,’ as it is termed, like an ordiq 
rotating pudding fumasa^ The moderate temperature at which the opeiatiadr^ 
carried on permits the j^oiphorjw to be more periecUy removed than hapfienB at ^ 
more elevated tempewture of a fhmace, owing to a longer retention of 4 

carbon, whidi substanse oanfsniLifSi pig imn its fusibility. In the event, howm 
the pi|{ btfn cootaining an excess pf phosphorus, the carbon maj be so diminix 
qimntity that consolidation takes place Mfore the phosphorus is sufficiently r 
moved ; in such case I add a little mure flnid east iron to the portion pa 
pho^phoriied, and continue the operation as before. I prefer feroing the 
completely ns possible ftrom the adhering cinder, which with the ^hosphorns ) 
^dsaiiiferted mm the pig iron. 1 do thb because in attempting either to i 
the sticl or IsnMiho temperature is such that a portion of tne ; ' 
iC^M by tdtssspnbiln^ from such cinder.' 


jn this i^bomnl rf tha lirm and Steal InatUuta^ No. 2 for 1877f will bdij 
~~ '. 1. LowTBiAf ftux on this sub^t, rend nt the,! 

» in invv C5 o ' 


imWtAnt nmsibir by Mr. 


par 1^1^ 


Um Inltitiito on 8ajdbeinber 16, 1877. 

BXCXB&a’ ' llattiaue but la M^tallurj^e du IGok^’ ^ „ 

Ingfoieur des yines, jp puUiehed in the Amtalaa ms Jatnaaf tend xU., j 
7hie Is a mcpioir of upworde of 100 pages, and it trsats fully a** 

POMULFB. See TnuPK^ini, p. 88& where nn 
described. ^ • 

appwatis MrcHNiL thre^jporti mninly— namelj^ n J 
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tabe, oa« and of which ic fitted with a mouthpiece for^ha conveaienaa of apeoking 
into it The other end ii about 2 incl^ in diameter, aud ia doaad in with a diae or 
diaphmm of asoeedingly thin metal, capable of ^ing thmat ali^Uy ontwarda or 
vibratao. upon gentle preaanre being applied to it from within the lobe. To the centre 
of this diaphragm — ^wliieh forma a right ansle with horiaon — ia fixed a amaU 

blunt ateel pin, which, of courae, partakaa of Ac vibratory motion of the diaphragm, 
'rbie arrangement ia carried on a table and le fitted with a eet aorew, by maana of 
which it can be a^nsted relative^ to the aecoHd part of the appanlloe -tha reeordag, 
'I'his ia a braaa cylinder, about 4 inchaa In length and 4 inchaa in diameter, out with 
a continuoua V groove ftom one end t6 the other, ao that it in effect repreaenta a large 
aorew, Meaanring along thin cylinder fVom one eq4 ^ olhw there are ten of these 
groovea to the inch, or about forty in the whole Itvgth. The’ total length of thia 
coDtinuoafl groove or aomw thufad ia aboutedfifibet - Mat ia to aay, that wonjd be the 
length of the groove if it wwre atretohed out a atsp^^ht line: Thia cyli^er ia < 
mounted on a horisontMUnziB or shaft, carried in parings at eitlier end, and hying 
its circumfurential fhCe present to the ateel point of the racaiving apparatua. ^ha 
ahaft ia prolong for 4 inches or ao beyond toe ends of the i^linder, and one of the 
prolougationa ia cut with a screw thread and wurka ib. a aenvrtd baaring. This end 
terminates in a handle, nnd as this is ^irntd Mbpd the cylinder is not Only rev^^ed, 
but by means of the screWNl spindle is oansed to travel its whole length in fhint of 
the steel point, either bao^^wurds or forwards. ^ 

We now see that if the ywiuter he set in the groove m the cylinder at ita Ofim* 
mencement, and the handle turned, the groove would be traveraed over the point from 
beginning to end, or, converaoljTthe point woold always be praaanted to the groove. 

A voice speaking in the receiver would produce waves of sound which irould cause the 
point to enter to greater or loss depths into thia groove, hnoordiqg to the degree of J 
intensity given to the pressifre \|pon the diaphragm set np by the vibxatione of them 
sound produced. This«of course, of itself would mean nc^ing ; but in order to arrestlj 
am^preserva these sound presauiye, a sheet of tin-foil ie intei^osed, the foil being in- 
elastic and well adaptCO fSar receiving impreseiona. Thia sheet ia placed oruiinu the 


cylinder and its edgea lightly faatenM together by month due, Ibrming an endless 
band, and held on the cyMndar at the ed^a by the india-rtmber rinn If a person 
now speaka into the receiving tube and tM jafidle of the cylinder m turned, it will 
bo eeeu that the vibrations ^ the poui^ wilTbe ifwresaed upon that portion of the 
tiu-foii over the hollow groove and retained by it Tfibae hnpraaaiona will be more or 
Ivse deeply marked acco^ing to the modulations and infieotimm of the apeaJipx'a voice. 
We have now a meae^ verbally imprinted upon a atgip of metal. Bound haa^ in i 
fact, been converted into viaible form, Und we have now to tiuniLate that message by i 
reconverting it into B 9 und. We are about, in efibet, to hear onr own voice speaking I 
from a machine the wdirds which have juat fbHan from our lips. To do this jds** 
quire the third portion of Mr. Edisoh’b appmutus’— the tnnBinitter. 

This coiisiata of what may be callbd a imnieal metal dmm, having its larger end 
open, the smaller end, whi^h is about 2 ii^ea in diameter, being oovared with paper, 
which ia stretched taut as is the purchmrat of a drum head. Just in front of this 


which is stretched taut as is the purchmrat 
paper diaphram is a light, fiat steel f^ing, 
111 a blunt steel point projecting from it, and 
of the receiver. The spnng is connected wij 
by means of a silken thread, which ia placed 
outer face of the diaphragm to assume a al 


a drum head. Just in ftunt of this 
*in avartical position and tarmbiating 
wpondiitf imtlmt oo l^bo diaphragm 


placed on the opposite side of the cylinder to the^receive# Haviv set the latter < 
apparatus back from the cylinder, and having, by tnmlw ^ hiSdlein 
direction, set the i^linder hiok to whdt we may term the point, the tlanaaaUtin r 
apparatus is advanead towards the cyliudar by maana of a aet aciew OBtil the »tei [ 
point rests withont nbsolute praasora in the first indenUtiod tho point ofi< 

receiver. If now the handle be turned at the same speed 
I being recorded, the steel point will folbw the line of lum 
in periods oorresponding to the impreseiona previonaly Pfimi 
pont iff tbs receiving appdUtua. vibrations of the mniiaita n 
thus eommunioated tq tnejuper diaphragm, these will oe prod 
■ounda that in the illt inlSuee were reqaiud to produce the 
the tin foil Thus the worded &e apenkar wiUltehapird ii 
dmm in hii own foiea, ting^ howavar, with a aUgh^ttafilUli 
ba revolved more slowly tmin when the mesaageiwM Mng 
■arnea a bam tone ; if more quickly, tHi maaaage 
These vlriationB oecne nodbrdihg as the vibrations aie^ttioru or Idg 
ffmet, Jaijpuy*!?, 1873, aommuBiented by Hr. HmmPpwsdma 
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xauraOHB. lu the CmKOtu Kmdai HMlvmaiaim da Shttau tf f j j t iiH if t* 
dtt Seimeu for' FebrAaqr 4, ISTSiV. A. Da^pon hM a note on tbn 
vhich he itatee that connder^le improvemetit U made in the inatrnmiiK tQT jpUlMg> 
at a ehort dietance from ribrataag ^te of fiaLL'e Ul^hoae, oad or 4wo iittkOitf 
vibrating platee, the flnt hCdng a ciraumr eriOce Moal in diameter tothe.bafanojpioli^ 
and the eeooiid ^vinr a larger circular opening. It ie elated that thia anaagnmeAt 
aagmento not onlj tao intensitjy of the aoundi tnaamitted. but giveo them g y r at u 
dearnem. 
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